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1 Introduction
NanoSim can be considered an ecosystem of simulators and tools that collectively form a multi-scale

simulation tool that requires that data propagates and transforms through a pipeline of automatic
and manual operations from the lowest to the highest scales.

1.1 Purpose

The purpose of this report is to document the workflows and information sharing between different
simulators in NanoSim, to ensure that we have all the information we need in the exchange of data,
and that the data is compatible with the different software that requires it. The workflows described
in this document are based on the Use Cases defined in Functional Requirements Documentation
[WP1, D1.1] Chapter 3. Some of these Use Cases only address the isolated operations in a single
simulator, while other involves more than one simulation tool to achieve a goal.

1.2 Intended readers

The indented readers of this document are developers and scientists that are working with the
offline coupling of models, who need to understand which models are being connected, and what
data is shared.

1.3 Overview

This document is divided in two main parts. Chapter 2 is dedicated to specification of the data (meta-
data) that will be part of the NanoSim delivery D1.4 (Meta-data-files written as formal schemas in
JSON). The second part dives into the workflows — where the high-level workflow (connectivity) of
NanoSim is described along with more detailed UML (Unified Modeling Language) activity diagrams.

1.4 Assumptions

Workflows are traditionally described using Workflow Diagrams, while data/information flows are
described with Data Flow Diagrams. In UML so-called Activity Diagrams are used to model
computational processes (workflows), while the data flow can be modelled with Interaction
Diagrams. We are, however, not interested in the details of the information exchange itself, but
rather in the identification of the properties of the data that are to be shared/exchanged. Therefore,
we will use Activity Diagrams to illustrate the dynamic aspects of the Use Cases, and explicitly
describe the data in terms of entities with its associated properties.

It is assumed that the basic concept of Entity-Relationship modelling is understood, as Porto uses this
data model in the implementation of the data-centric architecture.

All data that will be exchanged should be defined in terms of properties of entities, and collections of
entities are specified in terms of relationships between the different entities.

1.5 Issues

As the NanoSim project is still in an early phase, it is too early to define the specific information of
the metadata. The 6 month consortium meeting and workshop in London June 2014 the consortium
started the work to map out all data/information transferred between the different simulators in the
NanoSim ecosystem.
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It is the intension to continuously iterate and improve this document, to accurately reflect the
available level of detail of the transferred data/information.

2 Meta-data

In order to verify the completeness of the data being shared by multiple applications we need to
agree on a minimum level of information about the data (meta-data). All entities should eventually
be defined with the template illustrated in Table 1. Alternatively, entities should be defined using a
formal specification language as detailed in WP1.

Table 1 Entity specification template

Entity Identification

Name
Version
Description
Dimensions
Name Description
Name Description
Enumerators
Name | Value ‘ | Desc. ‘
Properties
Name Type Unit Dim Desc.
Name Type Unit Dim Desc.
Name Type Unit Dim Desc.
Name Type Unit Dim Desc.

2.1 Meta-data fields

2.1.1 Entity Identification

This should uniquely identify the entity such that any application that refers to a given entity name
with a given version number can be assured that this description will never change. Any modification
to the entity requires either a new entity name, or a revised version number of that entity.

2.1.2 Dimensions

This field defines a physical dimension (for instance 'number of grid cells in I-direction') defined by a
name and a length (a positive integer). Dimensions need to be used to define properties that are
represented by arrays. For example, the velocity of N bubbles in nSpatial spatial directions needs to
be represented by an array with dimensions [N x nSpatial].

2.1.3 Enumerators

This field defines a 'local' enumerated type. An example could be a list of available model-types,
while a property named ‘model' can be of the enumerated type. This will enable a user to choose a
model from a list of different available options.




2.1.4 Properties
To ensure there are no confusion in the interpretation of a data point, properties should be specified

with name, data type, unit, dimensions and a description of the property. The type should be very
specific (e.g., the intrinsic data type used in the computer code implementation, e.g., the C-language
data type). Units should be defined such as to avoid errors due to ambiguity. Dimensions should be
defined using the names specified in the dimensions-field of the entity described earlier. If an array
has rank higher than one, a list of dimension names should be used. Column-major order (native
Fortran array layout) vs row-major order (native C layout) should in this case be clearly specified.

2.2 Entity Example
To illustrate how an entity can be specified in terms of meta-data, we can use a bubble-column as an
example:

Table 2 A bubble column entity

Identification
Name BubbleColumn
Version 0.1-SNAPSHOT-1
Description Bubble column properties
Dimensions
Name | nSpatial | Description Number of spatial directions (typically 3)
Name | N Description Number of bubbles
Properties
Name | velocity | Type | double | Unit | cm/s | Dim | [N x Desc. | Steady-state
nSpatial] velocity
Name | size Type | double | Unit | mm Dim | [N] Desc. | Diameter
Name | area Type | double | Unit | mm”3 | Dim | [N] Desc. | Interfacial area

Table 2 defines the properties bubble-velocity, bubble-size and interfacial area for each bubble in a
vector of N bubbles. The unit and array sizes are well defined. The type double is assumed to be a
IEEE754 double-precision binary floating-point format: binary64.

2.3 Entity-Relationship

A group of entities is called a collection (in Porto). Entities that have a semantic dependency to other
entities in the same collection is said to have a relationship. The type of relationship and relationship
type needs to be defined. Relationships have a defined direction. By this we can say that A contains
B, where contains is the relation. This does not imply that B contains A. The template shown in Table
3 can be used to define the entity relationships for each collection.

Table 3 Relationship definition template

Relationships Table

From (Entity) To (Entity) Relationship

Name Version Name Version Type
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3 Workflows

These are the preliminary results from the group work, where the goal was to map out all data/input
between the different simulators in the NanoSim ecosystem. As Figure lillustrates, the output from
the experimental activities will be used as input to the atomistic modelling in WP3. The interactions
between the quantum mechanical computation and the Kinetic Monte Carlo simulation are not
indicated here. The data exchange from WP3 (Atomistic Modelling) and WP4 (PaScal/COSI) is the link
between the atomistic scale and the DNS (CFD level-1) scale. The integration of WP4 results into WP2
is part of the online coupling simulator COSI, which couples DNS with the reactive particle model
PaScal. The link between WP2 (COSI) and WP5 is the connection between Resolved CFD (CFD-level-2)
and Filtered CFD (CFD-level-3). WP6 is the equipment simulation scale (Phenom). The figure also
illustrates the manual steps needed to run some of these simulations. Data is categorized as "input",
"output" or "input (from literature)". The latter is intended to indicate that the data will not be
available from previous simulation steps, and needs to be feed manually into the system. Note that
this illustration is a very high-level representation of the workflow, and the data flow indicates only
key data/information that needs to be exchanged.




WP7: Experiment
Input
* Interaction between OC and support at an
atomic level

Output

* Materials Selection

« Particle Size

« Particle Distribution

* Pore Size Distribution

* Dispersion of OC

= OC Carrier for characterization

WP3: Atomistic Modelling
Input (from literature)
* Crystal Structures
* Reaction Pathways

Input

« Materials

* Temperature

* Concentration
. 4+

Output

* Reaction Mechanisms [N]
* Kinetics Parameters [N][3]
* Reaction Enthalpies [N][M]

WP5: Resolved Euler-Euler
Input
* Drag
* Heat Transfer Correlations
= Mass Transfer Correlations

Output

« Correlations for Filtered (effective) Exchange
Rates

* Reference Data

Figure 1 Data information exchange diagram
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WP4: PaScal/COSI
Input (from literature)
* Material Properties (correlation)

Input

* Chemkin Tables

* Reaction Tables

* Expected Particle Environment

utput
* Heat/Species Flux

* Surface Area

* Collection Parameters []

WP2: COSI
Input (from literature)
* Porosity
* Particle Density
« Coefficient of Resitution
* Friction Coeff

Input

* Materials

* Density

* Pressure

* Concentration

Output
= Velocity [3]
Volume Fraction

WP6: Phenom
Input
* Mass Transfer[]
* Bubble Size []
* BubbleRise[]
* Bubble Fraction []
*  Minimum Fluidization Velocity []
+ Emulsion Void Fraction []

Output

* Temperature (]

* Mass Flow Rate []

* Pressure[]

« Streams Composition []

The following section contains the UML Activity Diagrams for the currently defined Use Cases. [See

Functional Requirements Documentation Ch.3]
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3.1 Generate a Filtered Drag Model incl. Reversibility Check

act Workflow - Generate a filtered drag model /

Setup

Run Simulations

Post Process Data
«datastore»

Fitting function
9 Reports

Rev ersibility checks

Model Prediction Comparions

Ok

Validation

Figure 2 Activity Diagram - Generate a Filtered (drag) Model.
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3.2 Quantum Mechanical Computation of Rate and Diffusion Constants

act Workflow -

Quantum-mechanical
molecular dynamics -
Define structure

Find Transition State

Compute Molecular Vibrational Analysis \
Dynamics of Carriers Entropic Prefactor

Calculate Rate Constantb
Transition

«datastore»
Rate Constant

v

«datastore»
Diffusion Constan{

Figure 3 Activity Diagram - Quantum Mechanical computation of rate and diffusion constants

3.3 Kinetic Monte Carlo Simulation
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act Workflow - Kinetic Monte Carlo Simulation/

Start

Compute intrinsic reaction
«datastore» rate «datastore»
Rate Constant Intrinsic Reaction
Rate

Compute Total Reaction
Rate «datastore»
Total Reaction
Rate
Compute Total Heat Flow
«datastore»

Total Heat Flow

Figure 4 Activity Diagram - Kinetic Monte Carlo Simulation
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3.4 Chemical Evolution of a Material

act Workflow - Chemical Evolution of a material /

Start
«datastore»
Geometry
Setup
«datastore»

Transition Rates

Run Simulation }

Analysis

«datastore»
Statistics

Figure 5 Activity Diagram - Chemical Evolution of a Material
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3.5 Simulate a Lab-Scale Reactor with Complex Degassing Processes

act Workflow - Simulate a Lab-Scale Reactor with Complex Particle Degassing... /

Stprt
Iit\
Define Geometry and Define system parameters
Mesh and model
«jOi »

Generate UDF code for
Fluent/ generate top-level
code for Pascal

Run Simulation
«datastore»
jﬁ Statistics
Postprocessing
«datastore»
Report

Finish

Figure 6 Activity Diagram - Lab Scale Reactor Simulation
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3.6 Metal Distribution in a Porous Particle Prediction
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act Workflow - Metal Distribution in a Porous Partile prediction/

Start
«datastore»
Particle Geometry
and discretization Setup
«datastore»
Boundary and Initial
Conditions
«datastore»
Pore size
distributions
Run Experiments «datastore»
Absorption
params
«datastore»
Transport
ProperfEs x «datastore»
Drying Rate
«datastore»
Reac.tl.on. ans Run Simulation
Equilibrium «datastore»
Properties Temperature
Profiles
«datastore» A
Specific Model «datastore»
Parameters Metal Distribution

Pick a validation data set

Compare Model Prediction
to Validation data set

Post Process

Finish
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Figure 7 Activity Diagram - Prediction of Metal Distribution in a Porous Particle
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