
Inter- and intra-operability of processes

VMAP-ENABLED
MULTI-DISCIPLINARY
COLLABORATION ON
JET ENGINE DESIGN
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Outline

▪ Brief introduction to jet engine design @ DLR

▪ Central Data Model (CDM)

▪ Integration of VMAP into CDM

▪ Use cases

▪ Suggested extensions to VMAP → full model storage

▪ Further challenges
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Take home messages:

1. VMAP adds value to parametric modeling environments

2. VMAP needs full model storage – suggestions, requirements?
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Introduction
Aircraft Engine Design

• Aircraft engine design is multi-disciplinary and iterative

➢Need for collaboration

➢Development of software framework GTlab

(Gas Turbine Laboratory)

• Modern engines are highly optimized

➢ Improvements are incremental

➢Need for higher-fidelity methods
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The Gas Turbine Laboratory
Overview

• Framework for collaborative design

✓Coupling of tools

✓Standardized exchange of data

✓Workflow management

✓Support for multi-fidelity data

• Modular software infrastructure
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The Gas Turbine Laboratory
Overview

• Framework for collaborative design

✓Coupling of tools

✓Standardized exchange of data

✓Workflow management

✓Support for multi-fidelity data

• Modular software infrastructure

• Performance

• Sketching

• 2D + 3D Blade design
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The Gas Turbine Laboratory
Overview
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Engine Data Record

3D Geometry

• Framework for collaborative design

✓Coupling of tools

✓Standardized exchange of data

✓Workflow management

✓Support for multi-fidelity data

• Modular software infrastructure

• Performance

• Sketching

• 2D + 3D Blade design

• CAD kernel

• …
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The Gas Turbine Laboratory
Central Data Model

• Parent-child hierarchy

• Multi-fidelity of components

✓Conceptual design 

✓Preliminary design

Higher fidelity information

➢ How to incorporate CSM?

1. Choose FE data format  😉

2. Integrate FE data into the data model

3. Develop FE analysis processes
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Integration of VMAP data
Idea

• VMAP files contain structural data for 

blades (and disks)

• VMAP files contain parent-child 

hierarchy, too

→ Attach VMAP file structure as a child 

to blade data record
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Integration of VMAP data
Execution

• Only file structure is appended (Indexing)

✓Expresses data affiliations clearly

• Data remains in VMAP file

✓Lightweight integration

• Individual nodes are made uniquely identifiable

✓Referencing

✓Searching
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Integration of VMAP data
Accessing data automatically

• Workflow execution: data is not loaded into the framework

• Dedicated API & reference-counting

mechanism to access data
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Integration of VMAP data
Accessing data manually

• Manual inspection: data is loaded into the framework on demand

• Selective, responsive

data viewer

• Outperforms official

HDF Viewer
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Integration of VMAP data
Accessing data visually

• Visual inspection: prototype

• Customized implementation

based on VTK
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Exemplary Workflow 1
Blade mesh
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Exemplary Workflow 1
Blade mesh, disk design
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Exemplary Workflow 1
Blade mesh, disk design, hot-to-cold
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…
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Exemplary Workflow 2
Static FSI
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Suggested Extension to VMAP: CONDITIONS
Principle
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Suggested Extension to VMAP: CONDITIONS
Detailed Example
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Suggested Extension to VMAP: CONDITIONS
List
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Suggested Extension to VMAP: CONDITIONS
Goal

▪ Complete storage of model + results for elementary CSM problems, e.g.:

▪ Cantilever beam

▪ Truss system

▪ Plate with hole

▪ Brick heatflow: source, conduction, convection

▪ Static thermo-mechanics

▪ Transient thermo-mechanics

▪ Modal mechanics
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Further challenges

▪ Intra-process challenges:

▪ VMAP full model storage

▪ VMAP converters to/from different formats
(Permas-VMAP converter: github.com/BT-DLR/PermasVmap )

▪ Inter-process challenges:

▪ VMAP & CGNS: standardized fluid structure interface?

▪ Data management:

▪ Versioning of HDF5 data

▪ Cloud, remote processing

➢Data Management System, future HDF5 features
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https://github.com/BT-DLR/PermasVmap
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Take home messages:

1. VMAP adds value to parametric modeling environments

2. VMAP needs full model storage – suggestions, requirements?
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