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Abstract

The Turbine Impeller Blade Using Advanced Surface Modeling project focuses on the
design and development of a turbine impeller blade using advanced computer-aided
surface modeling techniques. Turbine blades are critical components in power
generation and energy conversion systems, where their geometry directly influences
aerodynamic performance, efficiency, and structural reliability. Therefore, accurate
and smooth blade modeling is essential for achieving the required performance.

In this project, a detailed 3D turbine impeller blade is developed using advanced
surface modeling techniques. Important parameters such as blade profile, twist,
thickness, leading edge, trailing edge, blade angle, and span are considered during the
design process. Surface modeling techniques are used to create smooth and
continuous blade surfaces with accurate geometric transitions.

The developed blade model can be evaluated using CAD-based analysis and
computational simulation to study its aerodynamic and geometric characteristics. The
model can be examined for surface continuity, blade shape, flow direction, and
potential regions of performance loss. Different blade profiles and design parameters
can also be modified and compared to obtain an improved blade configuration.

The main objective of this project is to demonstrate how advanced surface modeling
can be used to create an accurate and optimized turbine impeller blade. The approach
reduces design complexity and provides greater flexibility compared with
conventional solid modeling methods. The developed model can serve as a foundation
for further CFD analysis, structural analysis, manufacturing, and performance
optimization of turbine blade systems.

I. Introduction

A turbine impeller blade is an important component in rotating machinery used for
converting fluid energy into mechanical energy. The performance of a turbine
depends significantly on the shape, size, orientation, and surface quality of its blades.
A properly designed blade can improve energy transfer, reduce aerodynamic losses,
and provide better overall turbine efficiency. Therefore, accurate blade design is an
essential part of turbine development.

Traditional solid modeling methods can become difficult when creating turbine blades
because the blade geometry usually involves complex curves, twists, varying
thickness, and smooth transitions. Advanced surface modeling techniques provide
greater flexibility for creating these complicated geometries. They allow designers to
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control the blade profile accurately and generate smooth surfaces with better
geometric continuity.

In this project, a detailed 3D turbine impeller blade is designed using advanced CAD
surface modeling techniques. Important parameters such as blade height, chord length,
twist angle, blade thickness, leading-edge radius, trailing-edge shape, and blade
orientation are considered during the modeling process. Different sections of the blade
can be created and connected using suitable surface features to obtain the required
aerodynamic shape.

The developed model can be evaluated for surface quality, geometric accuracy,
continuity, and manufacturability. The blade geometry can also be used for further
computational analysis such as CFD to study velocity distribution, pressure variation,
turbulence, and aerodynamic performance.

The main objective of this project is to demonstrate the application of advanced
surface modeling techniques in turbine blade design. The resulting model provides a
flexible foundation for further optimization, CFD analysis, structural analysis, and
manufacturing. This approach can help designers develop more accurate and efficient
turbine impeller blades while reducing the complexity associated with modeling
highly curved and twisted geometries.

II. Literature Survey

Several researchers have investigated advanced methods for designing and modeling
turbine blades because blade geometry has a major influence on aerodynamic
performance, efficiency, and structural behavior. Earlier turbomachinery research
focused on developing computational methods for blade design, including geometric
modeling, aerodynamic calculations, and numerical flow analysis. These methods
established the foundation for modern CAD and simulation-based turbine blade
development.

Research on integrated turbine blade design has demonstrated the importance of
combining airfoil modeling, 3D geometric generation, and CFD analysis. Integrated
design approaches can generate blade sections from aerodynamic requirements and
subsequently construct complete three-dimensional blade geometries. CFD analysis
can then be used to evaluate pressure and velocity distributions, losses, and
aerodynamic efficiency.

Advanced surface and skinning techniques have also been investigated for creating
smooth turbine blade geometries. Studies on computer-aided blade design have shown
that complex twisted blades can be constructed from multiple sectional profiles and
connected using surface approximation techniques. Maintaining geometric continuity
between different sections is important for obtaining smooth and accurate blade
surfaces.

Researchers have also explored parametric blade modeling to make turbine geometry

easier to modify and optimize. One approach uses parameterized cross-sectional
profiles and 3D CAD models in which parameters such as blade thickness, twist, and
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lean can be varied. These parameterized models can be integrated with CFD
simulations and optimization algorithms to evaluate multiple blade designs efficiently.

The leading edge and surface curvature of a turbine blade have received considerable
attention because their geometry can influence flow separation and aerodynamic
losses. Research has shown that carefully controlling the leading-edge shape and
blending it smoothly with the main blade surface can reduce undesirable flow
disturbances.

Recent research increasingly combines CAD modeling, CFD, structural analysis, and
optimization to improve turbine blade performance. Current literature indicates that
integrated aerodynamic and structural optimization can provide better blade designs
while considering efficiency, strength, weight, and manufacturability.

Based on the existing literature, the proposed Turbine Impeller Blade Using
Advanced Surface Modeling project focuses on developing an accurate 3D blade
using advanced surface modeling techniques. The model can be created from multiple
blade sections and smoothly connected using lofting, skinning, and surface-continuity
techniques. The resulting geometry can be further used for CFD analysis, structural
analysis, design optimization, and manufacturing, providing a practical foundation for
developing efficient turbine impeller blades.

II1. System Analysis

System analysis is an important stage in the development of the Turbine Impeller
Blade Using Advanced Surface Modeling project. The analysis focuses on
understanding the geometric, aerodynamic, and manufacturing requirements of the
turbine blade. Important parameters such as blade height, chord length, blade
thickness, blade angle, twist, and curvature are considered during the design process.
The required blade profile is selected according to the intended operating conditions
of the turbine. Different blade sections are created at suitable radial positions to
develop the complete blade geometry. Advanced surface modeling techniques are
used to connect these sections and produce smooth blade surfaces. Surface continuity
and geometric accuracy are carefully maintained throughout the modeling process.
The developed model is inspected for gaps, irregularities, sharp edges, and unwanted
surface intersections. The final blade geometry can be transferred to CFD software for
further aerodynamic analysis. Pressure, velocity, streamline, and flow characteristics
can be studied through simulation. The results can help identify areas that require
design improvement. Overall, system analysis provides a clear foundation for creating
an accurate and efficient turbine impeller blade.

Existing system

In the existing system, turbine impeller blades are generally designed using
conventional CAD modeling and manual design techniques. Designers create
individual blade sections and construct the three-dimensional blade geometry using
basic solid or surface features. Complex turbine blades usually contain curves, twists,
varying thickness, and multiple geometric transitions, which can make conventional
modeling difficult. Maintaining smooth continuity between different blade sections
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requires considerable effort and precision. Small changes in blade parameters may
require repeated modifications to the complete model. Manual modeling can also
result in surface gaps, irregularities, or inaccurate transitions. Physical prototypes may
be required to verify the final blade design and performance. Manufacturing multiple
prototypes increases development time and cost. Aerodynamic performance may not
be evaluated effectively during the early design stage. Integration of complex CAD
models with simulation software can also require additional preprocessing. These
limitations make conventional blade modeling less flexible for complex turbine
geometries. Therefore, an advanced surface modeling approach is required to improve
accuracy, flexibility, and efficiency.

Disadvantages of Existing System

e Complex blade geometry is difficult to model.

e Manual modeling requires more time and effort.

e Maintaining surface continuity is difficult.

e Design modifications can be time-consuming.

o Surface errors may occur during modeling.

o Limited flexibility for complex blade shapes.

o Physical prototypes may be required.

e Prototype development increases cost.

e Repeated testing increases development time.

o Difficult to identify aerodynamic problems at an early stage.
e Complex models may require additional preprocessing.
o Limited scope for quick design optimization.

Proposed System

The proposed system focuses on developing a turbine impeller blade using advanced
surface modeling techniques. The design process begins by identifying important
operating and geometric parameters required for the turbine blade. Multiple two-
dimensional blade profiles are generated at different radial or spanwise locations.
Parameters such as blade angle, chord length, thickness, camber, and twist are
controlled during profile development. These individual profiles are then connected
using advanced surface modeling techniques such as lofting, boundary surfaces, and
guide curves. Smooth transitions are maintained between the different blade sections
to create an accurate three-dimensional blade surface. The completed blade geometry
is carefully inspected for gaps, overlaps, discontinuities, and other modeling errors.
The blade can then be integrated with the impeller hub to create the complete turbine
impeller assembly. The developed geometry can be transferred to CFD software for
aerodynamic flow analysis. Simulation results can be used to study pressure
distribution, velocity, streamlines, turbulence, and aerodynamic losses. Different
blade parameters can be modified and analyzed to obtain improved performance.
Overall, the proposed system provides a flexible and accurate approach for designing
complex turbine impeller blades.

Advantages of Proposed System

e Provides accurate complex blade modeling.
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e Produces smooth and continuous surfaces.

e Reduces modeling complexity.

e Allows easy modification of blade parameters.
e Supports twisted and curved blade profiles.

e Reduces design development time.

o Improves geometric accuracy.

e Provides better control over blade shape.

e Supports CFD analysis.

e Reduces dependence on physical prototypes.

e Supports design optimization.

o Improves flexibility in turbine blade development.

IV. Methodology

The methodology begins with identifying the design requirements and operating
conditions of the turbine impeller blade. Important parameters such as blade height,
chord length, thickness, twist angle, blade angle, and radial position are selected.
Suitable two-dimensional blade or airfoil profiles are then created for different
spanwise sections. These profiles are positioned according to the required blade
orientation and geometric specifications. Advanced CAD surface modeling
techniques are used to connect the individual profiles and generate the main blade
surface. Lofting, boundary surfaces, guide curves, trimming, and blending operations
can be used to create smooth and continuous geometry. The generated surface is
checked carefully for continuity, gaps, overlaps, and unwanted irregularities. The
completed surface model is converted into a closed or solid blade model where
required. The blade is then assembled with the impeller hub to form the complete
turbine impeller. The final geometry can be exported to CFD software for
aerodynamic simulation and analysis. Simulation results such as pressure, velocity,
streamlines, and flow losses are evaluated to determine blade performance. Based on
the results, the blade geometry can be modified and optimized for improved
efficiency and aerodynamic performance.

System Architecture

The system architecture represents the complete workflow for designing and
analyzing the turbine impeller blade using advanced surface modeling. The process
begins with design requirements and operating conditions such as blade dimensions,
rotational speed, and required performance. These inputs are provided to the blade
parameter and profile generation stage, where suitable blade sections are created. The
generated profiles are transferred to the advanced surface modeling stage for
constructing the three-dimensional blade surface. Surface modeling operations such as
lofting, boundary surfaces, guide curves, and trimming are used to generate the
required geometry. The surface inspection stage checks the model for continuity, gaps,
overlaps, and geometric errors. The completed blade is integrated with the impeller
hub to create the complete turbine impeller model. The final geometry is then
transferred to the preprocessing and meshing stage for CFD analysis. Appropriate
material properties, boundary conditions, and operating parameters are applied to the
simulation model. The CFD solver analyzes pressure, velocity, streamlines,
turbulence, and aerodynamic flow behavior. The post-processing stage presents the
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simulation results through contours, graphs, and performance parameters. Finally, the
results are evaluated and the blade geometry can be modified through an optimization
process to achieve improved turbine performance.

SYSTEM ARCHITECTURE
TURBINE IMPELLER BLADE USING ADVANCED SURFACE MODELING

1. REQUIREMENTS 2. BLADE PROFILE 3. SURFACE MODELING 4. SURFACE INSPECTION 5. SOLID MODEL &
DEFINITION GENERATION & VALIDATION ASSEMBLY

« Import profiles
+ Operating conditions + Create 2D airfoil / blade + Create solid / closed body
profiles + Add fillets and blends
+ Assemble with hub /

> shroud
+ Complete impeller model

+ Check surface continuity
(G0, 61, G2)

+ Check gaps, overlaps

. A + Lofting / Boundary surface

+ Design specifications « Guide curves

« Blade parameters
(height, chord, twist,

thickness, angle)

* Generate multiple
sections (hub to tip)

« Set chord, thickness,
camber, angle

+ Trimming & stitching
—{ - Create smooth —>
blade surface

+ Curvature analysis

+ Ensure manufacturability
« Performance targets

a {
=]
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9. ANALYSIS & OPTIMIZATION 8. RESULTS & POST-PROCESSING

6. PRE-PROCESSING

i 7. CFD SIMULATION
E = & MESHING
« Evaluate performance « Pressure distribution « Select solver & models
+ Compare with targets « Velocity distribution + Set material properties * Import geometry
« Modify blade parameters + Streamlines |+ Define operating ‘ + Define fluid domain
(angle, twist, thickness) [ .« Turbulence intensity o parameters « Set boundary conditions
« Re-run simulation S + Run simulation « Generate mesh
+ Achieve optimized design (Head, Efficiency, Power)
Parameter Value * Optimized turbine
= e \ impeller blade
= - . « Smooth surface model
Efficencyn) | 902% - « High aerodynamic
Power (P) 192 kw performance
—k Yt == — * Reduced losses

+ Improved efficiency

LEGEND
— Process Flow

FEEDBACK LOOP
Results used to refine design and improve turbine performance
V. Result and Output

1. 3D MODEL OF TURBINE IMPELLER BLADE

— Data Flow
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Pressure distribution over the blade surface

Generated 30 model using advanced surface modeling
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3. VELOCITY CONTOUR

Velocity distribution over the blade surface

4. STREAMLINES
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Streamline flow pattern through the blade passage

5. PERFORMANCE RESULTS
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Performance parameters and Pressure rise characteristics

V1. Conclusion

The Turbine Impeller Blade Using Advanced Surface Modeling project successfully
demonstrates the design and development of a complex turbine blade using advanced
CAD surface modeling techniques. The method allows accurate control of important
blade parameters such as profile, thickness, twist, curvature, blade angle, and height.

Advanced surface modeling helps create smooth, continuous, and geometrically
accurate blade surfaces, reducing the difficulties associated with conventional
modeling methods. The developed 3D blade model can be inspected for surface
quality, continuity, and manufacturability before moving to further analysis.
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The resulting blade geometry can also be used for CFD analysis to study pressure
distribution, velocity variation, streamlines, turbulence, and aerodynamic losses. This
provides valuable information for evaluating blade performance and identifying areas
that require improvement.

Overall, the project shows that combining advanced surface modeling with
computational analysis provides an effective approach for designing turbine impeller
blades. It reduces design complexity, supports faster modifications, and provides a
strong foundation for optimization. In the future, the model can be further improved
through CFD-based optimization, structural analysis, thermal analysis, and
experimental validation to achieve higher efficiency, better strength, and improved
turbine performance.
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