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Abstract— A Turbocharger producing a highly accelerated mass flow of air to boost an engine with a spiral scroll primary 
inlet without the use of guide vanes using an axial turbine and a dual sided compressor wheel which produces less thrust and 
quicker response therefore improving performance as well as economy. 
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I. BACKGROUND 

 
Turbochargers are extensively used throughout the 
automotive industry as they can enhance the output of 
an internal combustion (IC) engine without the need 
to increase its cylinder capacity [4]. A typical 
turbocharger includes a radial turbocharger housing 
and a rotor rotating on a axial shaft on thrust bearings 
and two sets of journal bearings. The turbo charger 
housing includes a Turbine housing, a compressor 
housing, and a bearing housing, a shaft extending 
along the axis of rotor rotation, to connect the turbine 
wheel to the compressor Wheel. The turbine receives 
high-pressure and high-temperature exhaust gas 
stream circumferentially from an engine. Thus the 
turbine rotor rotates which in turn rotates the shaft 
and this rotates th compressor wheel which delivers 
compressed air to the engine inlet. 
 
II. INTRODUCTION 

 
Increasing an Engine’s Performance keeping in mind 
economic considerations has been a long race for 
engineers and has proven to be a considerable 
challenge for engineers. A turbocharger or turbo is 
a turbine-driven forced induction device that 
increases an internal combustion engine's efficiency 
and power output by forcing extra air into the 
combustion chamber. While implementation of a 
Turbocharger will essentially increase overall cost, 
this is an invention which will be useful most 
probably only for high performance engines. 
Improvement over a naturally aspirated engine's 
output results because the turbine can force more air, 
and proportionately more fuel, into the combustion 
chamber than atmospheric pressure alone. 
 
III. PURPOSE 

 
Turbocharging improves a vehicle’s performance by 
increasing its torque response and that instantaneous 
economy by aerating the engine. Turbocharging has 
long been the standard technology used to boost 
diesel engines in passenger vehicles, the majority of 
gasoline engines however are still naturally aspirated 
today. Higher exhaust gas temperatures in gasoline 

engines are of course a factor, cost is another but the 
main reason is that the air mass flow varies much 
more than in a gasoline engine than in a diesel. A 
ratio of 80:1 from idle to rated power for a gasoline 
engine compares to just 6:1 in a passenger car diesel 
[1].  
One of the primary challenges of downsizing and 
down-speeding of gasoline engines is the necessity to 
preserve the vehicles “fun to drive” or it’s dynamic 
performance. In some conventional turbochargers the 
turbines and compressors are configured to exert 
axial loads in opposite directions so as to lessen the 
average axial loads that must be carried by the 
bearings. Nevertheless, the axial loads from the 
turbines and compressors do not vary evenly with one 
another and may be at significantly different levels, 
so the thrust bearings must be designed for the largest 
load condition that may occur during turbocharger 
use. Bearings configured to 
support high axial loads Waste more energy than 
comparable low-load bearings, and thus 
turbochargers that must support higher axial loads 
lose more energy to their bearings[2]. 
With this in mind, Honeywell Turbo Technologies 
(HTT) has developed a new aerodynamic concept 
called DualBoost™, which promises to make a step 
change in the industry. It implies an axial compressor 
with a Dual sided compressor apart from the classic 
aerodynamic solution of a single sided centrifugal 
compressor and a radial inflow turbine that has been 
used for more than 30 years[1]. 
 
IV. THEORY AND ANALYSIS 
 
4.1 Problem statement 
In the ideal case the work done to accelerate a vehicle 
from state 1 to state 2 can be approximated to the 
change in its kinetic energy. Also, the work done by 
the engine to achieve this can be considered to be the 
area under the Power vs. Time curve. For two 
vehicles with different engines but identical 
performance, the work done must be equal if they are 
to perform in the same way.  
           
W = ΔE = E2 – E1 = ½ m (v2

2-v1
2)              (1) 

Vehicle Kinetic Energy Equation  
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            (2) 
                      
Acceleration Power equation  
This simple concept allows us to calculate the target 
Power, BMEP and Time to Torque curves for a 
typical downsizing and down-speeding problem 
statement[1]. 

 
4.2 The Concept of Turbocharging 
 

 
Figure 3.2.1 Block diagram of a Turbocharger unit 

 
4.3 Turbine Efficiency  
Turbine efficiency is a function of Blade Speed Ratio 
(U/Co), where U is the turbocharger speed and Co is 
the speed of the inlet gas. It has been degraded over 
the years because of the need for increasing 
compressor diameters as specific engine power 
increases as well as the use of downsized low inertia 
turbines. This issue is exacerbated in a modern 
gasoline engine by operating the turbine in a highly 
pulsating flow environment 
 
4.4 Turbine type 
Axial turbines have the advantage over radials of 
having better turbine efficiency at lower blade speed 
ratio values. They are also intrinsically low in inertia. 
The rotor includes an axial turbine Wheel, a 
compressor Wheel, and a shaft extending along the 
axis of rotor rotation and connecting the turbine 
Wheel to the compressor Wheel [2] 
The turbocharger housing includes a turbine housing, 
a compressor housing, and a bearing housing (i.e., a 
center housing that contains radial and thrust 
Bearings ) that connects the turbine housing to the 
compressor housing. The rotor includes an axial 
turbine Wheel located substantially within the turbine 
housing, a radial compressor wheel located 
substantially within the compressor housing, and a 
shaft  extending along the axis of rotor rotation, 
through the bearing housing, to connect the turbine 
Wheel to the compressor wheel and provide for the 
turbine wheel to drive the compressor Wheel in 
rotation around the axis of rotation. 

4.5 The Turbine Volute 
The turbine housing forms an inwardly spiraling 
turbine primary-scroll passageway characterized by a 
significant enough radial reduction to accelerate 
exhaust gas such that a significant portion of the total 
pressure of the exhaust gas received by the turbine is 
converted into dynamic pressure. This allows an 
appropriately configured blade to extract a significant 
amount of energy from the exhaust gas without 
significantly changing the static pressure across the 
turbine blades. This circumferential component is 
achieved without the use of turning vanes, which 
would cause additional losses. Thus, the turbine inlet 
of this embodiment is of a vaneless design [2]. 
 
4.6 Compressor Wheel 
The compressor Wheel is configured to compress 
input air into the pressurized air stream. Back-to-back 
oriented impeller blades including a first set of 
impeller blades facing axially away from the turbine 
and a second set of impeller blades facing axially 
toward the turbine. The compressor housing is 
configured to direct inlet air to each set of compressor 
blades in parallel. 
  
4.7 Corrected Mass Flow Rate 
To provide for an adequate level of acceleration of 
the exhaust gas under the invention, the primary-
scroll passage way is configured with sizing 
parameters such that the corrected mass flow rate 
surface density of the turbine, when operated at a 
critical expansion ratio (Ecr), exceeds a critical 
configuration parameter, i.e., a critical corrected mass 
flow rate surface density (Dcr).More particularly, the 
sizing parameters for the scroll include a primary-
scroll radius ratio (r,) and a primary-scroll inlet port 
area (ai), and are selected such that the corrected mass 
flow rate surface density of the turbine exceeds the 
critical configuration parameter Dc, When the turbine 
is operated at the critical expansion ratio Ecr. The 
values of some of the above-recited terms are 
dependent upon the type of exhaust stream gas that 
will be driving the turbine[2]. 
 
4.8 Bearings 
With a substantially unchanged static pressure across 
the turbine blades, the exhaust gas stream applies 
little to no axial pressure on the rotor. This allows for 
lighter bearings and the turbine wheel to not require 
extremely tight manufacturing tolerance[1]. 
 
4.8 Optimization 
A prototype is built, put on a gas stand, and run using 
the selected exhaust gas. The input total pressure is 
increased until a calculated expansion ratio reaches 
the critical expansion ratio Ecr.  

       (3) 
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where k is Boltzmann’s constant.   
Typical Value of Ecr is 1.832[2] 
This expansion ratio is calculated from the total 
pressure at the inlet and the static pressure at the 
outlet. A steady state mass flow rate m, a total turbine 
inlet temperature T, and a total inlet pressure pt  are 
measured. Successive Iterations are carried out to 
determine the optimum required configuration and 
the values of the solution variables are selected. 
Under a CAD environment, the designer could 
largely reduce the time of a design cycle, as well as 
the cost of the manufacturing process[4]. 
 
V. RESULTS AND DISCUSSION 

 
1. The transient torque curve for the DualBoost™ 
rises much more steeply than for the standard 
turbocharger [1]. 
 

 
Fig 5.1 torque(Nm) vs time(s) 

 
2. Dynamic Range Fuel economy 
When Dynamic range torques were compared, this 
technology shows considerable promise. And also 
when the fuel economy is considered there is a slight 
improvement. This proves that dual boost is in both 
ways better than conventional turbocharger. Various 
cycles were studied. The results are formulated in the 
graph[1]. 
 

 
Fig. 5.2 Fuel Economy 

 
3. Rise in Torque 
A high increase in Torque is seen in initial conditions 
of speed. The rise in Torque for dual boost is rather a 
smoother one. This can be accounted by the reduction 
in size of the unit which provides smaller rotating 
inertia and also smaller bearings. 
 
CONCLUSION AND FURTHER SCOPE 

 
Summarizing total advantages, dual boost has  
1. Better low speed transient efficiencies  
2. Less inertia   
3. Uses only conventional materials and simple fixed 
geometry.  
4. Lesser Material used 
5. Better Response 
6. Smaller specifications of bearings 
Resulting into better Performance overall. 
While these were pertaining to this particular 
technology, modifications can be made to further 
improve the design. For E.g. Providing Outer Rim for 
the cantilevered Fins, passing the Exhaust in an 
opposite direction are within the scope. 
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