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ABSTRACT 

This paper reports a study of profile of twin lobe roots blower.Mathematical equation for lobe profile is 

established in parametric form and this equation is solved by using numerical methods. A steady state condition 

is assumed for CFD simulation. The results obtained by simulation are verified experimentally. 

Width of rotor at tip and waist is varied for various conditions and flow characteristics for these conditions are 

verified .The flow characteristics for which we will give enhanced performance in respect of mass flow rate and 

pressure is compared with existing lobe performance .This will lead to the development of optimum lobe.  

 

I. INTRODUCTION 

 

In modern industries, various machines are used for the pressurization or control of air flow like fans, 

compressors, blowers etc. (roots blowers) like  Twin lobe or tri lobe blowers fall under the category of positive 

displacement blowers. They have higher efficiency at moderate compression ratios and are most efficient in the 

compression ratios of 1.1 to 1.2. They are used where constant flow rate at varying discharge pressures. They 

are extensively used in the applications such as pneumatic conveying, aeration in ETP, cement plants, water 

treatment plant for filter back wash, aquaculture aeration etc .  

Twin lobe blower consists of a pair of involute shaped lobes/ rotors rotating inside a oval shaped casing, closed 

at ends by side plates. One end is a driving lobe which is driven by the external power source, while the driven 

gear is driven by a pair of timed spur gears. Both the lobes thus rotate at equal speed and in opposite direction. 

As the rotor rotates, the air is drawn inside the inlet side of the cylinder and forced out against the outlet side 

against system pressure. With each revolution four such volumes are thus displaced. The air which is thus forced 

out is not allowed to come back due to the small internal clearance within the internals of the machine except a 

very small amount called as „slip”. There is no change in the volume of the air within the machine but it merely 

displaces the air from suction end to the discharge end against the discharge system resistance i.e. no 

compression takes place in the machine. Since the lobe run within the machine with finite clearances, no internal 

lubrication is required. The air thus delivered is 100% oil free. 

 

II. LITERATURE REVIEW 

 

The effect of the various rotor geometries on the performance of roots blower has been carried out by many 

investigators. Some of them are discussed here: 
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Holmes et.al [1] derived mathematical models which suggests that cross section of the rotor can be of any type 

namely arc, involute or cycloid. An addendum tooth profile had been proposed by Holmes. 

Litvin  et.al [2] suggested  the addendum tooth profile is a single circular arc.  

Ralf  Stefens et.al [3]  invented rotor for a roots vacuum pump with two identical rotors having basically a 

figure of  eight profile  contour composed of four profile sections at the base and four profile sections at the top. 

has an improved rotor profile contour resulting in high area efficiency, high volumetric efficiency, reduced back 

streaming and simplified economical manufacturing which yields a compact, cost effective pump blower. 

Chiu [4] on the other hand, presented a rotor-profile design and manufacturing method consisting of a 

hypocycloid and epicycloid.  

Tsay et.al[5] carried out lobe development work  having only one lobe in the circular arc type. In this work, the 

geometry formation, area, working efficiency, tooth cutting have studied for different number of rotors like 2 

rotors, 3 rotors and also for 4 rotors.  

Fong  et.al [6] suggested that the addendum tooth profile of the rotor should be comprised of five circular arcs. 

They also studied how to avoid gas carryover for pump efficiency by comparing several design parameters for 

angle, area efficiency and the consequence of slide rate.  

Kang et al and Hsieh (7) calculated the performance and efficiency for addendum rotors. For this he had used 

the extended cycloid and also circular-cycloid geometry.  

Yao et al. [8] proposed a 3 rotor involute design having mainly three arcs off which 2 are of circular type and 

the third one was of involute type. This newly designed tooth of the blower has higher efficiency in fluid flow 

and also was good in pressure gradient term.  

Joshi  et. al[ 9] reports  the results of a study on multi-recompression heating. This process employs a roots-type 

mechanism to heat gases to very high temperatures by compressive gas heating. A CFD model predicting the 

leakage flows in the machine was developed, 

and an excellent comparison with experimental data taken on a twin lobe roots blower was obtained. A 

“clearance analysis” was performed to show that the clearance between the impellers remains constant for 96% 

of the angles of rotation. Assuming a quasi-steady state, the CFD simulation was performed . This research 

provide guidance in predicting the leakage flows in other blowers of the same kind with a different geometry 

Hsiech et al.[10] suggested a new profile which consists of  an extended cycloidal  curve with variable trochoid 

ratio in rotor design. Variable trochoid ratio designs based on third, fifth and seventh order polynomials and 

sinusoids.In particular higher  area efficiencies are obtained compared to the traditional trochoid ratio design. By 

using this method higher volumetric efficiency has obtained in comparison to those previously designed.  

Zhang et al. [11]recently used numerical methods to study the internal flow field, characteristic of air flow 

fluctuation and influence of rotor profile on the performance of the root blower. The rotor profile and casing 

structure of Roots blower have also been optimized by him for increasing the volumetric efficiency, reducing 

the noise and exhaust temperature. 

Dong Liang  et. al[12] Conjugate curves have been put forward previously by authors for gear transmission. 

Compared with traditional conjugate surfaces, the conjugate curves have more flexibility and diversity in 

aspects of gear design and generation. To further extend its application in power transmission, the geometric and 

meshing properties of conjugate curves are discussed in this paper. Firstly, general principle descriptions of 

conjugate curves for arbitrary axial position are introduced. Secondly, geometric analysis of conjugate curves is 
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carried out based on differential geometry including tangent and normal in arbitrary contact direction, 

characteristic point, and curvature relationships. Then, meshing properties of conjugate curves are further 

revealed. According to a given plane or spatial curve, the uniqueness of conjugated curve under different contact 

angle conditions is discussed. Meshing commonality of conjugate curves is also demonstrated in terms of a class 

of spiral curves contacting in the given direction for various gear axes. Finally, a conclusive summary of this 

study is given. given plane or space curve, generation principle and mathematical model of conjugated curve are 

developed. It can be applied to parallel axis, intersecting axis, and crossed axis gear drive, respectively. Based 

on differential geometry, geometric characteristic analysis of conjugate curves is carried out. The tangent and 

normal to conjugate curves in arbitrary contact direction are discussed and general calculation methods are 

provided. The enveloping condition of family of conjugate curves with single parameter is analyzed and 

characteristic point is determined. Curvature and torsion relationships of conjugate curves are also derived. 

 Meshing properties of conjugate curves are further revealed. According to a given plane or spatial curve, the 

variation law of meshing function is analyzed. The uniqueness of conjugated curves is discussed. The 

conjugated curves are always the same and unique 

curves for any given curve under different contact angles, while the difference is that there exists the rotational 

angle relationship with contact point  among generated curves. 

 Meshing commonality of conjugate curves is demonstrated in terms of a class of spiral curves contacting in the 

given direction for various gear axes. For any chosen contact curve under various gear axes, the conjugated 

curve has the same type and it can be written as the same expression form. 

 

III. SCOPE OF WORK 

 

The lobe comprises of three curves of which two are circular arc and third is convex arc which is an involute 

curve. The convex curve is constructed by varying angle γ according to angle φ. The lobe dimensions at tip and 

at waist are varied for three different combinations and by using numerical analysis problem is solved. The 

parametric equations for three different curves are established and solved for optimum profile.  

Mathematical equation for lobe profile is established in parametric form and this equation is solved by using 

numerical methods. A steady state condition is assumed for CFD simulation. The results obtained by simulation 

are verified experimentally. 

Width of rotor at tip and waist is varied for various conditions and flow characteristics for these conditions are 

verified .The flow characteristics for which we will give enhanced performance in respect of mass flow rate and 

pressure is compared with existing lobe performance .This will lead to the development of optimum lobe.  
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IV. GOVERNING EQUATIONS 

 

Lobe profile for optimization 

Curve 1: If Φ = [0, α1]  

X (Φ)=                                   ----------------------------------(11.1 ) 

Y (Φ)=                                             ----------------------------------( 11.2 ) 

Curve 2: If Φ = [α1, α2],  

X (Φ)=            ------------------------------------(11.3 ) 

Y (Φ) =           ----------------------------------- (11.4) 

Here;  

K21 (γ) = RL( )                                   -----------------------------------(11.5) 

K22 (γ) = RL                                                   -----------------------------------(11.6) 

Φ= tan
-1

 [{sin (γ) – γ. cos (γ)} / {cos (γ) + γ. Sin (γ)}] ---------------------------------(11.7) 

Curve 3:  If Φ = [α2, π/2],  

X (Φ) = Rup Cos [  + ]                 -----------------------------  (11.8 ) 

Y (Φ) = Rup sin [ + ] + Y0                      -----------------------------  (11.9 ) 

As φ varies from 40° to 70° , the angle tracing the convex curve moves from 0° to 86.47°. The relation between 

these two is given by above equation.[13] 

 

Different Cases to be studied- 

1.Case 1-  
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When Rex –lower circular arc is  as shown  and width of rotor is 89.231 mm 

1.Case 2- 

When Rex –lower circular arc is  as shown  and width of rotor is 89.256 mm 

1.Case 3- 

When Rex –lower circular arc is  as shown  and width of rotor is 89.281mm 

1.Case 4- 

When Rex –lower circular arc is  as shown  and width of rotor is 89.306mm 

After  solution of above equations we get following types of co-ordinates by using of which we can generate 

various rotor geometries. 

X Y 

92.8630 0.0000 

92.8200 1.7000 

  

  

1.1101 23.844 

0.0000 23.8320 

 

V. MODEL GENERATION AND GEOMETRY FORMATION 

 

Rotor 3d Model

 

 

Rotor Assembly 
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VI. NUMERICAL SIMULATION 

 

Steps involved in numerical simulation are- 

1. Generation of geometry and meshing the model 

2. Export the mesh model in ANSYS 

3. Open in ANSYS for 2D model solving. 

4. Grid check for positive volume or negative volume. 

5. If positive volume is found then its ok otherwise goback to face meshing option. 

6. Define the material and property parameters, boundary conditions. 

7. In solve option go to control, solution, initialize, monitor, residuals and then iterate.  

    To converges the problem. 

8. Plot the results on graph. 

 

VII. PERFORMANCE EVALUATION BY SIMULATION 

 

Various graphs are plotted for four different cases of lobe profile. 

a) Typical graph- 

Mass flow rate vs Angular speed of rotors 

b) Outlet total pressure- 

Typical graph- 

Outlet pressure vs angular speed of rotors. 

c) Outlet total temp. 

Typical graph- 

Outlet temperature  vs  angular speed of rotors. 

 

VIII. PERFORMANCE CALCULATIONS BASED ON EXPERIMENTATION 

 

After assembly of Blower, the testing of blower is carried out in performance  testing laboratory. With the help 

of these equipments testing performance of blower is evaluated with ref. to British standard BS: ISO: 1217-

1996. The laboratory is equipped with two orifices mounted on a test rig, prime mover, vibration meters, decibel 

meters etc. Calculate pressure ratio as per calculation.  

 

IX. CONCLUDING REMARKS 

 

For steady state analysis, it can be seen that pressure, mass flow, temp. and velocity all these parameters  totally 

depend upon the geometry of lobe. As the base width of lobe is shortened the flow increases however, at the 

same time back flow increases due to excess clearance between rotors. The study forms the basis for evaluation 

of the   performance of roots blower for various rotor geometries. Also, The same data can be utilized for 

development of tri –Lobe profiles for tri lobe operations for high speed applications. 
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