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ABSTRACT
This work presents optimum design of exhaust system used for fumes and smoke generated by
various processes, which carry with them acidic droplets .This system is also used for circulation
and ventilation of the fresh air in the industrial sheds and building. It is used as HVAC (Heating
Ventilating and Air Conditioning Applications). This system is designed with compact assembly of
impeller, casing and motor. It is made with customized specification to meet the requirement of
different industries. It is designed with variable speed, so that it can be used to control the combustion,
guide waste exhaust gases, coarse dust or chips, mixed dust with large shavings or lighter amounts
of fine dust. Experimentally, we have studied the flow conditions at various locations and with
different types of fumes and smoke. As a result, we reached the conclusion that it is a very efficient
exhaust system which makes the environment clean and free from fumes and smoke. The portability
of this system makes it a multi usage system.
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INTRODUCTION
The environment constantly has to deal with larger
concentrations of pollutants due to the use of
various types of combustion processes. For the
purpose of development and growth, we require
various industries such as petroleum refineries,
natural gas processing plants, petrochemical
plants, Chemical production plants, Foundry
Industries, which emits various pollutants in to the
atmosphere. Fly ash is one of the residues
generated in combustion and comprises of the fine
particles that rise with the flue gases1. This
includes substantial amounts of silicon dioxide
which is present in two forms: amorphous, which
is round and smooth, and crystalline, which is
sharp, pointed and hazardous. Fly ash particles
are generally spherical in shape and range in size
from 0.5 µm to 100 µm2. Fig.1 shows Briggs
proposed plume rise, Briggs’s equations for bent-
over, hot buoyant plumes are based on
observations and data involving plumes from
typical combustion sources such as the flue gas
stacks from steam-generating boilers burning fossil
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fuels in large power plants3.Therefore the stack
exit velocities were probably in the range of 6 to
30 m/s with exit temperatures ranging from 120
to 260 0C. Air pollution dispersion terminology
includes: Buoyant plumes, Dense gas plumes,
Passive or neutral plumes. In chemical production
plants there are acidic and toxic fumes which are
inhaled by the operators.
A lack of ventilation concentrates air pollution
indoors where people often spend the majority of
their time. Radon (Rn) gas, a carcinogen, is
exuded from the earth in certain locations and
trapped inside houses. Building materials including
carpeting and plywood emit formaldehyde gas.
Paint and solvents give off volatile organic
compounds. As they dry, lead paint can degenerate
into dust and can be inhaled. Intentional air
pollution is introduced with the use of air
fresheners, incense, and other scented items.
Controlled wood fires in stoves and fireplaces can
add significant amounts of smoke particulates into
the air, indoors and outdoors4. Indoor pollution
fatalities may be caused by using pesticides and
other chemical sprays without proper ventilation.
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Carbon monoxide (CO) poisoning and fatalities
are often caused by faulty vents and chimneys,
or by the burning of charcoal indoors. Chronic
carbon monoxide poisoning can result even from
poorly adjusted pilot lights. Traps are built into all
domestic plumbing to keep sewer gas, hydrogen
sulfide, out of interiors. Clothing emits
tetrachloroethylene, or other dry cleaning fluids,
for days after dry cleaning5.
Biological sources of air pollution are also found
indoors, as gases and airborne particulates. Pets
produce dander, people produce dust from minute
skin flakes and decomposed hair, dust mites in
bedding, carpeting and furniture produce enzymes
and micrometer-sized fecal droppings, inhabitants
emit methane, mold formed in the walls and
generates mycotoxins and spores, air conditioning
systems can incubate Legionnaires’ disease and
mold, and houseplants, soil and surrounding
gardens can produce pollen, dust, and mold.
Indoors, the lack of air circulation allows these
airborne pollutants to accumulate more than they
would otherwise occur in nature.
Fans and blowers provide air for ventilation and
industrial process requirements. Fans generate a
pressure to move air (or gases) against a resistance
caused by ducts, dampers, or other components in
a fan system. The fan rotor receives energy from
a rotating shaft and transmits it to the air. The major
types of centrifugal fan are: radial, forward and
backward curved.
Radial fans are industrial workhorses because of
their high static pressures (upto 1400 mm WC)
and ability to handle heavily contaminated

airstreams. Because of their simple design, radial
fans are well suited for high temperatures and
medium blade tip speeds. Blowers can achieve
much higher pressures than fans, as high as 1.20
kg/cm2. They are also used to produce negative
pressures for industrial vacuum systems6.
To improve design of centrifugal machines, a
better understanding of the flow of such machines
is required. The primary function of a volute is to
serve as the transition from the impeller and
diffuser to the pipe (exhaust) system. Volute casing
can be used for filtration and separation of gases.
In this work we have tried to study the flow with
the help of pressure probe.
We have fabricated the system after optimizing
the designs of blower, in order to yield an efficient
design, to get a desired performance. The design
variables are iterated to satisfy the constraints.
This is needed to achieve acceptable design. The
end results substantiate the present design
optimization methodology as a promising tool for
a design engineer.

MATERIAL   AND  METHODS
In this world of competition, when we design a
power consuming machine, efficiency is the main
objective of the optimization. All independent
variables are varied to check whether they
increase efficiency () or not. In optimization,
combinations which give higher  are selected7.
Size is the secondary objective of optimization
process. The higher values of outer diameter of
machine (d2) increases size of machine and
consequently its cost increases. The specific
speed NS is a characteristic number from which
centrifugal machine range can be calculated.
Independent variables
2, Z, d1, b1 and b2 are Independent variables.
Outlet blade angle 2 of impeller is primary
independent variable. Choosing 2 is the key step
in design8. It is varied through whole span.2 =
150 to 650 as this is the backward curved type
impeller 8.
Number of blade Z of impeller is varied
corresponding to 2. The equation for number of
blades is given in Eck Bruno8

Inlet  diameter d1of impeller is secondary
independent variable. d1 is varied to satisfy
diameter ratio condition for centrifugal type

Fig 1 : Briggs proposed plume rise
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Fig  2.2 : Line Diagram of setup

impellers that is d1/d2 = 0.5 to 0.8. After deciding
d1 (for which highest  is obtained) next variable
i.e. b1 is varied to check next.
Inlet width b1of impeller is varied from 0.208d1 to
0.46d1

8

Outlet width b2 of impeller is varied corresponding
to b1, such that the angle of divergence is not
greater than 120 8.
Constraints
Inlet velocity Veye < 22 m/s; as the higher velocities
in inlet duct induce more losses, higher value of
Veye should be avoided 9.
d1 / d2 = 0.5 to 0.8, this is a typical value of
centrifugal impellers8

(d1/d2) / (1.194*1/3) = 1 to 1.1, this condition is
derived in Eck Bruno8

b1/d1 = 0.208 to 0.46. The values greater than
0.221 decelerate the flow while the values less
than 0.221 accelerate the flow. There is difference
of opinion for these conditions in various
references. That is why both conditions are
checked8,
b2 < b1 and divergence angle < 120. A larger value
of divergence angle will induce a greater loss that’s
why it should be avoided.
Inlet blade angle β1 = 150 to 350. The higher values
of β1 induce more losses due to shock and
separation. Higher values should be avoided8.

Meridional (or radial) velocity ratio Vm1/Vm2 = 1.25
to 1.6. The meridional (radial) velocity ratio should
be obeyed in order to achieve a good design 10.
W1/W2 > 1.05. Typically, relative velocity (W1) at
inlet is higher than relative velocity (W2) at exit.10

Design of system
Dimension of Impeller
Inner Diameter (d1) = 0.10 meter,
Outer Diameter (d2) = 0.26 meter
Speed of Impeller (N) = 800 rpm.
           = Hydraulic Efficiency
           = Volumetric Efficiency..
 
 

Total Efficiency 
Impeller of this unit having following specification,
as shown in Fig. 2.1
Type: Backward inclined blade type, Thickness
of the blade: 2mm.
Inlet Blade Angle: 30.41 deg. with tangential
direction,
Outlet Blade Angle: 70.62 deg. with tangential
direction.
Inner diameter: 10 cm, Outer diameter: 26 cm,
No of blades=10 nos.
Assembly of designed impeller and rotor is in such
a way that, impeller is directly acting as a rotor

Fig 2.1  : Impeller



1075

Journal  of  Environmental  Research  And  Development Vol. 6 No. 4,  April-June 2012

volute casing. They are equally placed in the radial
direction. For each hole; i.e., for 00, reading was
taken at middle of volute thickness. Thus readings
were taken at total 25 holes of volute casing.

RESULTS  AND  DISCUSSION
In this work, experiment is done to investigate
the parameter like flow angle, static pressure,
dynamic pressure, stagnation pressure and
velocity of flow at radial direction in the involutes
casing. Among all the results, results of pressure
are presented in the form of a graph as they are

and stator is made fixed so, that with stator any
one can make the attachment for fitting or holding
the system as shown in Fig . 2.2. The designed
volute casing is mild steel sheet of 2 mm thickness.
It is designed on the basis of Constant Mean
Velocity. In this the casing wall at casing wall side
overhung portion, designed parallel to impeller
taper shape as shown in Fig . 2.2
To investigate the flow through volute casing, the
blower used is a single stage blower, which is run
by a motor having (Rated input: 63 Watt, Voltage:
220/230 A.C) capacity and variable rotational
speed of 800-1100RPM.
Manometer
We used the manometer having water as fluid
for the pressure measurement. As the pressure
in the blower had low values the manometer was
inclined at 26deg, with reference to horizontal as
shown in Fig . 3.1 with experimental setup.
Experimentation
The flow analysis was carried out first
experimentally for volute casing based on constant
velocity with backward inclined impeller at eight
different radial- planes i.e. at 450, 900, 1350, 1800,
2250, 2700, 3150 and 3600. Throughout the radial
distance and from suction to exit of volute casing
as shown in Fig .  3.2 holes near the impeller.
The readings were taken at different radial
positions from-near to impeller to outer wall of

Fig 3.1 : Experiment setup

Fig 3.2 : Suction view of Exhaust System
important for selection of system. We have
observe, the flow angle is progressively increasing
up to 2700 and then decreasing. So it is observed
that the flow angle is more stable at casing wall
than impeller periphery. From radial distance 450

to 2500, the velocity increases and then it is
decreasing up to 3150 and again it recovers. This
large variation of velocity is due to high velocity
just out of impeller blade. Finally the velocity at
impeller region is very unstable. Velocity is in range
of 5.5 m/sec to 7.7 m/sec.
The stagnation pressure and static pressure
are shown in Fig. 4.1 it is observed that,
static pressure is maximum at near 3150. It
are lower at 3600. Due to filter provided at outlet.
So some drop in pressure is observed.
Experiment is done with various gases and fumes
from acidic well. Fig. 4.2 shows pattern of flow
at entry of the suction portion. Fig.  4.2 (a) shown
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at minimum speed. Fig. 4.2(b) shows at
maximum speed of the system. Fig . 4.2(c) shows

with funnel at suction, where flow enters
uniformly, which shows significance of funnel.

Fig 4.1 : Pressure distribution at various locations

(c)(a) (b)

CONCLUSION
These conclusions are limited to backward
inclined centrifugal blower with involute casing
having low pressure ratio. Velocity of flow, static
pressure and stagnation pressure is quite stable
and found as per the design. With variable speed
of the system, flow can be easily control and
power can be saved as per the requirement. By
providing filter at outlet, we can remove from the
exhaust gases, coarse dust or chips, mixed dust
with large shavings or lighter amounts of fine dust
on the cost of, small drop in pressure of the system.
System is used in separating acid droplet from

the fumes, without affecting the processes. Outlet
opening is can be varied and by providing wire
mesh we avoid entry of birds inside the system.
System can provide comfortable pressurized fresh
air from the atmosphere, which can be circulated
very easily. Whole system is compact and can be
easily move or fitted in any position. It is full proof
from the rain water, as it can be placed at the
roof or on the terrace. As a result, we reached
the conclusion that it is a very efficient and
economical exhaust  system making the
environment clean and free from fumes and
smoke. The portability of this system makes it a
multi usage system.

Fig 4.2 : Flow Visualisation at Various conditions
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