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Abstract -- There exist few design methodologies for 

centrifugal blowers and fans in the literature. However 

unified design methodology particularly for radial tipped 

centrifugal blowers and fans is not easily traceable in the 

literature available. In this research paper is attempted to 

design a single stage radial type centrifugal blower for 

used in required industrial area. In this thesis, the bower 

is designed to provide low volume, high pressure air for 

cooling, ventilating and exhaust system that handle dust, 

materials or corrosive fumes. This centrifugal blower can 

produce 20 in of w.g(0.7396 psi) and 2l2l ft3/min (60 

m3/min; of air at 60 Fand design speed 3450 rpm. In this 

research, the blower is designed air horsepower is 7 a. hp 

(5.2 kW) and the brake horsepower is 10 b. hp (7.5 kW). 

After choosing the design data from catalogue, the results 

of impeller inlet and outlet dimensions and vane angle 

could be obtained. 

Indexed Terms: Centrifugal blowers, fans, Design, power, 

Vane 

 

I. INTRODUCTION 

 

Machine that works on a flowing fluid is called a 

pump, blower, or compressor. A large number of 

blowers for high pressure applications are the 

centrifugal type. It consists of an impeller which has 

fixed between the inner and outer diameters the 

functions of blower are to increase the pressure of the 

air, to provide conditions favorable for combustion 

and expansion of the hot gases through the engine. 

 

Centrifugal blowers are fundamentally high speed 

machines. The recent advances in steam turbine, 

electric motor, and high speed gearing design have 

greatly increased in their usage and application. A 

centrifugal pump or blower consists essential of one 

or more impellers equipped with vanes, mounted on a 

rotating shaft and enclosed by a casing. Fluid enters 

the impeller axially near the shaft and has energy. 

Kinetic and potential, imparted to it by the vanes. As 

the fluid leaves the impeller at a relatively high 

velocity, it is collected in a volute or series of 

differing passage with transforms the kinetic energy 

into pressures. This is of course, accompanied 

decrease in the velocity. After the conversion is 

accomplished the fluid is discharged from the 

machine. All rot dynamic machines have a rotating 

part called the impeller, through which the fluid flow 

is continuous. The direction of fluid in relation to the 

plane of impeller rotation distinguishes different 

classes of roto dynamic machines. One possibility is 

for the flow to be perpendicular to the impeller and, 

hence, along its axis of rotation. Machines of this 

kind are called axial flow machines. In centrifugal 

machines (sometime called radial flow), although the 

fluid approaches the impeller axially, it tums at the 

machine's inlet so that the flow through the impeller 

is in the plane of the impeller rotation. Mixed flow 

machine constitute a third category. They derive their 

name from the fact that the flow through their 

impellers is partly axial and partly radial. Radial flow 

impellers are normally provided with a front shroud 

and back shroud being called closed type. Impeller 

are sometimes built without the front shroud and 

called open type which is suitable for handling solid 

suspended liquids. 

 

II.      DIFFERENT TYPE OF BLOWER 

 

Centrifugal blower may be classified into three basic 

types according to blade configuration: 

1. Forward curve 

2. Backward inclined 

3. Radial or straight blade 

 

Each type has its own application range and limits. 

Modifications of these basic types include radial tip, 

mixed flow, and tangential flow. 
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1.a                         1.b                          1.c 

Forward Curve              Backward          Curve Radial 

 

Fig 1. Wheel Vector Diagrams 

 

 
Fig.2a: Axial Flow Fig.  2b. Centrifugal Flow 

 

The tip speed required to produce the required air 

particle velocity varies substantially with the type of 

blade used. Fig 1a, 1b and 1c show vector diagrams 

of forces in forward curve, backward curve, and 

radial blade impellers, respectively. Vector 

V1represents the rotational or tangential velocity, and 

V2 represents the radial velocity of the airflow 

between the blades with respect to the various blade 

shapes. 

 

Vector R represents the resultant velocity for each of 

these blade shapes. Note that R for the forward curve 

impeller is the largest with the backward inclined 

impeller the smallest, while the radial blade fan lies 

somewhere in between. This relationship is best 

illustrated in Fig 3, which shows a typical tip 

speed/static pressure relationship for various types of 

centrifugal blower. 

 
Figure 3. Tip Speed/Static Pressure Relationship 

 

Forward Curve Fans 

These fans are sometimes known as volume, squirrel 

cage, or sirocco blowers. The impeller blades are 

small and numerous with a pronounced curvature and 

short chord length. The concave blade curvature faces 

the direction of rotation. These fans operate at 

relatively low speeds and pressures which permits 

light construction of the impeller, shaft, bearings and 

housing. 

 

Backward Inclined Fans 

These are sometimes called load limiting or nonover 

loading fans. The impeller blades are larger 

andheavier than forward curve blades, usually 

number fromeight to twelve, and are inclined away 

from the directionof rotation. They are standardly 

offered in three bladeshapes: 

1. Flat single thickness  

2. Curved single thickness  

3. Curved airfoil  
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Radial Blade Blower 

Steel plate and paddle wheel are two of the 

commonnames for radial blade fans. The impeller 

blades aregenerally narrower, deeper and heavier 

than forwardcurve and backward inclined blades. A 

radial bladeimpeller usually comprises six to twelve 

equally spacedflat blades extending radially from the 

center of the hub. 

 

These impellers are generally of simple design that 

lendsitself to rugged construction and offers a 

minimum ofledges, etc., for the accumulation of dust 

or stickymaterials.There are more variations of the 

radial blade fansthan the forward curve and backward 

inclined types.Three of the more common impellers 

are illustrated inFig. 4. 

 

 
          4a.                         4b.                            4c 

      OW/BW                    AW                           RT 

    Radial Blade           Air Wheel               Radial Tip 

 

Fig.4. Common Radial Blade Impellers 

 

III.    DESIGN PROCEDURE OF RADIAL TYPE 

CENTRIFUGAL BLOWER (IMPELLER) 

 

Design Specification of Radial Type Centrifugal 

Blower  

This research work is based on an industrial 

requirement for Twin city Blower Company, 

Aerovent. Radial blades have lower unit blade stress 

for a given diameter and rotationalspeed hence lighter 

in weight. There is equal energy conversion in 

impeller anddiffuser so it gives high-pressure ratio 

with good efficiency [9, 20]. Looking to 

theserealization and facts radial blade fan is selected 

for this study.The input parameters for the design of 

radial tipped centrifugal blower are as following, 

 

Flow Discharge Q = 2121 ft
3
/min 

Static Suction Pressure = 14.7 psi(absolute) 

Static Delivery Pressure = 0.7396psi ( gauge) 

Static Pressure Gradient ΔPs = 981.2 Pa 

Speed of impeller rotation N = 3450 rpm 

Air Density = 1.165 kg/m
3
 

Outlet Blade Angle β2 = 90° 

Suction Temperature Ts= 60°F= (60 + 460)=520°R 

Atmospheric Pressure Patm = 1.01325 × 10
5
 Pa 

Atmospheric Temperature Tatm = 30°C = 303° K 

 

These parameters are kept identical for each design 

methodology prescribedhere in. 

 

Design of Radial Type Centrifugal blower as per 

Fundamental Concepts 

This design procedure is based on the fundamental 

principles of fluid flowwith continuity and energy 

equations. The design follows the path from suction 

todischarge. To accelerate the flow at impeller inlet, 

converging section is designed after inlet duct. 

Energy balance is established at fan inlet, 

intermediate stage ofimpeller and outlet stage of 

volute/scroll casing.During this process stage 

velocity, pressure and discharge at different stagesare 

calculated. Flat front and back shrouds are selected 

for ease of impellerfabrication. Design procedure and 

calculations for above referred input parameters are 

presented below: 

1) Overall pressure ratio 

 = 1.0503  

 
 

2) Total adiabatic head 

 

1362 ft 

 

3) Specific weight of air 

 

 

Weight flow;  

 
 

4) Adiabatic air horsepower 

 

 7hp 
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IV.      IMPELLER INLET DIMENSIONS AND 

VANE ANGLE 

 

The velocity in the pipes for the design condition is 

usually between 60 and100 ft/sec; whereas the 

velocity at the flanges generally lies in the range from 

100 to200 ft/sec. 

 

Therefore, the velocity through the impeller eye is 

assumed as 100 ft/secvelocity head; 

 

 

 

0.00158 

 

 =14.7 psi 

 =215R 

 

5) The specific weight of the air in the impeller eye 

 

 

 
 

6) Volume flow through impeller eye 

 

 
 

7) Air horsepower,  7hp 

overall  = 70% 

8) Brake horse power,  

 
 

9) Torque T =  

Torque T =182.608 lb-in 

Allowed shear stress,  

 

10) Shaft diameter,d 

 =1.5 in 

The shaft diameter Ds, is based upon the critical 

speed and deflection. It will beamply strong in 

torsion and bending if it is made 1.5 in, in diameter. 

The hub diameterDs ma then be made 2.5 in. The 

impeller eye diameter: 

 

8 in 

So, 8 in may be used. 

 

The vane inlet diameter D1 may diameter.So, D1: 

8.25 in may be selected. 

Inlet tip speed:  

 

 

ft/sec 

 

The inlet velocity is assumed to be radial, i.e 

. And is made equally  is 100 ft/sec. the 

inlet and outlet blade angle of impeller as shown in 

Fig 4. 

 

 
Fig.5. Inlet and Outlet Velocity Diagram of the 

Impeller 

 

Impeller Blade Inlet angle,  

Impeller Blade Inlet angle, = 38 

The relative inlet velocity,  

 
 

In calculating the impeller areas, the flow must be 

increased because ofleakage past the impeller. This 

leakage may be assumed to be about 72 percent of 
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theflow, subject to connection after the impeller 

dimensions have been established. 

Impeller inlet area;  

 54.801 in
2
 

 

Assuming the vane has constant thickness t: 0.25 in 

the inlet vane thicknessfactor : 0.85. 

The impeller inlet width is 

 

in 

 

V.      SELECTION OF THE VANE DISCHARGE 

ANGLE 

 

The vane outlet angle is usually made larger than 

the inlet . The outlet vane angle,  ma be selected 

within fairly wide limits. It is made slightly larger 

than the inlet angle to obtain a smooth, continuous 

passage. The outlet angle,  cantheoretically be 

selected freely within a wide range. An angle 

>90°leads tobackwards curved blades, =90° 

means radially ending blades and < 90° 

meansforward curved blades. 

 

Effectsofimpellerdischargesontheoreticalheadandoutl

etvelocitydiagramsfor various vane angles, for radial 

blade design, the graph is straight line the flow 

rateand head constant and the power is also constant' 

In this design to get the 

powerconsumptionconstant,toreduceoreliminatethebe

ndingstresstopreventthedamage of impeller and to 

maintain the blower easily, the vanes discharges 

angle  ischosen 90°, radial blade design. 

 

VI.     IMPELLER OUTLET VANE ANGLE AND 

DIMENSIONS 

 

The outside diameter of the impeller assuming the 

value of K′.  The overallpressure coefficient K′ may 

be between 0.5 and 0.65. 

Take K′ = 0.6. 

 

18 in 

 

The outlet vane angle  is 90°.  

The number of blade: Z 

 

vanes 

Therefore, the vane outlet angle  is 90°, 15 vanes 

and a radial outlet velocity Vr2 is 63ft/sec.  

The impeller tip speed:  

      

    

ft/sec 

 

The circulatory flow effect reduces the tangential 

component,  

 
 

The tangential component of V2 based upon a finite 

number of vanes,  

 

 

The absolute outlet velocity,  

 
Theabsolute outlet velocity with a pilot tube, 

 

 

 The absolute outlet angle,    

16 

 

 
Fig.6.Virtual and Actual Outlet Velocity Diagram 
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The virtual and actual outlet velocity diagrams are as 

shown inFig.5. The virtual pressure head developed 

in the impeller 

 

2280 ft 

It may be assumed that, owing to the circulation flow, 

friction, and turbulence in the impeller, l5 percent of 

this head is lost. Hence the effective head is 

 

H = 0.85  2280 = 1938.116 

 

 

=1.0717 

 

The impeller outlet pressure, 

= 0.071714.6= 16 psi 

 

The impeller outlet temperature, 

= = 519 1.0198 = 529 R 

 

The outlet specific weight: 

 

 
 

Table 1. Result Data of Impeller 

 

Name Symbol Result 

Shaft Diameter Ds 1.5in 

Hub Diameter DH 2.5in 

Eye diameter D0 8 in 

Eye velocity V0 100 ft/sec 

Flow through eye Q0 35.5 ft
3
/sec 

Vane inlet diameter D1 8.25 in 

Velocity at vane 

inlet 

V1 100 ft/sec 

Impeller inlet width b1 2.5 in  

Inlet vane angle 1 38 

Inlet vane thickness 
1 

0.85 in 

Number of vanes z 15 

Inlet tipspeed U1 124.191 ft/sec 

Outside dia. of 

impeller 

D2 18 in 

Impeller outlet 

tipspeed 

U2 270.962 ft/sec 

Tangential 

component of outlet 

vel; 

Vu2 214.212 ft/sec 

Impeller outlet width b2 1.5 in  

Outlet vane 

thickness 
2 

0.93 in 

Vane outlet angle 2 90 

Absolute vel; V′2 223.284 ft/sec 

Absolute outlet 

angle: 

2′ 16 

 

 

 
Fig.7. Three-D Model of Radial type Centrifugal 

Compressor Impeller 

 

VII.    CONCLUSION 

 

Blower can vary in size from a 

few feet to tensoffeet in diameter, depending on their 

application. Centrifugal blower are very useful in 

many industries, factories and many engineering 

fields. Although the centrifugal blowers are existing 

machines in many respective fields, we must be 

understood in its detail design, construction, function, 

application and basic theoretical knowledge. The 

design blower can be developed a pressure of 

15.4396 psi (106.452 kPa) and deliver 2l2t ft
3
/min 

(60 m
3
/mim) of air at 3450rpm. The designed 
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impeller has B25 in (209.55 mm) inlet diameter, 18 

in (457.2 mm) outlet diameter, 380 inlet vane angle 

and 90outlet vane angle. The number of vanes is 

15blades. And then, the inlet width and outlet width 

are 2.5 in (63.5mm) and 1.5 in (38.1mm) 

respectively. The diameter of discharge flange is 6 in 

(152.4mm). So, this research would be very useful 

and applicable for the vane shape of designing blower 

that is widely used in industries. 
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