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ANSYS在航空发动机领域的客户
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Guide5 Consortium
http://aeromech.pratt.duke.edu/about

• Members:

◦ Industry: Rolls Royce, GE, Honeywell, Siemens, IHI, MHI, Doosan, PW, ANSYS

◦ Government: NASA Glenn, NASA Marshall, USAF AFRL

◦ Research: Duke U., Purdue U., U. Michigan, Texas A&M U.
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风扇、压气机、涡轮通流设计流程

明确设计点工况：转速、流量、压比、效率

根据速度三角形设计叶型

叶轮机械气动仿真网格生成

修改设计，流动细节研究，特性线生成

试验定型

Blade Modeler

Turbo grid

每级进出口速度场设计：速度三角形设计Vista（AFD,CCD,CPD RTD）

特性线快速生成
Vista TF+DesignXplorer,
Vista CCD(with CCM)
Turbo System

CFX

ANSYS 产品
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速度三角形设计结果

设计指标 速度三角形 叶型设计 特性曲线快速生成 网格 细节分析
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ANSYS的叶片造型工具

设计指标 速度三角形 叶型设计 特性曲线快速生成 网格 细节分析

R17
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BladeGen

设计指标 速度三角形 叶型设计 特性曲线快速生成 网格 细节分析
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BladeEditor
设计指标 速度三角形 叶型设计 特性曲线快速生成 网格 细节分析
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• Integration of through-flow 

solver 

◦ VISTA-TF

◦ PCA Engineers, Lincoln

• Rapid blade row analysis

• Complementary to CFD 

simulation

◦ Flow path 

optimisation

◦ Initial condition

设计指标 速度三角形 叶型设计 特性曲线快速生成 网格 细节分析
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Vista TF + DesignXplorer

设计指标 速度三角形 叶型设计 特性曲线快速生成 网格 细节分析
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• High quality hexahedral grids

• Repeatable & scalable

• Axial, radial, mixed flow geometries

设计指标 速度三角形 叶型设计 特性曲线快速生成 网格 细节分析
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Transient

with Pitch Change
Steady

with Pitch Change

Transient

Full Domain

Profile 

Transformation

Time 

Transformation

Fourier 

Transformation

Time Domain

Frequency Domain:  Harmonic Analysis

…..full-wheel 

transient solution
…fast & at 

low cost

设计指标 速度三角形 叶型设计 特性曲线快速生成 网格 细节分析
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ANSYS TBR 应用场景

 进口扰动

 阵风分析

 进气畸变

 转静相互作用

 单级& 多级

 轴流 & 径向

 流固耦合

 叶片颤振

 受迫响应
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IGV R1 S1 R2 S2

PT PTTT TT

Modified Hannover Axial Compressor
PT + 2 TT vs. Full Domain

Time Transformation

PT
PTTT

TT
Reference (1/4 wheel)
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燃烧室介绍

• 1: 扩压器

• 2: 供油管

• 3: 旋流器

1

2

3

4

5

6

7

8

9

• 4: 火焰筒

• 5: 旋流杯

• 6: 主燃区

• 7: 次燃区或掺混区

• 8: 掺混孔

• 9: 燃烧室出口
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CFD 模型

1. Fuel Injection

2. Primary Break-
up 3. Secondary Break-

up

4. Droplet 
Evaporation

5. Mixing of fuel 
vapor and Air 
(Turbulence )

6. Ignition

7. Primary Combustion

8. Secondary Combustion

9. Flame quenching

Air

Combustor exit
• Products of combustion
• Pollutants (Soot, NOx, CO, UHC)

With/without wall film on swirl 
cone

• Convert VOF droplets in to injection model

– Statistical averaging

• Injection and primary break-up

– VOF model (Standalone simulation)

• Secondary break-up

– Models available in Fluent

• Wave break-up model

• SSD break-up model, etc
• Liquid film on swirl cone

– Film formation, separation, evaporation

• Droplet evaporation and boiling

– Models available in Fluent

• Turbulence modeling (RANS, LES, SAS, DES)

• Ignition

– Detailed reaction modeling

• Combustion modeling

– Combustion models in Fluent

– Reaction Mechanism (Reaction Workbench)

• Pollutant Formation

– Fluent inbuilt models

• NOx, Soot, CO

• Combustion modeling
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ELSA Model

Combustion

Only Σ-Y
Σ-Y + DPM Only DPM

Vaporisation

Vaporisation and 
secondary breakup

Combustion
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• Ug = 140 m/s and

• Uliq = 0.13 m/s

仿真与试验的对比结果

Ug = 140 m/s and

Uliq = 0.2 m/s
Ug = 140 m/s and

Uliq = 0.31 m/s

Ug = 140 m/s and

Uliq = 0.43 m/s

Ug = 140 m/s and

Uliq = 0.55 m/s
Ug = 205 m/s and

Uliq = 0.5 m/s

Ug = 225 m/s and

Uliq = 0.5 m/s

Ug = 140 m/s and

Uliq = 0.5 m/s

• Comparison of Sauter mean diameter data at symmetry axis obtained from simulations with 
experimental reporting of Lasheras et. al. (1998)
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FLUENT燃烧模型

Finite Rate/Eddy Dissipation Model (Species Transport)

Premixed Combustion 
Model

Reaction Progress 
Variable

Non-Premixed 
Equilibrium Model

Mixture Fraction

Partially Premixed Model
Reaction Progress 

Variable
+

Mixture Fraction

Laminar Diffusion Flamelet Model (Steady/Unsteady) 

Flamelet Generated Manifold Model

Laminar Finite Rate Model

Eddy-Dissipation Concept (EDC) Model

Composition PDF Transport Model (Eulerian/Lagrangian)

Flow Configuration

C
h

e
m

is
tr

y
Premixed 

Combustion
Non-Premixed 

Combustion
Partially Premixed 

Combustion

Fast 
Chemistry

Finite Rate

Chemistry
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Reaction Design的产品

Chemkin Pro

Energico
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机理研究
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气膜孔设计优化

pitch
Parameters
1) Hole diameter
2) Pitch
3) Angle of releasing coolant
4) Flow through hole
5) Parameters related to flaring 

of hole near exit

Automated workflow & use of 
ANSYS workbench for 
optimization of film cooling 
effectiveness

Method 1 Method 2

Passage hex mesh 
from Turbogrid

DM  + AM for 
supply chamber 
& film holes

Combining two 
meshes & mesh 
adaption in Fluent

Optimization using 
WB parameters

Passage, supply 
chamber & film 
holes created & 
meshed in DM & AM

Conformal tet mesh Optimization using 
WB parameters
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Cooled Turbine Blade Meshing

• Hybrid meshing with ANSYS tools
 Geometric flexibility + High Quality
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ANSYS Preliminary Analysis
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ANSYS Preliminary Analysis
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2-way Thermal+Structural – Fluids

32

Force-Displacement and Thermal 
coupling

Fuel injector leakage path solved using Fluent 
and Coupled Field Elements in Mechanical

Labyrinth seal.  The seal gap depends on the 
structural rotational forces, fluid pressure loads and 

thermal stresses caused in part by the hot fluid.

Leakage 
Path
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• GOAL: Ensure blades can withstand 

thermal loading and centripetal force

– First stage blades in 40MW industrial gas turbines 

experience high temperatures and must meet 

performance expectations even   if they deform

• Transferred thermal load results from   

CFD transient analyses to Mechanical to 

capture deformations and stress

• KEY RESULTS: 

– Understanding of stress distributions  extended 

blade life and reduced downtime

– Informed about the effects of pressure and thermal 

forces separately and together informed trade-

off decisions about materials and welds possible

Multiphysics Simulation Captures Gas 
Turbine Blade Deformation 

Courtesy Wood Group Heavy Industrial Turbines AG

Stress distribution due to 
temperature variations

Stress distribution due to 
centripetal force

Stress distribution due to 
centripetal force and
temperature variations
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Cyclic HI’s, Nodal Diameters, EO
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Mechanical Cold Geometry

Determine blade response due to excitation from neighboring blade rows to 
calculate fatigue life.  Harmonic pressure loads mapped from CFD results.

Forced Response

36

CFD

Structural Cyclic Model

Map to Structure Mesh

Forced Response Solution
Cyclic Mode Superposition

Postprocess

Linear Perturbation Modal Analysis
Update geometry to hot

Prestressed Static Analysis
Apply temperature and 

centrifugal loading

CFD Unsteady Flow

Pressure Harmonic

Hot Geometry
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Start to End Automation & Optimization

CAD  Access

Parametrics

Design Exploration

Repeatable fatigue analysis process

Easily repeatable 
fatigue analysis 

process
In ANSYS Workbench
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Turbine Blade Life Optimization
Increased Life of Components

• Goal: optimize the minimum life for a titanium turbine blade based on 

stress and fatigue analysis

Initial Design Optimized Design

CAE tools are essential for 

optimizing component life
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Turbine Crack Propagation
Increased Life of Components

• Goal: Identify critical crack locations and 

model state of stress

Equivalent Stress
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Structural Elements for Rotating Parts

Element Type Detail

Structural Mass MASS21

3D Beam BEAM188
BEAM189

3D Pipe PIPE288
PIPE289

Structural Shell SHELL181
SHELL281

3D Structural Solid
SOLID185
SOLID186
SOLID187

General Axisymmetric Solid SOLID272
SOLID273
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• Static prestress analysis

• Damped and Undamped Modal analysis

• Harmonic (unbalance) response

• Linear and non-linear transient analysis

• Orbit plots

• Campbell diagram

• Whirl animation

• Critical Speed Map

• Multi-spool simulation

Features pertaining to Rotordynamics
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Modal Analysis – Campbell Diagram

Critical Speed 

Whirl Direction  

Stability
Set up a Multiple Load Step 

Modal Analysis
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Bird Strike

Bird strike on a turbine 
blade section

Bird strike on a 
composite wing

Bird strike on a radome
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ANSYS Explicit - Blade out
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ANSYS CFD : Aeroacoustics Simulation Capabilities

CFD Steady/Transient 

Simulations
Noise levels at the 

observer position

x

y

•

Fx

Fy

NF =P.S.n

•

•

•pi,j

pi+1,j+1

pi+1,j

pi,j+1

 

• FW-H Method

• Turbo Noise Macro

• Third Party BEM/FEM 

Codes Coupling / 

Interface

Far field

Near field

CFD Prediction of 

Aero-Acoustics Sources

FFT Post Processing 

Using

• ANSYS CFD Post

• ANSYS Fluent
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Near Field Microphones

Far Field Microphones

• Aeroacoustics Modeling of a Centrifugal Fan Using ANSYS CFX

Aeroacoustics Modeling of a Centrifugal Fan Using 
CFX : CAA



50 ©  2016 ANSYS, Inc. August 31, 2016 ANSYS UGM 2016

Near Field Noise Prediction 

Microphone #1
Microphone #4

• Aeroacoustics Modeling of a Centrifugal Fan Using ANSYS CFX

Aeroacoustics Modeling of a Centrifugal Fan Using 
CFX : CAA
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And has been used to re-certify aircraft with major 
regulatory bodies without the need for icing tunnel 
studies
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Key technical feature advantages include:

Ice roughness prediction without heuristics using a proprietary beading model

 Impinging droplets form small beads on the surface.

 Beads start to coalesce once maximum surface coverage is 

reached.

 Bead growth stops when the average bead 

height hits the local limit.

 The excess liquid part of the beads runback.

Predicts 3D spatial and temporal variation of ice roughness on nacelle and wing 

2.01.00.0

Bead height (mm)
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液压系统分析
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液压元件仿真
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FSI: Temperature/HTC

FSI: Pressure/Force Electromagnetics – Thermal
Fluid Cooling Coupling

Electromagnetics –
Thermal Fluid Cooling –
Thermal Stress Coupling

Electromagnetics –
Thermal Stress Coupling

External Data

Thermal/Structural
Analysis

Fluid Flow 
Analysis

Low and High 
Frequency 

Electromagnetics

ANSYS Multiphysics ‘At A Glance’
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Axial Turbine Blade FSI Modelling
Increased Life of Components

• Goal:
• Compute thermal, mechanical and life properties due to 

thermal loading from the hot gas path

Courtesy Wood Group Heavy Industrial Turbines

Stress

Transitional Turbulence 
CFD Simulation
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Volume 
Temperature 
data for Cold 
condition used 
as initial 
condition

Surface Heat Flux and Heat 
Transfer Coefficient (HTC) data 
for Cold and Hot conditions

Validation of Thermal 
mapping from Fluids 
to FEA

Fatigue Analysis on 
the Submodel

Steady State Thermal 
for Cold condition  
used as initial state for 
Transient Thermal

Transient Thermal 
solution with initial 
Cold condition and 
thermal cyclic 
loading 

Structural Analysis 

ANSYS Workbench Project Schematic

Fatigue Analysis 

Detailed Structural 
Analysis on a part of 
EGR using Submodel 
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Blade Flutter

59

Determine if the blade could enter self-sustained harmful vibration (flutter), due 
to cyclic loading when its undergoing vibration at natural frequency

Import solid model

Pre-stressed modal 
analysis in 

ANSYS Mechanical

Export mode shapes 
and frequencies

Generate CFD grid in TurboGrid

Steady CFX solution

Setup CFX for unsteady, 
oscillating blade

Obtain CFX FT-TRS for a range of 
mode shapes +  frequencies, 

amplitudes and nodal diameters

Post process results and 
examine for stability (damping)

Aerodynamic damping

Wall Power Density
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例子
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