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Project Overview

Task 1: Project Management
Task 2: Microbial Enhanced Coalbed Systems (MECS)

Task 3: Process and Reaction Intensification
* Microwave enhanced reaction systems
* Non-traditional thermal systems
* Enabling materials
* Oxygen carrier development for chemical looping gasification

Task 4: Virtual Reactor Design, Validation, and Optimization
* Basic MFiX code development

* Test system validation with physical experiments

* Optimization toolsets

Task 5: Systems Engineering and Analysis
* Peasibility and baseline study

* Metric development

* Pathway studies
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What is Optimization? N= Y
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The REMS Toolset LABORATORY

“[An] act, process, or methodology of making
something (as a design, system, or decision) as fully
perfect, functional, or effective as possible.”

http://www.merriam-webster.com/dictionary/optimization

“[A] mathematical technique for finding a maximum
or minimum value of a function of several variables
subject to a set of constraints, as linear
programming or systems analysis.”

http://www.dictionary.com/browse/optimization
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* Computational Fluid Dynamics (CFD) provides:
* Quick, Inexpensive way to investigate a design
* Unique physical insight into complex processes
* Quantitative information

* We want leverage our expertise in CFD and the

quantitative information it provides to optimize real
systems

* Our Optimization Toolset 1s needed to allow practitioners
to scan through a large number of variations to
determine the optimal design parameters quickly and
efficiently

* Based on NETL’ pyQtNode software

* Integrated into NETL’s MFiX Suite of multiphase CFD

software for predicting reactor performance

* Already being applied to guide real world optimal designs
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What is pyqgtnode? N= YA
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Graphical Programing Library LABORATORY

Connection -> passes data

Plot

rra
) file [data;data.csu (|
. sep

parse dates []
. index column 0

datafram

Nodes -> operate on data
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What is pyqginode? TL |Ectnowocy

Graphical Programing Library LABORATORY

Range
» start 0.00 S
b ostop 1000 [
> step 0.01 =

e o)

Plot

ra
.} M fie datajdata.csv | B3
. sep

parse dates [

. index column 0

dataframe

GUI Library

S

|
. Cantera

Chemical Kinetics * Thermodynamics « Transport Processes

T
£ scikit-image

Language




Where did pyQiNode start? = |[ENERQY
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First DOE run with MFIX from the MFIX-GUI
Carol Sadek, MLEF Summer 2015

Mentor: Justin Weber Justin Weber’s start in PyQtNode

-
W MFIX - C:\Users\weberjm!\fluidbed ==
EIE U |5 . [ General | Materials | Gas | Solids | Drag | TPM | Grid | Conditions | Solver | Output | Post | Developer | E@
- . . e X node E
Sim # Sim Time 5/day Time Step Mean Time Step SD ‘lapsed Time (DHHMM:SS.S all Time Remaining (DHHMMSS.S — Plots  Progress  Files Pyqt
0 099965 15.. 1.19e-03 4.69e-04 9:38.50 15.52 plot Dt ”99% open Fil File
1 089937 37.. 7.12e04 30204 333300 4735 plot Dt ”99% Open Fil > =
p— -t
2 00002. 004 694e-05 169605 8:28.23 279:21:36.00 plot ot 0% Open L.
3 040044 11.. 7.23e-05 102e04 495770 1:12:000 votot [ 40% OpenFil
a‘ 024419 694 12704 175e04 503884 236:36.00 plot Ot I| 24% OpenFil Range
‘ m 3
Run Stats start 0 E
= Editor i _ Cll( step 1 El
.| b rundog () [ [k rundog ) | ™ miixdar 3 | E 3
51 leq_sweep(3) = 'T515° ~ stop 100 E
52 leq sweep(d) = 'ISIS'
33 leq_sweep(S) = 'ISIS’ range
2 Plot ox
[simaptt) [ smaotc | smootd@ | + -
22 | Range Print
M = workfiow ox object
2 & i flowchart fc start 0 5
18 —
step 1 2|
16 —
s stop 1000 |+
g range
8 1 4 drag type d'ag':’ﬁgfml\ S
08 1 List: SYAM _OBRIEN, GIDA \\\ A um A
imax i
06 “ jmax X ;Ei’%iﬂﬂq 706': nput Print
e — —={llizyvor
04 . min: a9 B — / 0.00 =] result |0222+30 .
02 Max: 300 B I o ll—" object
Count: 5 =
0 Float
[ 100 200 300 4 ExpDesigno
) 0.00 =
— Design Type: Mo ~
6 Icxe(d =150 d
51 icy s(2) - 58.0 I —
65 ici’,‘g;; = 100.8 Generate and Run Simulations
X >~ Q Q & A= 3]

Pygtgraph
(opensource python library)
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Find the Bottom of a Bowl

The REMS Toolset: Minimize f(x, y) = x2 + y2

F ™y
1] pygtnode @M

File
L L =

Design of Experiments

|\c'ariableDeﬁniﬁon | DOE Variables | DOE | DOE Flot

Gaussian Process

matrix
response
Settings | DataTable | ErrPlot | DataPlot | Prediction |

DOE Visualization

20 -~
15 . & . A
10p . A
b e [
0s5F. ... P
b . ) Code
- 00;. y arguments data
T0Sp g T returnOut = data[0]%*Z +data[l]+*Z
po. . 9 function %
L5 e el et e e e e e 9&
H N N 1 N 1 1 wn
—-20 a &l ai & i s isa ia s g
—20-15-1.0-05 00 05 1.0 15 2.0 —
x functionOut B
returnOut |
POO ++« BEY
¥ Auds [y | % s [x -

QOutput Selection

Selected Qutput
DOE Matrix

GPM Model #
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Integrated CFD Optimization

The REMS Toolset: MFIX and the MFIX GUI
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W MFLX-DEM - MINI-CFB.mfx*

Model Plot

= EE T M MFDDEM - MINLCFB
S$mOo@ o>

ODeE XK Q@

SBOB@ 5> E i
G et
Soany Materials TFM DEM PIC
Mesh
Regions + -
Model
Fluid MName Model Diameter  Density
Solid 1 DEM  8.0000e-04 11300e+03
1Cs
BCs -
Paints Name  Solid 1 M
Surfaces -
Chemistry  Mode! | Discrete Element Model (MFIX-DEM) -
Mumerics
0::'_:" Options
Monitars |:| Solve U-Momentum Equation
Points |:| Solve V-Momentum Equation
Planes [[] solve w-Momentum Equation
Volumes . ) =
Run Enable Species Equations
Post Enable Scalar Equations
Export
Plugins
Parameters
Diameter 8.0000e-04 m
Density Constant ¥ | 1.1300e+03 kg/m3
Viscosity |C0nﬁnuum Solids + | | | Fa L3
Mol. weight [Mi)dure V] | | kmol kg
Spec. heat |Mixb_|re - | | | k3/(ka K)
Therm. cond. |C0nstant - | | | Wf(m K)
Emissivity

Species e
Modeler Workflow Developer Python
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kn = 1.0000e+03
bc_z_t{1) =0.105
bc_z_t(2) = 0.095
cartesian_grid = True
nlog = 5000
bc_x_e(1) =0.31

[T e

=]

Model | Plot

Okzked @

Design of Experiments

DOE Visualization

0

imax
8

100 120

OO +:

DOE Variables I DOE | DOEPot | MFiX

140 160 180 200
jmax

BEY

u

¥ s [imax

v | X Axis [jmax v

Ouput sdectn
Selected Output
DOE Matrix B

RO ODEm

status progress

dt time remaining path

Welcome to MFIX - https: //mfix.netl.doe.gov

MFIX-GUI version 0.2y

Loading MINI-CFB.mfx from N:/mfix/benchmarks/dem/mini-cfo
Solver: MFIX-DEM

Loaded MINI-CFB.mfx
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Optimal Gas
Velocity

Optimization Using MFIX

The REMS Toolset 2:1rpamice  ReCtansular
Density Ratio Bed

4:3 Diameter

Gas Velocity Too High -
Gas Velocity Too Low - Over Fluidized

Under Fluidized

Ratio
Particles
Randomly
placed in
initial state
Uniform gas velocity
il Qggﬁv;gr%‘gqrifggni(nts Gaussian Process
- 2 Shell Run matrix
DOE Visualization working directory [Does Not Exist  |[] Code resposs | T
1 r Plot = Data Plot
300 » shell Command grep Time SEG_DES.pvd > tt2.txt arguments |data, gasvelocity m‘?"mm‘ = ‘ - : :
. import numpy as np (4]
250 7
- Path Join start_time = 2.05 imi i
200 . pathl [/rems/runs/test_000009 | &4 resid_cutoff = 10000 f“ﬂX:I‘JlI:I-le PI‘L
o 4 . = start_search_frac = 0.3 adsdadid » tag optimalvel
>' 150 path2 tt2.txt -« plot = False initialGuess
¢ L | R —— result object
X é output s/test_000009/tt2.txt _if plot:
100 function import matplotlib.pyplot as plt
.
50 & time = datal:,0]
loadtxt .11
% 1Tz 3 4 5 & 7 & o file jes Not Exist|[] hB = datal:,3]
Design Point : o . hT = datal:,4]
skiprows O I
e mask = np.where(time >= start_time) =
pPoOC + - @V - ueecels 1,250 |» , - i = , N—— ——
GG functionout » parameters
Output Selection|Completed Runs 3 - returnout >l |
selected Output slice e
DOE Matrix 1terable / gasVelocity
» slice 2: -
output

\

> Process and Analyze Data > Build Surrogate —— Optimize

& Run MFIX

U.S. DEPARTMENT OF
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3D Print Geomeiry

REMS Toolset: Validation

Bed and Distributor Plate
Assembly

Plenum

Bed and Distributor Plate Assembly

Plenum

4 - %% U.S. DEPARTMENT OF
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An image analysis-based technique being developed for quantitative comparison

Optimal Gas
Velocity

Gas Velocity Too Low -
Under Fluidized

Gas Velocity Too High -
Over Fluidized
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Continuous Flow

The REMS Toolset: Stepping it up!
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Discharge particle counts
Lower oxit

Continuous Flow ﬁ'@'ﬁé&%’#‘“

The REMS Toolset: Parametric Study of Flow Contirol

5%, U.S. DEPARTMENT OF
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300 N e o o

7350 e A i
® o o o o o o o o o
200 b e o o o o o o o o o i
= s
= ® o o o o o o o o o
;.: 150 b T T i
v © o o o o 0 o o o o

+ e o o » i- e o o +
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bc v g[2]
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The REMS Toolset: Optimizing L-Valve and Bed Fluidization LABORATORY

R1
T300
T250
-p.o
T200_,
N —
| % 0.8
'150>: °
T0.6
T100 -
T0.4
Ts0
170.2
+ t t t t t+ t t + 0
-50 50  100p 15Q[3)200 250 300 0 +0.0
L]
L]
0.2
¢ 111 : ]
] ne | 000 Discharge particle counts ‘ ' ‘ : L] L] 00
— Lower exit fine 50 g
| sl 00,
}’i 15001 . upper exit coarse e o 50‘<
ez { - 00'a
:ﬂu shorenond | 10 B o 50 E
v | e -50 0 50 100 150 _ 200 250 300 350 ©
/ j ; bc_v_g[3]
Optimum

bc v _g[3] =168.7
Bc v _g[2] =95.4
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Continuous Flow

The REMS Toolset: Optimizing L-Valve and Bed Fluidization

T T T
Lower s

Upper =
LOW&PAI
Upper Al

Particle count

50 60
time (s)

v’ Particles are illuminated by high power light source and the back scattering is recorded using high speed camera at 250 frames/s

v' The Aluminum particles scatters more light than Nylon beads and the optical setup is such that the reflection saturates the
sensor
v The particles are tracked as they enter and leave the field of view, which covers the entire tube, and the number of trajectorties

provide the particle outflow rate

v’ The particle outflow rate is compared to CFD simulations
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* Applied the OT to a Novel Heat/Pressure integrated CO2 Adsorber
* Uses NETL 32D Sorbent

* Used the OT to identify conditions for
* >90% capture
* >70% concentration by mass
* <10% energy consumption

* Currently filing a patent for the design

Advanced Applications NATIONAL
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Further Application: Interactive MFIX ENERGY
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65
—_
.
£ L
fl
325
Q
]
Q
>
0
—
A g3 > — = >
@ - o SER Get DT ( Plenum
A = connbec mfn [ﬁ > dt o tima step ,—19-3 .
number of steps |1 . . % connection 3| 2 distributor pressures Prepare_for_relnl MFIX_reinit
— e I e
. b el get MFiX field variables » fluid type [compressible  ~] = = projectDir
t si t i .
request MFiX to take the t ::;’Ke asN::ad | 2 connection Prepare_for_PlenumModel » mass flow [1 — i datal E co.npectlon
ified ber of st ainumyoce loop index = field_variable_values 4 g e 2 reinit_data
specified number of steps — I: o S onecall » discharge coeff |1 negative velocity | ' negative velocity
. field_variables
3 lists—ijk pressure list | r} distributor open area Ile-6
A field_variable_values | GRS \‘ » specific heat ratio ]1.4_ ;ﬁ;ﬂve'? Velocities to Update BC gas
one call - Bl » initial pressure |101325.0 ke velocities if there are
Bool . - S 2. Format data for no negative values
00 . g EAE I
= 1. Get the requested variables 1. Convert gas pressures to S B s000 | MFiX reinitialization
/. at the specified cells from MFiX o T )
2. Calculate area sum of the Bl average : 3. Check for negative
2. P_g at the cells just above inlats distributor velocities || velocities >
the inlets in the case of the reset system reset system
Plenum Model 3. Associate the BC indices with

the pressure list order
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Further A

The REMS Toolset

- temperature 973.0
I pressure 101325.0

Stream

- flow rate [0.00035166666, 0.000259055555556]

ication: Process Modelin

CTI Reaction
database |/kbuchheit/Desktop/Christos Altantzis/ranzi1212_Orig.cti | 3
[ElementaryReaction : AC3H4 + AC3H4 => C2H4 + C4H4 -]
[ Add ] [ Remove J
Reaction &

0 ElementaryReaction : AC3H4 + AC3H4 => C2H4 + C4I-‘_|
1 ElementaryReaction: AC3H4 + CH3 <=> CH4 + C3H3
2 ElementaryReaction: AC3H4 + H <=> C3H3 + H2
3 ElementaryReaction : AC3H4 + OH <=> C3H3 + H20
4 ElementaryReaction : AC3H4 <=> PC3H4
5 ElementaryReaction: C + 02 <=>C0O + O [

Add Al ! Remove Al ]

_preeacions B3|

[ Load all Phases } [ Save all Phases ]
[praseo | praset |
database |C:/python_projects/biomass_stream.cti O
|ideal gases ~]
g2 =)
l Load from CTI ]
[cet1005 -]
[ Add I [ Remove ] [ Mass Basis ]
0 1 2 =
0 C6H1005 0.30666963379 calculated =
1 Co2 0.113445235464  calculated
2 Co 0.080634356546  calculated
3 CH20 0.0542568972368 calculated
4 H20 0.152797624171  calculated
5 CH3COOH 0.0411751947607 calculated ~
AddAl ] [ Remove Al ]
stream }

U.S. DEPARTMENT OF

ENERGY

SS CSTR

x

# temp 973.00 =
I volume 0.001153
& initial guess

{3 reactions

/. inputstreans

b parallel workers

b abstd 1e-18

» reltol 1e-10

Iritialize with result [~
output stream

q 2323.79550685

»

SS PFR

P temp 973.00 =
» volume 0.006493

. reactions
r—/— . input streams
¥ parallel workers

sdpy hd

» abstol 1e-18
» reltol 1e-10
& length 1.0

output stream
B
Flowdata &
Tempdata &
volume data &

o

NATIONAL

TECHNOLOGY
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Stream to CTI

. stream
P file TRO73.ci |3

Print Stream
stream

Stream DataFrame
. stream
outlet DataFrames

Save DataFrame
] DataFrames

P file othreact.xls |3
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Further Applications: Signal Processing

The REMS Toolset

Wavelet
» wavelet

scaling function, phi wavelet function, psi

Nl

200+« BEY

wavelet object

Energy Plot
coefficents
.07
B 06
:‘:: 05
- 04
S o3
]
o .
e R
M D4 D3 D2 D1
scale
X=y=

OO+ BE

> xc

Read Wave File
» file pd2.wav |3

rate 11025

Subtract

array

data result \.ndarray

Frequency Bands

sample frequency | 11025

. levels 4
. A | o |
1 Dto2756.25 2756.25 to 5512.50
2 Dtol137812 1378.125 to 2756.25
3 Dto683.06 689.0625 to 1378.12
4 Dto344.53 344.53125 to 689.06

U.S. DEPARTMENT OF
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Multilevel IDWT

coefficents

Multilevel DWT
signal
wavelet | db1 -

wavelet | db1l -

reconstructed levels D'

. levels El
- ok

coeffidents

Plot

-100
-150

0 5000

200+« BEAY

10000

15000 20000 25000
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Multi Plot

¥s

100 D1: 5,512 to 2,756 Hz

0 5000
D2: 2,756 to 1,378 Hz

10000 15000 20000 25000
150
100

50

0
-50
-100
-150

0 5000
D3: 1,378 to 689 Hz

10000 15000 20000 25000

200

[=]
-

0 5000
D4: 689 to 345 Hz

10000 15000 20000 25000

0 5000
Ad: 345to O Hz

10000 15000 20000 25000

0 5000

200+« BEY

10000 15000 20000 25000
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Further Applications: Image Analysis

The REMS Toolset

Hough Circle
imagg
» dp 100

B param1 [
Boaam2 0[5
B min radius 25 =

Read Image

b minDist 40.00 2]

Array

¥ shape )80, 1920, 3

B maxradus 50 |2

J

» file %&ads.)pgr ]
image

x=1558.05 y=1033.27 [23, 123, 85]
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OO+ BEV

ﬁ o o ‘_‘. -2 @ M x=596.924 y=989.54 [1,1,1]
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Further Applications: Bubble Analysis

The REMS Toolset

Select MFIX Field Variables

Data_to_VTK_Spx_initialization

EP_g folder | C:\Users\BUCHHETK \Desktop\3defs | I '.
P
P star [] runname |:\Users\BUCHHEIK\Desktop\3dcfb\BUEDZ

Gas Velodties
Solid velodities

cell-Ranges (1:16/1:102/1: 16

Period Trigger

. Value

ROP_s mmax | 1 b Period 0.1
Theta_s [ nmax_g | 1 . Trigger on First
Gas Temperature Trigger .
B — nmax_s | 1 Data_to VTK process spx_tim

Gas Spedies time-Range (actual) | 0.0 : 143003082275 Process .
s _ — Bubble Processing
Reaction Rates [ time-Range 0.0: 143003082275 other_data VTK Bubbles o
eaction Rates Bubble Dictionary
Scalars [T create VTK files [ to_vtk VTK Input
Turbulence [] selected variables _  EP_gContour 0,95 z | ProcessInput | [ Plot |
selected variables = Bubble Dict
} other_data [Hishograrnld hd ]
E2 ™
’\blume_ﬂux_net - ]
L ™

U.S. DEPARTMENT OF
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Further Applications: Bubble Analysis "'A“°”“

The REMS Toolset
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