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Auto-Thermo3D

 Transformer Cooling Problem Formulation. Solution methods: 
traditional, Network, CFD

 Traditional: Empirical-formulas-based method
 Network approach: Equivalent analog thermal network based, Spice 

solver
 CFD: Detailed physics-based calculation
 Elements included in calculation:

• Windings+ insulation layers
• Core
• Cooling Duct
• Cooling systems (AN, AN with enclosures, AF with fans, AFWF, etc)

 Calculation cost:
• CFD: Several days for pre-processing, meshing + several hours for 

calculation and post-processing  higher accuracy

Boundary condition: Tambient

Pcore Pcoil

Pstray

PcoolRad

PcoolTank
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Backgrounds

An automatic process could be developed to highly reduce CFD time 
from several days to several hours with higher accuracy and reliability.

Simulation modelPrototype
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(1) Parameterized Common Design System

CAD Meshing

(2) Auto geometry modeling and meshing with ANSYS

Workflow

Velocity Temperature

(3) Auto CFD simulation with FLUENT(4) Single case results summary
(5) Global summary & Static analysis
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ANSYS Simulation controlled by Excel Shell
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Click this before saving, else the previous 
data will be saved to the incorrect file

Save to a case-specific file to avoid file 
conflict

Simulate current case on local workstation

Simulate current case on remote server

Fetch data from remote server to local

Start simulations for cases listed in the 
series batch file

Append tasks to series batch file

Open series batch file to check tasks

Clear all tasks in file
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Batch mode simulation
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• The calculation process will be shown and can be checked 
to know the status;

• Wait roughly 2~3 h until prompt “Case xx finished!”
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Variants
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The CFD tool could be run on 
• Different layouts
• Different cooling conditions (AN, AF, AFWF)C

ore

1,2,3,4 segments

Cooler

Cylinder numbers
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Geometry & meshing
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Geometry Meshes
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Ideal setup for CFD simulation 

• Turbulence: kw-SST model
• Gas density property: (Ideal-gas model highly recommended)
• Radiation model: (S2S instead of DO for 2D, DO is selected for 3D)
• Pressure and velocity solution: Coupled
• Spatial discretization for pressure: Body Force Weighted or PRESTO! (preferred)

Velocity Temperature rise

Auto-Thermo3D
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Prototype

Temperature distribution Velocity distribution

Temperature-rise along height

Case under AF condition
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Case under AN condition
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Temperature rise distribution Velocity distribution
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Post-processing
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Graphic representation Results compilation sheet
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Summary
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• A completely automatic SHELL is developed with ANSYS WORKBENCH environment.
• Relatively higher accuracy comparing to traditional methods.
• Detailed temperature distribution is presented with hot-spot and average temperature rise
• Detailed velocity distribution  is presented along all ducts
• Calculation time is acceptable, further ROM model (optiSLang) could be created based on this tool to obtain accurate results in seconds.

DRY CFD Shell Development
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