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Challenges in the simulation
of biomass combustion
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Introduction Y
%‘}‘}g fﬁb’ CYCLE OF
Biomass combustion (e.g. wood chips) 1)

* widely used for generating electric and thermal energy ﬂ <
* renewable and potentially carbon-neutral energy source

Combustion process
* very complex

* requires advanced techniques to minimize harmful gas
emissions

Alternative biomass

* wood waste, straw, bark, olive pits, nut shells, grain husks,
bagasse, etc.

e can cause problems due to their chemical composition, ash

melting temperature, humidity, ash content, calorific value
and others.
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Combustion process in a biomass furna]cTe
| o |

Burnout
Zone

- Secondary Air (SA)

Recycle-Gas

Combustion chamber of a biomass furnace
« forward acting grate
* transports the fuel through the furnace

The fuel undergoes a number of steps
* drying, pyrolysis, char burning, cooling in which it
releases hydrocarbons.
* hydrocarbons are burned in the gas phase

Use numerical simulations
» to study efficiency and performance
* and reduce the costs of experiments

\
\
i
|
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Numerical Approach: Multi-Physics Simulation

Two-way coupling between Discrete Element Method (DEM)
and Computational Fluid Dynamics (CFD)

XDEM (Lagrangian) for:

* Motion and collisions of biomass particles

* Conversion of biomass particles
OpenFOAM (Eulerian) for:

* Flow of gas phase

* Reactions in the gas phase

Interactions

IN3A < dd40

CFD-DEM coupling is required to capture the physics of
biomass furnaces and offers unprecedented insight.
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DEM — CFD
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Complexity of biomass furnace simulations

The setup, execution and post-processing of biomass furnace
simulations is challenging.

The necessary steps include:
* Generation of furnace and grate geometry
* CFD mesh generation and CFD case setup
e Calculation of the initial particle bed
* DEM case setup
e Calculation of fuel properties from ultimate analysis

This complexity is a serious obstacle, in particular for SMEs

* The adoption of such technologies requires substantial
investment in computer hardware, software licenses and
training of engineering staff.

| | | IS —
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HPC Multi-physics Biomass Furnace
simulations as a Service

a simplified workflow for end user

Average particle composition over the bed length
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CloudiFacturing Overview &)
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* The CloudiFacturing solution is designed to support manufacturing SMEs and their needs
for advanced cloud- or HPC-based ICT solutions.

* The CloudiFacturing solution will be open, empowering different stakeholders to become
members of the community.

 All the services offered in the CloudiFacturing Solution will be based on a pay-per-use or
subscription business model with a unified billing process. il
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Objective: a simple user workflow

Syl ..

From the spreadsheet o
to the report
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Flo | w1t | s | x| v ]|m|~n]|]o|r|al|r]|:
2t

005 : 2l
Automatic generation e
: of the CFD+DEM case ;

1162 100 1019 089 0978 0948 057 007 089 0846 O08ss 025 OBIS 0785

sttic staic static
ass gvass meas avais mass s aveds mais mas s amis s mass mess

ace Geometry

XA
o 02 o4 08 o8 | 12 e e s 2 22 24 28
26 3 26
I
0000 1068 9 1068 9 1068 9 1068 9 1068 9 1068 9 2 11 4
0000 1068 10068 11136 20136 21204 30204 31272 40272 41340 50.340 51408 60408 171
0000 0027 0027 0053 0053 0080 0080 0053 -0053 -00z7 0027 0000 0000 _ 1] T
[ x| Lt | m | N]ol]ce o LI N=SSSSSs) ====
kel [(ke/ke) [kekel [kerke) (kg/kel [ke/kel letl on 5 > 5
15 00000 00000 00000 02314 00000 00000 : 7 1 T T T
0.004 % A T 6 B 3t
Ys [ke/kg] 0.000 N 2 ” 1T 1 !
pear; e
0.000 n% T
HH 1 !
0.010 vae  HHS - ! VA
0.400 ! YU R b L] 16
1
1.000 ¥
1.026407 1o 1 au 14
T f
L Ssssanzaziii ¥ "
I TPy
SNESEEEEEEEEN
1 1T )
1 T ‘
; 06 o
4 n | | n | 1 117 ‘
0800 2650 0100 0000 0000 1000 0050 0020 34315 00000 00000 00000 02314 00000 00000 00000 07687 ——— e
X Axs

UNIVERSITE DU
LUXEMBOURG

HPC Multi-physics Biomass Furnace simulations as a Service SC V-Camp 2020



Job submission
HPC Simulation

HPC job running

Biomass Furnace Simulation Workflow

Welcome! This workflow takes an Excel file that contains the input parameters of a
bio mass furnace simulation. The simulation uses XDEM (discrete particles) and

foam-extend (computational fluid dynamics). It automatically generates all necessary The jOb is running but didn't set its own status yet Please wait
inputs (geometry, mesh, input files) and returns a report for download. =

sssssess
Workflow steps
decomposePar
1. Select input Excel file s e uvueey s s et aad b e s s s s s e e S SR
2. Perform simulation 17 LT oy 7/ if 7/
3. Download results 7/ 77T, 7 7 it ;7 7/
17 i v / AN AN B 7/
. Fi i // i 4 2 b A B ¢ ol 17/
Step 1: Excel-file selection A F. 3 3 3 il ’
/7 _/ il _/ i _/ 1/
Select the Excel file that contains the inputs for the furnace simulation. // S W L &Y //
: 7/ 17
| Choose selected file | | Reset tree | 1/ DISCRETE PARTICLE METHOD (DPM) /7
24 /7
+ B 141 storage (Anseim chuster) AR AR AR AR AR AR AR AR ]
), scratch // XDEM Git Branch: master
4 | home // XDEM Git Hash: 673313e1b0obbf5dfbaf2f485706dd2a75abfb66
4 ), cig-bioopt-input // XDEM Git Description: heads/master-0-g673313e
OOH —— R R D T L Ty
N T 7:4) INTTITALTZING: = ssceeeeeee
) dd-18-13-01
i hpc_logs DPM Input File : biomass_furnace_3D.h5
~config DPM Input Directory : ./
|_| exp15testapp.simg DPM Output Directory : ./output_biomass_furnace_3D/
|, xdem
| cfg-xdem-bioopt.simg Bavéinla Tuna-: Runfana
openfoam5.simg i . e B . . .
@ .k DILUPBiCG: Solving for hs, Initial residual = 0.018986329, Final residual = 4.769367e-06, No Iterations 7
- ExecutionTime = 422.58 s ClockTime = 138 s

Step 1200 -t= 0.235400 s - Elapsed Time = 0.04398 s/step - Percentage completed = 11.77 %

Submission Web Portal Ctfn R e 83207 . S0 21
Progress Report
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Imulation

Pyt
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Results

This workflow has finished
The execution of this workflow is done. You may now inspect the results.

Results

OUTPUT

it4i anselm://scratch/CFG-XDEM-BioQ|
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Under the hood
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. . . e aee
How to much input is required?
Furnace and grate design g
* parametrised with a few numbers . i, RO
« geometry is generated automatically QUi
wp A T .
Fuel / Wood chip Ho g

* characterised by ultimate analysis
* thermo-physical values obtained from standard experiments

Air inlets
e can be placed at any position
* require the full composition when recirculation is used

— A few hundred degrees of freedom!
* Designing and implementing a web interface was out of scope

| L
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Particle bed
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HPC Biomass Furnace Simulation e

Two-way Direct Coupling
 DEM — CFD and CFD — DEM
« XDEM and OpenFOAM linked into one executable
* All coupling data exchange via shared memory

\

Interactions }
|

I

WN3a < ado
DEM — CFD

Hybrid Parallelization Scheme
*  OpenFOAM running in parallel using MPI
 XDEM parallelized using OpenMP

HPC Execution
* Portable execution using Singularity
« HPC Job submission using SemWES
* Execution on IT4Innovations HPC platform

N IT4I ti
fsl S&S nationalol$#ao
, emWE supercomputing

center
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Biomass Furnace simulation using XDEM+OpenFOAM
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Summary and Future Work

Multi-Physics Biomass Furnace Simulation
* Cloud-based interface and submission portal
* HPC execution back-end

— Application as a Service (AaaS)

Simplified Workflow for end user

* All input settings provided in a spreadsheet
* Automatic generation of the case

* Automatic execution on HPC platform

* Generation of a report with the results

Average particle composition over the bed length

=== Organic matter

Part of the CloudiFacturing project =
* Experiment 15 BioOpt

* To be integrated in the Digital Marketplace
* Target audience: SMEs
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Thank you for your attentlonl Luxembourg XDEM Research Centre

http://luxdem.uni.lu/
University of Luxembourg

More details about the CloudiFacturing BioOpt Experiment:
http://luxdem.uni.lu/projects/2020-CloudiFacturing_BioOpt/ Contact: xavier.besseron@uni.lu
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