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Preface 

Present book is based on Manufacturing of twin lobe roots 
blower using steel shaft & lobe. The current rotor is as casted with 
S.G. iron material.  After wearing of shaft the entire rotor needs to 
be replaced. Further due to stringent requirement of design with 
S.G. iron rotor, the shaft diameter is very large causing use of 
heavy ball as well as roller bearings & shaft. All these conditions 
leads to increase in cost and delay in production activity. In new 
design I am planning to introduce steel shaft & twin lobe blower as 
against existing as cast S. G. Iron shaft & blower. Hence, it is 
necessary to ensure two things. First, the shaft should withstand 
with the existing twisting as well as bending stress & lobe should 
withstand the high pressure and secondly, the center line matching 
of machined lobe and shaft. Here it is necessary to ensure the 
proper molding of steel in S.G. iron.  

These types of blower are used in various purposes such as 
such as pneumatic conveying, aeration in Effluent Treatment 
Plant, cement plants, water treatment plant for filter back wash, 
aquaculture aeration, Thermal power plant, Biogas Boosting etc. 
In this design stage includes the design of steel diameter and lobe 
design, after diameter is decide, then selection of ball as well as 
roller bearing. This design is based on the ASME standards or the 
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modeling of steel shaft with lobe the CATIA is used. For the 
analysis purpose, ANSYS software is used. 

The contents in this book are planned in a systematic and a logical 
sequence to understand the subject with ease. It is presented in 
simple and self learning style. I hope that this book will be helpful 
for for graduates and post graduates and researchers of engineering 
field. 

Your feedback is very important to me.  If you find the 
book informative and useful, it is my pleasure to be of service to 
you.  If you find it any chances of improvement, please share your 
ideas with me, so that I can try to improve in future editions. 

 

Dilip Pandurang Deshmukh 
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1.1 Introduction 
Twin lobe or tri lobe blowers fall under this category. 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 .These are generally available for capacities 
10 m3/ hr to 10000 m3/ hr for pressures up to 1 Kg/ cm2 in single stage 
construction. [1] The twin lobe rotor belongs to the category of positive 
displacement blower. They consist of a pair of in volute shaped lobes/ 
rotors rotating inside an 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. [9] 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. These 
blowers delivers practically constant flow rate independent of the 
discharge pressure conditions. The flow rate depends largely on the 
operating speed. Due to these constructional features it has following 
distinct characteristics.[9] 

1. The flow is depending on the operating speed. 

2. The input power is totally depend upon the pressure across the 
machine. 

3. The suction and discharge pressure are determined by the system 
conditions. 

4. The temperature rise of the discharged air is largely dependent on the 
differential pressures across it 
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2.1 Objective of the project 
1. The flow is largely dependent on the operating speed of air. 

2. The Input Power is largely dependent on the total pressure across the 
machine. 

3. The Suction & Discharge pressures are determined by the system 
conditions. 

4. The Temperature rise of the Discharge air & machine is largely 
dependent on the Differential pressures across it. 

2.2 Problem Definition 
In many application it is desirable to have a twine lobe blower & root 
blower rotate in multiple speeds; the flow is largely dependent on the 
operating speed of air  in these cases velocity ratio need to be constant. 

Manufacturing of twine lobe roots blower using steel shaft & lobe. The 
current rotor is as casted with S.G. iron material. After wearing of shaft 
the entire rotor needs to be replaced. Further due to stringent requirement 
of design with S.G. iron rotor the shaft diameter is very large causing use 
of heavy ball as well as roller bearing, shaft & lobe. All these conditions 
leads to increase in cost and delay in production activity. 

Hence, it is necessary to ensure two things First, the shaft should 
withstand with the existing twisting as well as bending stress & lobe 
should withstand the high pressure and secondly, the centre line matching 
of machined lobe & shaft. Here it is necessary to ensure the proper 
molding of steel in S.G. iron. 

These types of blower are used in various purposes such as such as 
pneumatic conveying, aeration in Effluent Treatment plant, cement plants, 
water treatment plant for filter back wash, aquaculture aeration, Thermal 
power plant, Biogas Boosting etc. 
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Gert Van Leuven, Stefan Henneberger, et. al.[17] 
In order to achieve a significant improvement in energy efficiency in the 
technology of air blowers for small volume flows (300 to 5000 m³/h) , a 
technology step is needed. The technical evolution in this blower market 
for small volume flows has been very poor in the past 50 years. The 
“Roots” type lobe blowers have been developed from 2-lobe to 3-lobe 
blowers, mainly to reduce the pulsation level, but regarding energy 
efficiency, lobe blowers have not achieved significant improvements. 

The step to achieve significant progress in energy efficiency in the low-
pressure market is taken by introducing blowers using internal 
compression instead of external compression. This report will demonstrate 
from both a theoretical, using a thermodynamic approach, and practical 
point of view, that external compression is less efficient than internal 
compression, starting from 0.4 bar(e) and increasing to 1.0 bar(e). 

It will provide an insight into the improved energy efficiency and the 
lower air outlet temperatures in favor of the screw thereby proving how 
drastic energy savings are able to be achieved. By designing compressor 
screws dedicated for low pressure (0.5 bar(e)), the technology advantage 
is introduced in a new market segment. The report how that be side’s 
energy savings, the screw technology has further advantages regarding 
noise, vibrations and reliability. 

Salaskar S. S., InamadarK. H., et. al.[16] 
Present report is based on Manufacturing of twin lobe roots blower using 
steel shaft. The current rotor is as casted with S.G. iron material. After 
wearing of shaft the entire rotor needs to be replaced. Further due to 
stringent requirement of design with S.G. iron rotor , the shaft diameter is 
very large causing use of heavy ball as well as roller bearings . 

All these conditions leads to increase in cost and delay in production 
activity. In new design we are planning to introduce steel shaft as against 
existing as cast S.G. Iron shaft Hence ,it is necessary to ensure two things 
.First , the shaft should withstand with the existing twisting as well as 
bending stress and secondly, the centre line matching of machined lobe 
and shaft. .Here it is necessary to ensure the proper molding of steel in 
S.G. iron. 
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This types of blower are used in various purpose such as such as 
pneumatic conveying, aeration in Effluent Treatment Plant, cement plants, 
water treatment plant for filter back wash, aquaculture aeration etc. In this 
design stage includes the design of steel diameter, after diameter is decide, 
then selection of ball as well as roller bearing. This design is based on the 
ASME standards. For the analysis purpose, ANSYS software is used. For 
the modeling of steel shaft with lobe the SOLID EDGE is used. 

Everest Transmission Article by Technical Team ., et al.[1] 
This article is focused on Twin Lobe Blowers also popularly known as 
Roots Blowers-on the name of its inventors. TWIN Lobe Rotary Air 
Blowers belong to the category of Positive Displacement Blowers. They 
consist of a pair of in volute profiled (shape of 8) lobes/rotors rotating 
inside an oval shaped casing, closed at ends by side plates. One lobe is the 
driving lobe, which is driven by the external power while the driven lobe 
is driven by a pair of equal ratio gears. Both the lobes thus, rotate at same 
speed but in opposite direction. 

Clifford J.Weinpel ., et al.[2] 
Many material handling plants need to transfer large quantities often times 
over long distances. As a result, the power consumption of the conveying 
system is of prime importance, In pneumatic conveying, the power 
consumption is a function of the system design, transfer rate and 
conveying length. 

Bhandari V. B . , et al .[3] 
“Design of Machine Element”, Design consists of application of scientific 
principles, technical information & imagination of development of new or 
improvised machine or mechanism to perform a specific function with 
maximum economy & efficiency. It is necessary to have design related 
basic information about various components of blower before attempting 
to design steel shaft and lobe. The design of steel shaft is based on the 
ASME standards. 

Bureau of Energy Efficiency (BEE) . , et al. [3] 
Government of India. Energy Efficiency GuideSee - tech solutions pvt . 
Ltd. to achieve a significant improvement in energy efficiency in the 
technology of air blowers for small volume flows (300 to 5000 m³/h), a 
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technology step is needed. The technical evolution in this blower market 
for small volume flows is 

Giovanni Mimmi. , et al. [10] 
The instantaneous variation of pressure loads acting on the rotors of 
positive displacement rotary blowers may produce vibrations and noise 
that in some case produce the failure of the machine and of the piping. In 
a previous paper the authors determined the pressure loads acting on the 
rotors, starting from the geometry of the chambers that are formed during 
the rotor meshing and the thermodynamic transformation of the working 
fluid. The calculation of the loads has been made in a quasi-static manner. 
In this paper the model has been improved by taking into account the 
effects due to a closed volume chamber at the discharge. This assumption 
better reproduces the real cases and allows the researchers to perform 
more efficient calculations and more reliable predictions 

Takahashi Norio. , et al  .[10] 
The efficiency and materials cost of a linear oscillatory actuator (LOA) 
for a diaphragm blower depends on the design of magnetic circuit but 
analysis (FEM) force conversion. Therefore, it is necessary to optimize 
the magnetic circuit in order to develop a high efficiency and low price 
LOA by employing the magnetic field analysis method  . In this paper, the 
3-D multi-objective optimization of LOA with large magnetic force and 
small magnet volume is carried out using the combined 3-D finite element 
method (FEM), evolution strategy . 

 

 

 

 

 

 

 

 



 
A GUIDE TO TWIN LOBE BLOWER AND ROOT BLOWER TECHNIQUE 

9 

 

 

 

 

 

 

 

 

Chapter-4 

Experimental Setup 



 
A GUIDE TO TWIN LOBE BLOWER AND ROOT BLOWER TECHNIQUE 

10 

4.1 Basic Twin Lobe Rotary Air Blower Principle 
This article is focused on Twin Lobe Blowers also popularly known as 
Roots Blowers-on the name of its inventors. TWIN Lobe Rotary Air 
Blowers belong to the category of Positive Displacement Blowers. They 
consist of a pair of in volute profiled (shape of 8) lobes/rotors rotating 
inside an oval shaped casing, closed at ends by side plates. One lobe is the 
driving lobe, which is driven by the external power while the driven lobe 
is driven by a pair of equal ratio gears. Both the lobes thus, rotate at same 
speed but in opposite direction. 

 
Fig-4.1: Operation of twin lobe blower [1] 

As the rotors rotate, air is drawn into inlet side of the cylinder and forced 
out the outlet side against the system pressure. With each revolution, four 
such volumes are displaced. The air, which is 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 ‘SLIP’. There is no change in 
the volume of the air within the machine but it merely displaces the air 
from the suction end to the discharge end, against the discharge system 
resistance i.e. no compression takes place in the machine. Since the lobes 
run within the casing with finite clearances, no internal lubrication is 
required. The air, thus, delivered is 100% Oil Free. These blowers deliver, 
practically, a constant flow rate independent of the discharge pressure 
conditions. The flow rate is dependent, largely on the operating speed. 
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4.2 System Pressures / Back Pressure on Blower 

 
Fig-4.2: System pressures on blower [1] 

There is no compression or change in volume within the machine but the 
Blower works under system back pressure conditions. To illustrate 
further, let us consider a case when the discharge of a Blower is connected 
to the bottom of a tank, having water to a depth of ‘H’ mm. The air-
discharged accumulates in the discharge line until sufficient pressure is 
built (slightly over ‘H’ mm of WG), when it starts to escape out. The 
system resistance or the static load on the Blower is thus ‘H’ mm WG. 
The power consumed by the blower depends upon the flow rate and the 
total pressure head on the blower 

 
Fig-4.3: Casing lobe on blower [1] 
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Fig-4.4: Total pressure across the blower [1] 

The total pressure across the Blower is taken as the pressure across the 
inlet and the discharge port of the Blower. The pressure drop through inlet 
accessories and discharge accessories are a part of system drop. The figure 
above indicates Pa as the ambient pressure. Ps is the pressure at the 
suction port which is slightly below the ambient due to suction filter and 
silencer drop. Pressure (Pd) is the pressure at the discharge port of the 
Blower and Ps is the actual system back pressure. As seen from the curve 
the total work done by the Blower is to raise the pressure of inlet volume 
from Ps to Pd. Ideally, the blower is capable of resisting high pressures 
but the mechanical limitations, increased power intake, temperature rise 
and increase in ‘SLIP’ restrict the working pressure head to about 
7000mm WG for Air cooled Blowers and 10,000mm WG for Water 
Cooled Blowers in single stage operation. 

It is therefore, important to ensure that the drop between Pa and Ps (Inlet 
drop) and Pd and Ps (outlet drop) should be as low as possible. This can 
be achieved by using adequate size piping and large radius bends 
wherever possible. 
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The Blowers are generally selected for the maximum system pressure, 
which they may encounter during operation and the prime mover is 
selected accordingly. When in operation, the Blower offers a considerable 
power saving since the power consumed by it depends upon the actual 
working pressure under which it operates and not the rated pressure. 

4.3 Generally Used Terms 
1. Ambient Pressure :Absolute pressure of the atmospheric air in the 

vicinity of the blower . 
2. Absolute Pressure :Is the pressure measured from absolute zero i.e. 

from an absolute vacuum. It is the algebraic sum of the atmospheric 
pressure and gauge pressure. 

3. Gauge Pressure :Pressure measured above the atmospheric pressure. 
4. Static Pressure  :Is the pressure of the gas measured in a manner that 

no effect due to velocity of gas stream is recorded. 
5. Velocity Pressure :Is the pressure solely due to velocity head. 
6. Total pressure: Is the total system pressure i.e. sum of static 

pressure and velocity pressure. 
7. Pressure Ratio/Compression Ratio : Is the ratio of absolute 

discharge pressure to absolute inlet pressure. 
8. Swept Volume of Blower  :Volume swept by one revolution of the 

blower. 
9. Actual volume flow rate  :Actual volume flow rate of gas 

compressed and delivered at the standard discharge point, referred to 
conditions of total temperature, total pressure and composition, 
prevailing at the standard inlet point. Also referred as FAD (Free air 
delivery),inlet conditions. 

10. Standard volume flow rate :Volume flow rate of compressed gas as 
delivered at the discharge point but referred to standard inlet 
condition of total pressure, total temperature, and composition (1 bar, 
20 °C, R.H. 36%). 

11. Normal volume flow rate :Volume flow rate of compressed gas as 
delivered at the discharge point but referred to NTP condition of total 
pressure, total temperature and composition (1 bar, 0 °C). 
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12. Compressed Volume flow rate :Volume flow rate of gas at the 
discharge referred to conditions of total temperature, total pressure 
and composition, prevailing at the discharge point. This is generally 
not used. Rotary Air Blowers are widely used in applications 
demanding medium pressures and relatively large flow rates. 

4.4 Water Treatment Plants 
1. Effluent Treatment Plants :For diffused aeration and agitation of 

effluent. 

2. Cement Plants  :For Blending, Aeration, Fluidization, and 
Conveying. 

3. Slurry Agitation :  For maintaining the B.O.D. / C.O.D 

4. Aquaculture :For Maintaining the dissolved oxygen level. 

5. Biogas Boosting :Transferring of Biogas from gasholder to boiler. 

6. Flocculation :To increase the removal of suspended solids in 
primary setting facility. 

7. Chemical Plants :For supplying of process air. 

8. Electroplating Plants :For Oil free air agitation of electrolyte to 
maintain uniform density. 

9. Paper Plants :For Coating of paper/Knif edge . 

10. Yarn Drying :Vacuum/Pressure Drying of yarn. 

11. Polyester Chip Conveying &Drying :For transfer of polyester 
Chips. 

12. Reverse Jet Filters  :For reverse cleaning of Filter bags. 

13. Pneumatic Conveying :Vacuum, Pressure and Combination 
Conveying of cereals, cement, husk, baggage, granules, powder sand 
other similar material. 

4.5 Piping Selection 
It is important to ensure that the system back pressure across the blower 
i.e. the sum of all the pressures such as drop across the filter, silencer, 
discharge pipeline and the final system drop do not exceed the specified 
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limits. The power consumed by the blower is directly proportional to the 
discharge pressure / system back pressure. A good system layout would 
offer power saving and higher efficiency. It is, therefore, important to 
ensure that proper care is taken during piping design and installation.[10] 

Pressure losses in ducting are caused by skin friction, flow separation, 
change in flow direction due to bends, turbulence, and restrictions to flow 
caused by valves etc. Any saving in the pressure loss is a direct saving on 
the power consumed. 

4.5.1 While duct designing the following should be taken care of 
Size the pipeline to maintain average air velocity of 15-20 m/sec. High 
velocity results in higher Skin Friction loss and higher Dynamic Velocity 
head. The Frictional losses are a function of velocity and pipe surface 
conditions so ensure that smooth pipes are used. 

Dynamic losses occur due to sudden changes in the direction and the 
magnitude in the path of flow. Avoid Bends and sudden changes in cross 
sectional areas to minimize losses. Dynamic losses, apart from the normal 
frictional losses, result when a fast moving air stream suddenly expands or 
contracts due to change in the cross sectional area. The impact on 
dynamic loss for sudden contraction is less than sudden expansion. In 
sudden expansion the flow is separated giving rise to turbulence and an 
additional pressure drop. Sudden contractions cause acceleration in flow, 
which tends to prevent flow separation. 

4.5.2 Use of transition pieces of correct angles 
The diffuser transition piece should have angle between 8 to 10 Deg. and 
the nozzle-transition piece should have 30-35 Deg. Dynamic losses caused 
by changes in flow direction can be significant. If the flow cannot adjust 
quickly enough to follow a sharp pipe turn, flow separation & turbulence 
occurs giving rise to additional pressure drop. Keep the ratio of mean 
radius of the bend to pipe diameter at least 1.5-2. 
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Fig-4.5: Diffuser transition piece 

[1] 

 
Fig-4.6: Flowchart of Phase I & II 
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4.6 Blowers 

4.6.1 Introduction 
The rotary blower evolved from a design of a water wheel invented by the 
Roots brothers for their woolen mill. The device consisted of two counter-
rotating wood unsaddles or impellers inside a casing. Water, guided 
through the machine, forced the impellers to rotate, turning the shaft and 
driving the machinery until the wood swelled and the impellers stuck. 
After it had been re-built and prepared for operation, the action of the 
rotors forced a quantity of air through the unit. 

The brothers decided that they had a better blower than a water wheel, 
which led to the rotary positive-displacement blower, now known 
throughout the world (sometimes referred to as the “Roots blower”). 
Today there are several major blower manufacturers worldwide. The first 
major use was in foundry cupola furnaces and the first two experimental 
machines were tested in foundries. Many blowers were later manufactured 
for this service, and, in 1872, the Engineering Journal recorded a large 
blower for the West Cumberland Hematite Iron Works in England. 
Another major use was for mine ventilation, a relatively new field. Rotary 
positive displacement blowers constituted some of the largest installations 
of the 19th century. By 1870, several were already in use for ventilating 
mines of the Comstock Lode. 

Two of the largest blowers ever built were installed in England in 1877. 
The impellers each had a diameter of 25 feet, 13 feet wide, and a blower 
capacity of200, 000 cubic feet per minute. A London engineering journal 
concluded that the rotary positive displacement blower was the most 
efficient type thus far. Still other early uses were in pneumatic conveying, 
aeration and agitation of liquid, supercharging and scavenging of large 
diesel engines, and for various vacuum processes. 

Of the many services to which the blowers were applied, perhaps the most 
spectacular was in a subway constructed in 1867 beneath Broadway 
Avenue in New York City. The blower had an iron casing 22 feet high 
and impellers 16 feet long. The “Western Tornado,” as the blower was 
called, provided the power for a22-seat passenger car which ran on tracks 
between Murray and Warren Streets. The car was literally blown to one 
end, and then sucked back on its return trip by the action of the unit. The 
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system was the subject of an article in The American Heritage of 
Invention & Technology. 

4.6.2 Technical Details 
The rotary, positive displacement blower works on a very simple 
principle. See Fig. 4.7. As the drive shaft is rotated, the impellers turn in 
opposite directions with very finite clearances between each other and 
between the rotors and the casing. As each impeller passes the inlet, a 
measured quantity of air is trapped between the impellers and the casing. 
As the shafts continue to rotate, this “pocket” of air is transported around 
the casing to the discharge side of the machine, where it is then expelled 
through the port, against the pressure prevailing in the discharge line. 
When this occurs, a back flow of air into the “pocket” from the higher 
pressure discharge line produces a constant volume pressure rise, causing 
a pressure pulse resulting in noise. As a “pocket” of air is expelled four 
times with each revolution of the drive shaft, or twice with each impeller, 
the fundamental frequency of the pressure pulse is four times the shaft 
speed. 

 
Fig-4.7: Blower operating principle 

The displacement, or swept volume, of the blower (not considering any 
leakage losses)is the theoretical volume, in cubic feet per revolution, 
which the unit will transport from inlet to discharge in one revolution of 
the drive shaft. The term is usually expressed as “cfr”. Fig.4.8 shows the 
area “A” which, when multiplied by the impeller length, represents the 
volume of each of the four “pockets” as the machine rotates. Therefore, 
this volume times four is the displacement or “cfr”.It is calculated by the 
following equation: 
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Fig-4.8: Theoretical Volume 

It is important to note that the cfr multiplied by shaft speed (RPM) equals 
the gross displacement of the machine in cubic feet per minute. Net 
displacement will be discussed later. While most applications for rotary 
positive displacement (PD) blowers involve handling air, the machine 
also is capable of handling any number of gases, from hydrogen to steam 
to natural gas to ethylene or, of course, nitrogen. Proper attention must be 
given to seals as well as performance calculations and limitations, all of 
which will be discussed later. In addition, they perform very well under 
vacuum conditions as well as pressure. Further comments will be made 
later, relative to vacuum operation 

When the connections are on the top and bottom, the unit is designated as 
a “Horizontal” machine and when the connections are on the sides, it is a 
“Vertical” machine. The designation has nothing to do with the direction 
of gas flow but comes from the orientation of the blower shafts, i.e., when 
a plane intersecting the shafts is horizontal, the unit is so designated. 
Conversely, when the plane is vertical, the machine is designated as 
vertical. Some units can have the inlet connection on the top and the 
discharge on the side. Since a plane through the shafts establishes the 
definition of the orientation, this would be a “Horizontal” machine. This 
issue is critical when designating the specifics of a blower as some 
manufacturers define the orientation differently. 
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Fig-4.9: Horizontal Blower 

 
Fig-4.10: Vertical Blower 

Typically, rotary blowers are designated by their gear diameter and 
impeller, or cylinder, length. Thus a 6 x 12 (or 612) has a 6" diameter 
timing gear and a 12"impeller or cylinder length. The impeller diameter is 
somewhat greater than the gear diameter, depending on the specific 
design. Generally, the impeller OD is 1.5to 1.625 times the gear diameter. 
Practically, the impeller length is no longer than4 times the gear diameter. 
Any greater length increases displacement, to the point where there are 
problems in physically getting the volume of air in and out of the casing 
connections without serious aerodynamic losses and difficulty in 
maintaining stability in the casing. 
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Theoretically there is no limit to the size of a PD blower; however the 
practical aspects of the design impose certain limits. The largest size 
currently in production in the world is the 36 x 72 which handles about 
58,000 inlet cubic feet of gas per minute, is rated at 12.5 psi pressure 
differential, runs at 513 rpm and requires a3500 hp motor. Standard sizes 
stop at 20" - 26" gear diameter, depending on the manufacturer, and are 
rated at about 43,000 cfm and 10 - 15 psi differential. The smallest units 
are rated at less than 10 cfm, requiring fractional hp motors. 

Practically speaking, the PD blower is limited to a compression ratio of 
about2:1, due to temperature limits that we will discuss later. A 2:1 ratio 
means approximately15 psig on air pressure service or about 15" Hg 
vacuum on vacuum service. As will be discussed later, there are ways to 
overcome this ratio limit with special designs. In terms of working 
pressure, these units normally are limited to 25 psig, as a standard. Under 
certain conditions, or with specific sizes or designs, however, this rule 
also can be circumvented. 

Fig-4.11: Small Rotary Blower             Fig-4.12: Large Rotary Blower 

As discussed earlier, the two parameters used in blower sizing are gear 
diameter and cylinder, or impeller length. These must be considered in the 
design phase. Looking at a blower, it is obvious that the impellers are 
simple continuously loaded beams, supported on both ends by the 
bearings. The loading across the beam is the differential pressure between 
discharge and inlet. The bearings, of course, take the entire radial load 
and, theoretically, there are no axial thrust loads unless timing gears are 
helical type. Obviously, the larger the impeller/shaft diameter, the more 
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loading the rotor can take. Conversely, the longer the impeller, or the 
wider the bearing span, the less loading the rotor can take without undue 
deflection. The pressure differential acting on the impeller creates a 
loading with a value of the pressure differential times the area of the 
impeller. A “square” blower is one in which the gear diameter is equal to 
the impeller, or cylinder length. These considerations are used in the 
design concept of a PD blower called “square loading.” The design square 
loading of a blower line, simply stated, is the maximum pressure 
differential that a “square” blower can withstand without harmful 
deflections that would exceed the clearances within the unit and/or 
seriously detract from its life. As stated earlier, the load capability is 
directly proportional to the diameter and inversely proportional to the 
length of the impeller. Since the impeller diameter is proportional to the 
gear diameter, the maximum load is directly proportional to the gear 
diameter. Therefore, for any given size of unit, the following relationship 
is useful: 

 
Thus, within a line designed with a square loading of 18 psi, a size 10 x 
10would be capable of a maximum pressure differential of 18 psi, while a 
10 x 30 in the same line would be rated at 6 psi. 

The design considerations that come into play when determining the 
square loading of a line of blowers are: 

1. Shaft size, material and stiffness 

2. Bearing size, rating and location 

3. Impeller profile and stiffness 

4. Gear design and location 

5. Gear attachment design 

As the bearings on a PD blower carry the radial load, and since the radial 
load is directly proportional to the pressure differential, bearing load, 
therefore, is dependent on the design square load. 
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4.7 Thermodynamic Cycle Theory 

PRESSURE POWER 

 
Fig-4.13: Thermodynamic Cycle Theory 

A PD blower theoretically operates on a “square card” cycle. That is to 
say that the power required is dependent upon the flow and the pressure. 
As Figure 4.8shows, moving from A to D around the diagram, air enters 
the blower (A to B), compresses it (B to C), and expels it to the discharge 
(C to D). The cycle then is repeated with air entering at inlet pressure. The 
power is represented by the area inside the square, showing that the power 
is proportional to the flow and pressure, [10] 

 
Dimensionally: 

 
And: 

 

 

 
or 

 
4.8 Limitations 
As with any machinery, there are limits to the manner in which a PD 
blower can be applied. Specifically, these limits are: 
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Temperature rise 

Discharge temperature 

Pressure differential 

Working pressure 

Shaft speed 

4.8.1 Temperature Rise 
Temperature rise is defined as the difference between inlet and discharge 
temperature. The increase in temperature is caused by the heat of 
compression, in accordance with the gas laws, including inefficiencies. 
Going back to the basic blower construction, it is evident that the 
impellers “see,” alternately, inlet and then discharge temperature. Their 
average temperature should be the average between those two values. The 
casing, on the other hand, will “see” not only inlet and discharge 
temperature, but will also “see” ambient temperature on the external 
surfaces. The cylinder, therefore, will be at a lower average temperature 
than the impellers. Therefore, the impellers will tend to grow more, and 
faster, than the cylinder, creating differential expansion, which causes the 
end clearance between the impeller and the head plates to reduce. Further 
temperature rise due to increased compression ratio will result in impeller-
head plate contact, which will ultimately cause failure of the blower. 

4.8.2 Discharge Temperature 
Several problems occur when the discharge temperature increases to 
levels higher than recommended. Firstly, due to heat transfer, the lubricant 
begins to breakdown at temperatures above its limits. When this occurs, 
not only does the lubricant lose its qualities, but carbon begins to form, 
causing further problems to oil flow and rubbing surfaces. The higher 
temperatures also can result in reduced bearing life, as the bearing 
materials begin to break down due to the impaired lubricity. Gear life can 
be affected for the same reasons. There also could be damaging thermal 
distortion of parts, causing misalignment and, perhaps, even failure, due to 
the extreme temperatures. Finally, seal failure likely would occur as the 
materials in the seal parts are subjected to the higher thermal stresses. 
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4.8.3 Pressure Differential 
There are specific problems related to exceeding the pressure differential 
design ratings. We have related bearing life to pressure differential, and 
that the bearings take the radial load caused by the pressure differential. 
Added load, therefore, will bring about reduced bearing life. Increased 
pressure differential also causes increased shaft stresses and there must be 
limits to avoid excessive deflections and possible fracture of the shafts. 
The torque requirements of a rotary blower vary directly as do the 
pressure differential. Since the timing gears see this torque, increased 
pressure differential means increased loads on the gears. The gears have a 
finite design life, dependent on pitch line speed and loading. Therefore, 
gear life is dependent upon pressure differential. 

Due to the deflections resulting from increased pressure differential, the 
clearance son the inlet side of the unit, between the impellers and the 
cylinder, begin to close up. This happens on the inlet side, because the 
force that causes the deflections equal to the pressure differential from 
discharge to inlet times the projected area of the impeller. The pressure is 
higher on the discharge side, thereby forcing the impellers to deflect 
toward the inlet. If deflection causes the available clearances to be taken 
up, contact is made and the resulting rub can cause failure. Increased 
compression ratio causes increased temperature rise. Assuming that the 
inlet pressure remains constant, an increase in pressure differential means 
an increase in compression ratio and, therefore, an increase in temperature 
rise. Excessive temperature rise causes the end clearances to close up, 
causing the eventual rub and, thence, failure. 

As previously stated, there is a definite pressure pulse that occurs four or 
six times per revolution depending on number of lobes per rotor. This 
pulse is proportional to the pressure differential and causes vibration and 
noise. Therefore, as the pressure differential is increased, noise and 
vibration also increase. These vibration sand noise levels are reasonable 
when held within limits, but excessive values can be destructive. 

4.8.4 Working Pressure 
The normal maximum working pressure of a typical PD blower is 25 psig. 
This limit basically is a result of the casing design. Exceeding the design 
value can resulting potentially damaging distortions, internal rubs and 
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possibly even casing fracture.As with any vessel containing air or gas, one 
must be extremely cautious about controlling internal, or working, 
pressures. 

4.8.5 Shaft Speed 
Every blower is limited on shaft rotational speed. Displacement and 
torque are proportional to rotational speed, affecting both bearing life and 
gear life. In addition, noise and vibration will increase, perhaps to 
dangerous levels, if the shaft speed is allowed to rise beyond reasonable 
values. Also, as the rpm is increased, the stresses on the rotating parts go 
up, approximately as the square of the rpm. Excessive rpm, then, can 
result in break-up of the unit. 

4.8.6 Slip 
This term in blowers refers to the leakage flow from discharge to inlet. 
Finite clearances must be maintained within the PD blower for it to 
continue operating at design efficiency. As the blower impellers rotate, 
carrying the “pockets” of air from the inlet to the discharge, one side of 
each impeller is exposed to discharge pressure while the other side sees 
inlet pressure. There is a clearance, or leakage path, between the two 
impellers and between the impellers and the casing. These leakage paths, 
along with the pressure differential, allow a certain amount of air from the 
pocket to “slip” back through from discharge to inlet. The ends of the 
impellers, in close proximity to the head plates, are further leak paths. The 
total of these leak paths must be accounted for in performance 
calculations. It has been shown for specific applications that about 2/3 of 
the slip occurs between the impellers and between the impellers and 
cylinder and 1/3 around the ends of the impellers. We will discuss the 
specifics of this relationship later. 

A feature of some air-moving and compressing devices is a ratio called 
“Volumetric Efficiency”, or “VE.” We can apply this characteristic to the 
rotary blower and slip becomes a part of the definition. VE is defined as 
the ratio, expressed as a percentage, of the actual to theoretical (or ideal) 
displacement(flow),or 

 



 
A GUIDE TO TWIN LOBE BLOWER AND ROOT BLOWER TECHNIQUE 

27 

Flow is defined as actual inlet flow and Theoretical Flow is cfr x rpm. 

Since slip detracts from the theoretical displacement and since slip can be 

Expressed as flow, the above becomes: 

 
Gross and netdisplacementwas discussed previously. The Theoretical 
Flow from the above is gross displacement and the Actual Flow is net. 
Typical VE’s fora rotary blower range from about 95% for a large 
machine at maximum rpm/minimum pressure differential to as low as 
65% for a small machine at low rpm/high-pressure differential. 

A means of reducing slip is to inject a controlled amount of water or other 
fluid into the inlet of the blower along with the gas stream. This liquid 
disperses inside the casing and tends to fill up the clearances, effectively 
reducing the available slip paths. This concept is used most effectively on 
vacuum service where compression ratios, and therefore slips, are 
relatively high when operating dry. The addition of the liquid also reduces 
temperature rise and tends to flush out any contaminants, which might 
otherwise build up on the internals. Certain precautions must be 
considered, however, and these will be treated later. 

4.9 Design Features 
Some of the blower’s design features have already been discussed, 
however the reared many variations, not only from model to model, but 
also from manufacturer to manufacturer. These include: 

4.9.1 Impellers 
The most important part of the blower is the impeller. Impellers normally 
are cast grey iron with a typical variation being cast ductile iron for 
greater strength. In extreme cases, where corrosion or erosion resistance is 
required, they also can be cast or fabricated of stainless steel or coated 
with various materials. The other variation in impellers is in the profile. 
The typical impeller lobe profile is generated by an involute curve. This 
curve allows the impellers to rotate in conjunction with and in close 
proximity to one another without coming into contact. It is an efficient 
profile and relatively easy to form on various machine tools. When the 
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involute impeller rotates, however, there is a point at which the clearance 
locus jumps from one point to another. As this occurs, there is a brief 
instant when a small volume is trapped between the impellers. 

While this causes no problems on normal air service, if there are 
significant or uncontrolled amounts of liquid entrained in the gas stream, 
the effect is an attempt to compress this liquid as the impellers continue to 
rotate. Liquid does not compress, so the impellers are forced apart by the 
liquid for an instant. This can be damaging to the unit as it may cause 
internal contact. Where there is a possibility of significant liquid 
entrainment, slightly different profiles can be selected. 

These water-handling profiles are designed to allow a rolling or sweeping 
motion to the clearance loci rather than the jumping motion as with the 
involute. Therefore, there is no opportunity for the liquid to cause the 
deflection as with the involute profile. Various profiles for this purpose do 
not provide as much displacement as the involute. In addition, they are 
more difficult to form in the manufacturing process. These profiles are 
very useful, however, when applying the PD blower 

On vacuum service, In this service, a liquid, usually water, is purposely 
sprayed into the blower inlet to aid in sealing the clearances to make the 
machine more efficient and, as a bonus, the water keeps the unit cool, as it 
carries away the heat of compression, allowing the unit to achieve a 
higher compression ratio. 

Staging these units permits the compound machine to meet requirements 
as low as 27" Hg. vacuum (3" Hg. absolute) or to a level near the vapor 
pressure of the sealing liquid. While these special impeller profiles have 
been developed for water-sealed applications, recent efforts to utilize the 
involute profile with are deuced controlled water flow have been quite 
successful. 

Three standard profiles are utilized by most manufacturers – Involute, 
High Displacement Liquid Passing, and Cyclical, the latter two typically 
used for water-sealed vacuum service. The three profiles are shown in 
Figure 4.8. Recalling the previous discussion on displacement, which is 
calculated as? 
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The “K” for each profile varies, being greatest for the in volute profile and 
smallest for the cycloidal. The cycloidal, however, provides an impeller 
having a high degree of tolerance for water flow. In fact, the cycloidal 
profile also has been used as a water pump. 

 
Fig-4.14: Comparison of Rotor Profiles 

4.10 Three Lobe Blowers 
More recent designs include three lobe blowers with some changes in 
operating characteristics. 

The basic operation of a rotary three lobe type position displacement 
blower with recompressions passage is illustrated (Fig.4.15) as follows: 

 
Position 1              Position 2               Position 3               Position 4 

Fig-4.15: Basic Operation of Three Lobe Blowers [17] 
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In position 1 
Flow is top/bottom from blower inlet to discharge; the left impeller is 
mounted on the driving shaft then rotates counterclockwise and delivers a 
volume into the discharge pressure side. At the same time, space (B) 
between the impeller and the cylinder wall is filling with another and 
equal volume at inlet pressure. It is about to be sealed off by the 
counterclockwise rotation of this impeller. The space (C) is progressively 
filled and compressed with discharge volume through the pre-compression 
passage. 

In position 2 
The inlet area sealed in (B) and discharge pressure starts to enter space 
(A) through the recompression passage as rotation continues. 

In position 3 
Volume (C) is delivered to the discharge pressure side in the same manner 
as volume (A).Because of the almost complete pressure equalization 
through the pre-compression passage, no sudden shock will occur. 

In position 4 
The inlet area volume sealed in (C) and the discharge pressurized volume 
entering space (B)start to enter through the precompression passage in 
(C). Volume (A) is delivered to the discharge side and the volume in (B) 
will also start delivering with (A) as soon as the rotation reaches the outlet 
side. 

4.11 Performance Calculations 
The process of calculating the performance of a PD blower is relatively 
simple. Certain facts needed for a blower selection are: 

If air, calculate, using RH %. Also can use S.G. (MW/28.97; 

 
If dry air,  

4.12 Slip 
The term “slip” is the amount of air that “slips” back from discharge to 
inlet through the clearances and is expressed in icfm. It is a loss that must 
be accounted for in the shaft speed required to achieve the specified 
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amount of delivered flow. Slip depends upon the blower inlet conditions 
and discharge pressure. It also depends upon the clearances within the 
blower, but for a given size, this parameter is a constant. Each blower 
model, at any given set of conditions, can be expected to “slip” a certain 
amount of air back to inlet. In order to calculate for the specific set of 
conditions where the unit is expected to operate, we start with a known 
quantity and then correct that figure for the actual conditions. The known 
quantity, established through testing, is called 1 psi slip. This quantity is 
the rpm at which the blower must operate, with the discharge blocked off, 
to establish a pressure of1 psi on a manometer connected to the discharge 
port. The significance of this is that, with the discharge blocked, all the air 
coming in at the inlet port is “slipping “back to the inlet. Therefore, since 
the displacement times the rpm equals the flow rate, and the displacement 
is constant for a given size, the slip can be expressed in unit is water rpm 
and referred to a standard set of test conditions. The 1 psi slip then can be 
calculated as follows: 

Inlet Pressure = 14.7 psi 

Inlet Temperature = 68°F (528°R) 

Inlet S.G. = 1.0 

Pressure Differential = 1.0 psi 

To correct for actual or specified conditions, the following equation 
applies: 

 
Slip can be reduced if the injected, as will be discussed later. 

4.13 Inlet Volume/Shaft Speed 
It has been pointed out that the PD blower’s capacity is expressed as 
displacement time rpm. The rpm, as used here, is “effective” rpm, or the 
actual shaft speed less the slip rpm. The method of calculating either 
actual rpm for a given inlet flow or flow for a given shaft rpm is shown in 
this equation: 
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Conversely, for a given flow: 

 
4.14 Brake Horsepower 
As discussed earlier, a PD blower operates on a “Square Card” cycle. The 
process for calculating the brake horsepower also includes a factor to take 
friction losses into account. Thus, brake horsepower is a combination of 
two components: 

 
As explained previously, ghp is calculated as follows: 

 
Friction horsepower, fhp, is dependent upon rpm and model/size of 
blower and is generally a calculated number, using an empirical figure as 
a starting point, and corrected for rpm or gear speed by some exponent of 
the ratio of the standard to the actual rpm. The actual number is available 
from curves. If the unit is water injected further amount of HP must be 
added to pump the water. 

4.15 Temperature Rise 
Often it is necessary to estimate discharge temperature and sometimes an 
absolute requirement to know delta-T, to insure that the application does 
not exceed the maximum rating of the blower in question. Following is 
the equation for this calculation, 

For air service: 

 
Modifications in the above are required if the blower is handling a gas 
other an air or if the unit is water injected. 
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4.16 Blower Performance Characteristics 
The basic characteristic of PD blowers is that they provide a relatively 
constant inlet volume under variable pressure conditions. These blowers 
provide high volumetric efficiency and incorporate many design features 
that contribute to job versatility and economical installation. There are no 
valves or vanes, reducing maintenance and replacement costs. Completely 
enclosed construction achieves compactness, provides protection against 
dust and makes the unit suitable for either indoor or outdoor installations. 

Pressure is not developed inside the blower, but by the demand of the 
system. Discharge pressure, therefore, varies to meet the system’s load 
conditions of pressure vs. flow. Relief valves normally are required to 
relieve pressure when flow is restricted to the point that the pressure can 
rise beyond design limits of the blower. 

Volume is almost constant with pressure except for a slight increase in 
slip as the pressure rises. Horsepower is nearly proportional to pressure 
differential and rpm. At a given pressure differential, the hp is 
proportional to shaft speed (rpm). 

Ata constant rpm, hp is proportional to pressure differential. Thus, torque 
varies directly with pressure differential. The unit is defined as a “constant 
torque “machine for purposes of determining the necessary characteristics 
for drivers, especially variable speed motors. This is opposite from 
centrifugal compressors, which are classified as “variable torque” devices. 
The characteristics of the PD blower make it ideal for low pressure 
applications and vacuum service. It delivers essentially oil-free air and 
drivers can be sized accurately to the pressure or vacuum requirements. 

In two-stage operation, where the discharge flow of one higher 
displacement machine is directed into the inlet of another, smaller 
displacement unit, higher pressures or lower vacuum levels can be 
achieved at significant power savings. The application of two-stage 
blowers normally is a job for the more advanced technician and these 
selections generally are done at the factory. The basic concept of two-
staging is that the actual flow from the first stage must be compressed to a 
level that can be accepted by the smaller displacement second stage. Until 
the flow from the first stage is compressed to a flow that the second stage 
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can handle, the pressure continues to rise across the first stage. It is critical 
that the first stage does not exceed its maximum pressure differential. 

Therefore, the relative sizes of the two stages are critical. As a vacuum 
pump, a two-stage blower typically utilizes an inter-stage bypass to allow 
the excess flow to circumvent the second stage until the compression ratio 
across the first stage is sufficient to permit the second stage to accept the 
flow. 

4.17 Selection Procedures 
There are several methods used to select and determine the performance 
of a blower for a given set of conditions. These are: 
Performance charts 
Performance curves 
Computer Programs 
Charts or curves are established from the basic calculations discussed 
earlier, using the standard conditions in the process. As the calculation 
procedure allows for variations in inlet temperature, pressure, S.G., etc., it 
is the best method to use if accuracy is important. It can be a laborious 
task. However, computer programs today simplify the process 
considerably; allowing any number of different sets of conditions to be 
calculated with ease and rapidity. This term scfm is used in many 
customer specifications but often is the source of confusion. scfm means 
“Standard cubic feet per minute” but must be defined properly since 
different people use different standards. (The definition of Standard Air 
(or a Standard atmosphere) adopted by the Compressed Air & Gas 
Institute,conformingwith PNEUROP and ISO standards is: 
Pressure = 14.5 psia (1 bar); 
Temperature = 68 °F (20 °C); 
Relative Humidity = 0% 
ASME has used the definition of Standard air as: 
Pressure = 14.7 psi; 
Temperature = 68 °F; 
Relative Humidity = 36% 
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This gives air having a density of 0.075 lb/ft3. This is the definition for 
Standard air used in this Section for PD blowers. 

To convert from scfm to Inlet, or Actual flow (acfm) the standard and the 
actual conditions prevailing at the point of measurement, in our case the 
inlet of the blower, must be known. The equation for this conversion is as 
follows: 

 
From Steam Tables 

Relative Humidity, Temperature, Pressure and Barometer can have a 
profound effect upon the blower selection, but most importantly, on the 
horsepower calculated, since the bhp depends on the inlet volume used in 
the calculation. It is essential that performance data sheets spell out acfm 
and also provide the actual pressure, temperature and relative humidity 
conditions at the blower inlet. 

4.18 Gear Speed 
“Gear Speed” has not yet been addressed in this guide. It is a significant 
criterion, not only in noise considerations but in other rotary blower 
issues. Gear speed is defined as the velocity of the timing gear at the pitch 
line diameter of the gear. It is calculated by the following formula: 

 
The selection of silencers depends upon the blower gear speed as well as 
other criteria. Gear speed also is a parameter used in the calculation of 
bhp, in that Friction Horsepower and the Gas Horsepower Factor 
discussed earlier underperformance Calculations; require a calculation of 
gear speed in order to establish these elements. 

Further reductions of noise and vibration can be effected by following 
these guidelines: 
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Operate at slower rpm (or Gear Speed) 

Supply a motor rated at 5 dBA less than the final desired noise level 

Wrap silencers and piping with acoustic material 

Isolate the blower and base plate 

Complete enclosures, while effective for noise reduction, are sometimes 
inconvenient from a maintenance standpoint. However, in certain 
sensitive situations, this may be the only solution. 

4.19 Performance Calculations 
1) Single-Stage 
The process of determining speeds, horse powers, etc. for the water-sealed 
blowers or vacuum pumps is very similar to dry blowers. The differences 
lie in the calculation of slip, hp and discharge temperature. Gas and 
friction horsepower (ghp & fhp respectively) are calculated in the same 
manner as dry units, however an additional amount of hp must be added to 
allow for pumping the water. Discharge temperature is calculated from 
compression ratio across the unit and knowledge of the steam tables for 
purposes of determining the relationship between temperatures and vapor 
pressures of water at those temperatures. 

2) Slip 
Actual inlet flow is calculated in accordance with the manufacturers’ 
procedures, but the process roughly approximates the dry procedures, 
except for the reduced slip resulting from the water sealing. 

3) Horsepower 
The power calculations for a water-sealed unit are identical to the 
calculations for a dry machine except the power required to pump the 
water must be considered. 

Therefore, 

                                            (4.14) 

whp is the power to pump the amount of inlet water at thegear speed of 
the unit. 

The value depends on the manufacturer. 
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Note that whp can be significant. The total flow, including any from the 
system, must be considered in this calculation and the user must be 
cautious about possible overloads due to water flows significantly higher 
than the normal seal water flow. Such overloads can shut down the driver 
on high power or, if extremely high, they can damage the pump or other 
drive train components. 

4) Discharge Temperature 
Normal calculation of estimated discharge temperature assumes that the 
litany outlet flows are saturated with water vapor. From thermodynamics, 
at saturation the partial pressure of the water in the air stream is equal to 
the vapor pressure of steam at the temperature of the mixture. Therefore, 
assuming saturation of theair stream at inlet and discharge, and knowing 
the saturation pressures of steam from the steam tables, one can calculate 
the discharge temperature. The partial pressure of the vapor in the inlet 
gas goes through the same compression as the air 

From inlet to discharge and some of the seal water evaporates, thus 
maintaining saturation at the discharge. Therefore, the partial pressure of 
the vapor on the discharge side will be the partial pressure at inlet 
temperature multiplied by the compression ratio of the vacuum pump. The 
corresponding temperature from the steam tables gives the estimated 
discharge temperature of the mixture. 

 
From the steam tables, the discharge temperature of the mixture is the 
saturation temperature at VPd. 

The foregoing provides the basics for calculating performance for a water 
sealed single-stage rotary vacuum pump. The data sheets, curves, etc. 
referred to are provided in the manufacturer’s data books for the products 
in question. In addition, individual performance charts and curves, 
developed from these procedures are also available for estimating 
purposes. 

4.20 Twine &Three Lobe Blower 
The twine lobe blower is a two-rotor, positive displacement blower, 
providing constant volume, variable pressure, and oil free delivery of air. 
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This is shown in Figure4.13 and is commercially available in capacities 
ranging from 50 cfm to 6000 cfm and pressures to 20 psig and with 
special designs to 35 psig. They can be configured as two-stage blowers 
for pressures to 40 psig. 

The twine lobe blower employs two clockwise-rotating rotors, but unlike 
straight lobe blowers, the rotor profiles are different and the number of 
lobes are not necessarily equal. The meshing of the two three lobe rotors 
provides controlled compression (with internal volume reduction). Timing 
gears prevent rotor to rotor contact. 

The compression cycle, Fig.4.16, begins as rotation produces an 
increasinginter lobe cavity on the inlet side due to enmeshing of the rotor 
lobes. Air or gas is drawn into the rotor chamber until the length of the 
inter lobe cavity is filled. As further rotation continues, meshing of the 
rotors reduces the volume of the inter lobe cavity. As the gas is moved 
axially along the rotor length, in the ever decreasing inter lobe cavity, 
internal compression occurs until the rotors uncover the discharge port, 
releasing the gas to the discharge line. 

 

 
Fig-4.16: Compression of cycle twine and three lobe 
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Fig-4.17: Twine lobe blower different condition 

The timing gears maintain close rotor clearances. The rotors do not touch 
each other, the housing, or the bearing carriers. Although the clearances 
are small, lubrication in the compression chamber is not required, thus 
insuring oil-free air delivery. 

Technology and Theorem of Longtech’s Roots Blower 

The Principle of Longtech's Roots Blower 

Roots Blower compress air by two rotors' rotation. Rotors do not contact 
under high speed rotating. Although there is only a 0.1~0.3 mm gap 
between two rotors, it does not need adding lubricating oil between rotors. 
So it can transport cleanly and contain none oil moist air. 

  
Fig-4.18: Three lobe Bower 
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The Processes are as Follows 
1. Air input 

2. Embraced by cylinder and rotor 

3. Air discharge. 

Feature 
1. Lower energy consumption 
Three lobes' design control backflow pressure to rotor so it can reduce 
energy consumption. 

 
Fig-4.19: Two and Three lobe Discharge pressure 

2. Lower noise 
Pressure pluses are the major noise source of blower. 
Three lobes' design can efficiently reduce noise by approximately 5dB. 

3. Longer bearing life 
Less vibration transmitted through the lobe results approximately 20％ 
longer bearing life.(Conventional blowers result pressure pluses and 
vibration rob power and shorten the life of every bearing, gear and other 
drive train components.) 

4. Wide range for air volume, pressure and vacuum. 

5. Stable air flow and less pressure variation. 

6. Clean air and without oil moist. 

7. Construction simple and easy maintenance. 

8. Bearings are all lubricated by oil moist 
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Chapter-5 

Advancement for Steel 
Shaft & Root Twine Lobe 



 
A GUIDE TO TWIN LOBE BLOWER AND ROOT BLOWER TECHNIQUE 

42 

The manufacturing stage involves mainly manufacturing of rotor, lobe, 
housings, sleeves, end cap, gear covers etc. Initially the drawings of parts 
to be manufactured are prepared in 3D modeling software and 2D drafting 
in Auto Cad as well as in CATIA V5 R21. These drawings are used to 
prepare the process sheets as well as tooling drawings, quality plans etc. 

 
Fig-5.1: 2D lobe drawing 

 
Fig-5.2: 2D assembled lobe drawing 
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Fig-5.3: 2D assembled lobe position drawing 

 
Fig-5.4: 3D modeling of twine lobe 

5.1 Rotor & Lobe 
In order to create swept volume per revolution this item is used. The rotor 
is manufactured as stub shafts .The two shafts are manufactured on S.P.M. 
The holes in the rotor are provided for positive fastening of rotor to the 
lobe. 

5.2 Housing 
To hold the rotor subassembly this part is used with the help of bearing. 
There are two types of housings in a blower assembly viz. BB housing 
and RB housing.BB housing supports Ball bearing and RB housing 
supports Roller bearing. Both housings and Case forms an airtight 
assembly. 
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5.3 CASE 
This create working chamber & work as a space between two housings. 
Case is a central part of blower. On its one side RB housing is fastened 
and on another side BB housing is fastened. There are fins provided on the 
case outer periphery for effective heat transfer. [20] 

5.4 Gear Cover 
The gear cover acts as a housing for the pair of spur gears. It also acts as a 
sump for oil which is used for lubrication of the gear. 
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Chapter-6 

Design of Lobe and 
Shaft of Blower 
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6.1 Design 
Design consists of application of scientific principles, technical 
information & imagination of development of new or improvised machine 
or mechanism to perform a specific function with maximum economy & 
efficiency. 

6.2 Design of steel shaft and root twine blower 
It is necessary to have design related basic information about various 
components of blower before attempting to design steel shaft and lobe. 
The design of steel shaft is based on the ASME standards. For the design 
of shaft we know the various data for calculation. [ 3] 

6.3 Data available for steel Lobe 
Input data used for designing the steel shaft and lobe is as follows. 

Table No-6.1: Shaft Lobe details 
Sr. No. Specification Value 

1 Model Name SR069 
2 Material C45 
3 Sut= Ultimate tensile Strength 630 N/mm2 
4 Syt= Yield tensile strength 380N/mm2 
5 Shaft Power 44 KW 
6 Gear pitch circle diameter 117 mm 
7 Motor pulley diameter d1 315 mm 
8 Blower pulley diameter d2 190 mm 
10 Swept Vo l 6.9 lit./rev. 
11 Air Flow 1250 − 1330 m3/hr 

12 Max. Pressure 
1035m 

bar(Continuous/ 
Intermittent ) 

6.4 Design procedure for steel Lobe [20] 
The following procedure is followed to design steel shaft. 

6.4.1Torque at blower shaft 

 
=    120109.19 N-mm 
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=     120*103 N-mm 

6.4.2 Calculation for permissible shear stress 

According to A.S.M.E. code, 

 

 
Whichever is minimum 

 

 

 
= 113.4 

6.4.3 Calculation for Power transmitted [11] 

 
Also, 

 

 

 
6.4.4 Now for Vee belts [11] 

β = 200 = Groove angle 

μ = 0.25 = Coefficient of friction 

Angle of contact for blower pulley is, 

 

 
6.4.5 Calculation for Shear force and bending moment’s diagram: [13] 
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1) Vertical Plane:- 

 
Let, considering equilibrium for vertical forces, 

 

 

 

 
Now, considering equilibrium of moments at B, 

 

 

 
Now Bending moments at various positions are as follow- 

Bending moments at 

 
Bending moments at 

 

 
Bending moments at 
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Bending moments at 

 

 
Bending moments at 

 
Let, considering equilibrium for vertical forces, 

2) Horizontal Plane 

 

 

 

 
Now, considering equilibrium of moments at B, 

 

 

 
From equation (6.8), 



 
A GUIDE TO TWIN LOBE BLOWER AND ROOT BLOWER TECHNIQUE 

50 

 
Bending moments at 

 
Bending moments at 

 

 
Bending moments at 

 

 
Bending moments at 

 
6.5 Calculations for rotor diameter [20] 
Assuming minor shocks i.e. load applied suddenly, Kb=1.75 7 &ݐܭ = 
1.25. 

 

 
d=27.08mm 

After diameter is selected as factor of safety as 1.5. Then for the analysis 
purpose ANSYS software is used. For that purpose we select the material 
as C45. For that material, select the Young s Modulus as 0.27-0.30. 
Possions ratio as 190-200 GPA. Force acting at center of lobe is taken as 
20 kgf, For that analysis, we select the boundary condition. 
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6.6 Bearing Details [15] 

Table No-6.2: Bearing details 
Sr. No. Parameter Values 

1 Bearing Type Cylindrical Roller bearing 
2 Bearing inner diameter 45 mm 
3 Bearing outer diameter 100mm 
4 Bearing width 25 
5 Bearing number N309 ECP 
6 Dynamic load capacity 1, 12,000 N 
7 Static load capacity 1, 00,000N 
8 Limiting speed 8500 RPM 
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Chapter-7 

Analysis of Lobe Blower 
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7.1 Stress Analysis of Lobe Procedure 
The geometry of the model was created using CAD program based on the 
original shape of the model. The model is then imported to FEA program 
to perform the modal analysis. In the pre-processor stage, the FFE (fast 
finite element) solver used subspace method to calculate 20 modes in 
addition to any rigid body modes available in the model. The default FFE 
solver detects rigid body modes (modes with zero frequency) 
automatically. All the four bolts holes are fixed. In addition, the rigid 
body modes are not counted among the requested number of modes. In the 
solution processing stage, the program runs a linear static analysis to 
calculate the deformed shape and then calculates the frequencies and 
mode shapes. 

During the post processing stage, The mesh was generated by ANSA with 
hex elements. We also use ANSA to assignment of the materials 
properties, define contacts, and set appropriate boundaries and loadings 
during analysis. The operation of a specific code is usually detailed in the 
documentation accompanying the software, and vendors of the more 
expensive codes will often offer workshops or training sessions as well to 
help users learn the intricacies of code operation 

7.2 Stress analysis of lobe on shaft- 
The analysis of lobe on shaft is carried out in the Finite element analysis 
software named ANSYS .The actual load conditions are worked out .The 
boundary conditions are given. By using the ANSYS software, meshing of 
shaft is done [13]. 

The data used for preprocessor are 

Table No-7.1: properties of material 

Material Young’s Modulus Passions ratio 

C45 Y-190-200 G Pa. 0.27-0.30. 

The load conditions and boundary conditions of the lobe on shaft are as 
follow. 
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Fig-7.1: FE model meshing of lobe blower 

From the stress distributions on the model, the large concentrated stresses 
are on the root blower. They are equal to the tensile stresses. The tensile 
stresses are the main cause of crack failure, if they are large enough. 

Table No-7.2: Criteria for meshing 
Sr. No. Features Ideal Actual 

1 Warp angle 0 19.05 
2 Jacobin 1.0 0.7 
4 Aspect ratio 1.0 4.6489 
5 Skew 00 290 
6 No. of nodes 31098 - 
7 No. of elements 6776 - 
8 Element size 06 - 
9 Meshing type 3D solid - 
10 Meshing element Brick - 

 
Fig.7.2 Boundary conditions for lobe blower 
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Fig.7.2 shows boundary conditions applied to lobe. Force of 12000 N is 
applied on the face indicated by red arrow. Force is applied by 
considering the inside liquid pressure area. Pressure of liquids inside the 
casing is about 0.3 MPa . Pressure affected area can be calculated as: 

 
Ap= 45.132 

 
Force can be calculated as: 

 
By substituting the value of equation (7.1.1) into equation (7.2), 

 

 
Equation (7.3) gives force value to be given for static analysis. With this 
value static analysis has been carried out. 

 
Fig-7.3: Total Deformation 

Fig. 7.3 shows static structural analysis after application of force. It gives 
maximum deformation of 6.4696e-6mm. Maximum deformation is 
indicated by red color. 
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Fig-7.4: Maximum Shear Stress 

Fig. 7.4 shows static structural analysis after application of force. It gives 
maximum shear stress of 8.2374e6Pa. Maximum shear stress is indicated 
by red color. 

 
Fig-7.5: Von Mises Stress 

In the procedure for generating a FEM model for bending stress analyses. 
When meshing the lobe in ANSYS, if “SMART SIZE” is used the number 
of elements near the lobe is automatically much greater than in other 
places. Fig. 7.5 shows that the maximum tensile stresses on the tensile 
side and maximum compressive stresses on other side of the lobe, 
respectively. 
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7.3 Result and Discussion 

7.3.1 Comparison of old and new blower 
To increase the productivity, reduce cost and to enhance the quality of 
rotor machining, it is planning to change the material of rotor from S.G. 
Iron (FG 600) to steel viz. C45, En 8. Constraints in existing method-The 
current rotor is as casted with S.G. iron material. After wearing of shaft 
the entire rotor needs to be replaced. Further due to stringent requirement 
of design with S.G. iron rotor, the shaft diameter is very large causing use 
of heavy ball as well as roller bearings. Rotor lobe is machined with 
integral shaft. No manufacturing flexibility. When rotor shaft worn out, 
entire rotor lobe assembly needs to be replaced. In new design of blower 
planning is to introduce steel shaft as against existing as cast S.G.Iron 
shaft .Hence , it is necessary to ensure two things .First , the shaft should 
withstand with the existing twisting as well as bending stress and 
secondly, the center line matching of machined lobe and shaft ..Rotor lobe 
and shaft can be separately machined. Greater manufacturing flexibility. 
When rotor shaft wears out, only warned shaft can be replaced. Same lobe 
can be utilized. 

7.4 Testing parameter 

7.4.1Testing parameter 
Testing parameter of blower consist of various parameter such as noise, 
vibration, power consumption air flow, pressure rise and temp. Rise. 
Blower performance is monitored with respect to this parameter. After 
monitor performance of blower observation are as below such as 

Table No-7.3: Testing parameter 
Sr. No. Specification Unit 

1 Noise 95 DBA 
2 Vibration 10 mm Max 
3 Power consumption 45 KW 
4 Air flow 1146.47 Cub. m/hr , 
5 Pressure rise 1000 miliba 
6 Temperature Rise 115°C. 
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Chapter–8 

Conclusions 
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The design of blower on shaft is done by using standard practice. By 
considering existing geometry limitations and theoretical results the factor 
of safety taken as 1.5.The shaft diameter of the steel shaft is 42mm. Shaft 
power is 44 KW. The stress acting on lobe max shears stress 
8.237X106N/mm2& static structural stress 6.469 X10-6N/mm2 max & von 
miss stress 1.4272 X107N/mm2The analysis of blower on shaft is carried 
out in the Finite element analysis software named ANSYS. The actual 
load conditions are worked out. Design modification of blower on shaft 
gives rise to change in the design of housings, sleeves, bearings etc. Rotor 
lobe and shaft can be separately machined which gives greater 
manufacturing flexibility. When rotor lobe wears out, only wormed lobe 
can be replaced and same shaft can be utilized. 
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NOMENCLATURE 

cfr  : Cubic ft. per revolution 
K  : Constant, depending upon impeller geometry 

GD  : Timing gear pitch diameter, in inches. 
CL  : Cylinder (impeller) length, in inches. 
DSL  : Design Square Load is in psi 

GD  : Gear Diameter is in inches 
IL  : Impeller Length is in inches 
ΔP  : Operating pressure differential in psi 

S.G. : Specific Gravity of gas compared to dry air at 1.0. 
T1 : Operating inlet temp. in °R (°R = °F + 460) 
TS  : Standard Inlet Temp. (528 °R) 
P1 : Operating Inlet Press. (psia) 
PS : Standard Inlet Press. (14.7 psia) 
Q1 : Volume Flow of Gas at Blower Inlet in cfm 
cfr : Blower Displacement in ft3/revolution 
rpm : Blower Shaft Speed 
slip : Calculated Slip in rpm 
bhp : Brake Horsepower at the Blower Shaft 
ghp : Gas Horsepower 
fhp : Friction Horsepower 

K : Constant, depending upon pressure or vacuum, gear 
speed& blower type 

rpm : Shaft Speed 
ΔP : Operating Differential Pressure in psi 
cfr : Displacement in ft3/revolution 
Δ : Temperature Rise in °R (or °F) 
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bhp : Calculated brake horsepower 
T1 : Inlet temperature in °R 

TRF : Temperature Rise Factor 
P1 : Inlet Press. In psia 
Q1 : Inlet Volume Flow in ft3/min 
Ps : Standard Pressure (psia) 
Pb : Atmospheric Pressure or Barometer (psia) 
Pa : Actual Pressure (psia) 

RHs : Standard Relative Humidity (Expressed as a Decimal) 
RHa : Actual Relative Humidity (Expressed as a Decimal) 

PVs : Saturated Vapor Pressure of Water at the Standard 
Temperature (psi) 

PVa : Saturated Vapor Pressure of Water at the Actual 
Temperature (psi)* 

Ts : Standard Temperature (R) (°F + 460) 
Ta : Actual Temperature (R) 

rpm : is blower drive shaft speed 
VPd : Partial pressure of steam at discharge temperature 
CR : Pompression ratio (Pd/Ps in absolute pressures) 
VPi : Partial pressure of steam at inlet temperature 
Ap : Pressure affected Area 
Dp : Diameter for pressure affected area 
Fp : Force due to pressure 
P : Pressure value 
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ABOUT THE BOOK 

This book presents the technical aspects in the design of Twin lobe 
Blowers and validates   the functional parameters for the efficient 
operations.  Twin lobe blowers; optimised model of pumps, is used in 
thermal power plant for pumping operation as compared to that of roots 
blower.  Innovations are being expected from the researchers to optimise 
the design of various blowers being used in pumps in Engineering 
applications.   

This book will be helpful for the students of Engineering, Research 
Scholars, and Academicians and will prove its worthy in blower and 
pumps Industries. 

 

 
 


