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What | do... e |

Ascent and Booster Separation modeling of
NASA’s Space Launch System (SLS) vehicle.

These are LARGE aerodynamic databases e L
using: OVERFLOW, CART3D, and FUN3D. =y i

The solver FUN3D is the focusof this
presentation.
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Current Workflow

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c
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Current Workflow

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c

Importing module 'f3drunasc'

Importing module 'f3dnas'

Importing module 'tnas45pal’
InitFunction: f3dnas.init_config()
InitFunction: tnas45pal.add_trigfm()

Case Config/Run Directory Status Iterations Que CPU Time
0 poweron®2-ML/m@.50a0.0r000.0_a DONE 12500/12500 . 145224.7
1 poweron®2-ML/m@.50a1.0r000.0 RUN 4233/4500 . 29998.9
2 poweron02-ML/m@.50a2.0r000.0 DONE 7000/7000 . 33468.2
3 poweron®2-ML/m@.50a6.0r000.0 DONE 5500/5500 . 37828.9
4 poweron02-ML/m@.70a0.0r000.0 DONE 10500/10500 . 75882.0
5 poweron02-ML/m@.70al.0r000.0 DONE 6500/6500 . 46045.2
6 poweron02-ML/m@.70a2.0r000.0 DONE 4750/4750 . 31409.3
7 poweron02-ML/m@.70a6.0r000.0 ERROR  3500/4500 . 19231.8
8 poweron02-ML/m@.80a0.0r000.0 DONE 8500/8500 . 60833.1
9 poweron02-ML/m@.80al.0r000.0 DONE 5500/5500 . 38438.4
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Current Workflow

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c
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Current Workflow

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c

2) Generate case report

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" --report -I 0,2:7,8:10
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Current Workflow

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c

2) Generate case report

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" --report -I 0,2:7,8:10

Importing module 'f3drunasc'
Importing module 'f3dnas'
Importing module 'tnas45pal’
InitFunction: f3dnas.init_config()
InitFunction: tnas45pal.add_triqfm()
poweron@2-ML/mO.50a0.0r000.0_a
SRB_AftBSMPod_CA: New subfig at iteration 12500
QStandardPaths: XDG_RUNTIME_DIR not set, defaulting to '/tmp/runtime-jfdiaz3'
SRB_AftBSMPod_CN: New subfig at iteration 12500
SRB_MainTun_CA: New subfig at iteration 12500
STACK-phi@90-mach-large: New subfig at iteration 12500
> tec360 -b -p export-lay.mcr -mesa
(PWD = 'poweron®2-ML/m@.50a0.0r000.0_a/")
(STDOUT = 'tecmcr.out')
STACK-phi000-mach-large: New subfig at iteration 12500
> tec360 -b -p export-lay.mcr -mesa
(PWD = 'poweron®2-ML/m0@.50a0.0r000.0_a/")
(STDOUT = 'tecmcr.out')
STACK_Aft-phi@90-mach-large: New subfig at iteration 12500
> tec360 -b -p export-lay.mcr -mesa
(PWD = 'poweron02-ML/m0.50a0.0r000.0_a/")
(STDOUT = 'tecmcr.out')
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Current Workflow

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c

2) Generate case report
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Current Workflow

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c

2) Generate case report

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" --report -I 0,2:7,8:10

3) Transfer report to local machine

pfe27:f3_vacl$ putsup report/report-f3d-poweron02-MLpdf
nasmac3329:28008% getsup
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Current Workflow

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c
2) Generate case report
pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" --report -I 0,2:7,8:10
3) Transfer report to local machine Herative histories
pfe27:f3_vacl$ putsup report/report-f3d-poweron02-MLpdf
nasmac3329:28008% getsup
s ot~ A R | ¢ ,H;fi e
4) Assess each case for convergence S
nasmac3329:28008% open report/report-f3d-powerond@2-ML.pdf rinn e e e
GORE_no_base/CA CORE no_base/GY GORE _no_base/GN
CORE o, beslCLM Gotal £, s LSFE), PSABIAICA
I ]| N"'i M
— ™It AL
0 P IRV
L VWP WUV
LAt ASRBIVCY LSR8, RSREEYON LSABt, ASPBICLM
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Current Workflow

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c

2) Generate case report

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" --report -I 0,2:7,8:10

3) Transfer report to local machine

pfe27:f3_vacl$ putsup report/report-f3d-poweron02-MLpdf
nasmac3329:28008% getsup

4) Assess each case for convergence

nasmac3329:28008% open report/report-f3d-poweron@2-ML.pdf

5) PASS or EXTEND cases on Pleiades

pfe27:f3_vacl$ pyfun -f run/poweron@2-ML.json --cons "user=='@jfdiaz3'" -

I0,2:7 --PASS
pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 8

2

111 --extend
SLS Block1B Ascent aerodynamic database is 1242 CFD cases.

There were an average of 4.5 manual checks for convergence per case.

For 100 CFD cases: HOURS
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12



Workflow with PYCNIC

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c

4) Assess each case for convergence

nasmac3329:28008% open report/report-f3d-poweron@2-ML.pdf

5) PASS or EXTEND cases on Pleiades

pfe27:f3_vacl$ pyfun -f run/poweron@2-ML.json --cons "user=='@jfdiaz3'"

-1 0,2:7 --PASS
pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 8

2

111 --extend
SLS Block1B Ascent aerodynamic database is 1242 CFD cases.

There were an average of 4.5 manual checks for convergence per case.

For 100 CFD cases: HOURS MINUTES

This material is declared a work of the U.S. Government and is not subject ot copyright protection in the United States.

13



Workflow with PYCNIC

1) Check cases on Pleiades Front End

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0:10 -c

2) Assess each case for convergence on Pleiades

pfe27:f3_vacl$ python3 tools/pycnic.py -f run/poweron02-ML.json -I 0,2 --comp CORE_no_base --asym 0.005
Importing module 'f3drunasc'
Importing module 'f3dnas'
Importing module 'tnas45pal’
InitFunction: f3dnas.init_config()
InitFunction: tnas45pal.add_triqfm()
Component - CORE_no_base
Prepping CA Iterative History 1/4

writing cases...: 100%| INNSMEMENENNNNNNNNNNNN | 2/2 [00:00<00:00, 1.64it/s]

Prepping CY Iterative History 2/4

writing cases...: 100%| NSEEMENENSENNNNNNNNN | 2/2 [00:00<00:00, 2.56it/s]

Prepping CN Iterative History 3/4

writing cases...: 100%| | INININENEGEEEEE /2 [00:00<00:00, 2.76it/s]

Prepping CLM Iterative History 4/4

Writing cases...: 100% || IR /2 [00:00<00:00, 2.79it/s]

Loading Machine Learning Models...

Case 0: Sampling Iterations 10500-12500
CORE_no_base - Time Accurate Binary ML: EXTEND

Case 2: Sampling Iterations 5000-7000
CORE_no_base - Time Accurate Binary ML: PASS

3) PASS or EXTEND cases on Pleiades

pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 0 --extend
pfe27:f3_vacl$ pyfun -f run/poweron®2-ML.json --cons "user=='@jfdiaz3'" -I 2 --PASS
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What is PYCNIC @

PYCNIC stands forPython Classifier for Numerical Iterative Convergence

and acts as an automated convergence criteria.

e Implements both heuristic convergence criteria as well as supervised deep learning

e Predictions based on multiple force and moment coefficients

* More capable than standalone heuristic convergence criteria Asymptotic

Value

Why do we need PYCNIC

Coefficient
Iterative
Histories

1. Expedite

¢ Reduces the user’s workload

Unsteady
RANS

Asymptotic
Mean

e Quickens the completion of high-volume run matrices

2. Standardize
e Humans can have poor repeatablility when classifying the same data

e Multiple practioners contribute with varying experience and opinions

This material is declared a work of the U.S. Government and is not subject ot copyright protection in the United States. 15



Asymptotic Filters

Steady RANS

PASS,

— DNN,

Unsteady RANS

if | max(C) — min(C)| <
if | max(C) — min(C)| >

0(CA) = 4.61e-08 CA=
0.0030 ACA =29

0.0029

0.0028
0.0027 P'/\W

0.0026

0.0025

<X
X

0.0024

1000 2000 3000 4000 5000
Iteration Number

Smoothing function walks through an averaging window based on the dominant frequency determined
by Power Spectral Density (scipy.signal.periodogram).
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[-]
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0.90 -

—— Original
—— Smoothed: EXTEND PSD dominant frequency: 294

i
\ M

U
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Iteration

5000

[-]
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max(|CLM])
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0.75 A
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0.25 A
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—-0.25 A
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—-0.75 -

—1.00 -
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0
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Iteration
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Deep Neural Network @

e ADeep Neural Network (DNN) is a mathematical model inspired by the human brain which uses multiple layers
to obtain a high-dimensional representation of raw input data to make a prediction.

0
q-."'» .

%ﬁ, X

A
i? ’l’

\_Y_/

Output Layer
* Model prediction

Input Layer \ }
* Raw input data, called “features” _ Y
and/or “feature variables” Hidden Layers

* Each hidden layer consists of
“neurons” with tunable weights
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Deep Neural Network

This material is declared a work of the U.S. Government and is not subject ot copyright protection in the United States.

* Raw input data, called “features”

o O
o85G
: \\:""//‘\‘3.»

. XS
LR X
RN
\‘}\\w'i{i“ N\ Output Layer

* Model prediction

Input Layer

and/or “feature variables” Hidden Layers
= Each hidden layer consists of

“neurons” with tunable weights
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Deep Neural Network @

Activation Functions

e Rectified Linear Unit (ReLu) e Sigmoid

e Softmax
L] z.
b(z) = {0’ if 2 <0 O p— o) = <
= . — s i) — n )
zi, ifz >0 1+e ijl eZi
Used for all hidden layers. Used for binary modeloutput )¢ for multi-class model
layer. Returns a value between 0 1 ¢ |ayer. Returns a vector of
and 1. values whose sum is equal to 1.
Rectified Linear Unit (ReLU) Function Sigmoid Function Softmax Function
5 1.0 1.0
4 0.8 1 0.8
_ * ®
< 31 5 061 < 061
- —_ ©
= 2 £
gz- 0041 %‘ 0.4 1
wn V2]
1 0.2 0.2
0 0.0 0.0
—4 -2 6 2 4
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Deep Neural Network @

Supervised learning approach where the Binary Cross-entropy Loss Function
training data consists of features and labels.
N
1
Aero d?tabases Perfectly lend themselves to LBinary = ~ Z (y; log(p;) + (1 — y;) log(1 — p
supervised learning because they are: i—1
i _ 1
1. high volume where, p; = T
2. cover multiple flight regimes ) )
Sparse Catagorical Cross-entropy Loss Function
3. labeled
N
Weights are optimized through Lfulticlass = — Z log(p;)
backpropagation and a stochastic gradient i=1
descent method, minimizing a loss function
. . where, p; = <
over multiple training epochs. S €

e NN isthe number of samples.
e g, isthe true label for the i-th sample (either 0 or 1).

e p; is the predicted probability of the i-th sample
belonging to the positive class.
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Deep Neural Network @

DNN Model were coded in Python using Google’s machine learning framework TensorFlow, and
optimized using the open-source library Keras

Input data

e 2000 features per feature variable T ] [T
|

o "
InpuiLaer | outpur- | [None, 2000)] | [ peLaer | cupur: | [0%ene, 20001
e Feature Variables: CA, CY, CN, CLM - 1 :
ea u re a rl a es' 9 ) 9 | Branch-Hiddon_Layor-0-ca [ ingus: | None, 2000 | | Branch-Hiddon_ Layer-y | input | 4o, 200 | | e = 200 |
| Deme [mnpa. l Nane. 501 | | Desse ] l mliul:] Nooe, S0 st |
|
1 ] ]
. . Branch Hidden Luyer-1ca | inpet: | (None, 5003 | [ Branch- Hidden Layer-1<y | imput | Nooe. $00) | | BractyHodden Layer-l-cn | input: | tNone, 500y | | Beanch Hidden Layer-|-clmn | smput: | (Noce, 500)
Tra i n i n g d ata c°eﬁ|c|ent De gt | Dese wapur; | (Nowe, 291 | | Deeme wwpat | (oee 2 | | Deene autpul; | (Nome, 19)
— !
Hidden Layers Branch Hidden_Layer-2¢a | inpul :Ih'um'. z.ﬁ;: Brancty Hidden_Layer 2y | mput; | (None, 251 | [ Branch Hidkden Layer-2-cm | gt >\'4:n:.1‘-'-: | Branct Hidden Layer 2-cm | gt :-‘\\-o.: 25
D ouput: | (Mone, 25} [henee: outpur; | (None, 23 Dicmse output; | (Nooe, 35) Demse output
[
e ~300 label : 1 :
Ca SeS per a e Branch.Hikden_Layer-3-ca | ingut: | (Nowe, 251 | [ Branch-Hidden_Layer-Jocy [ ingut 351 | [ Baanch Hidden_Layer--co | gt | ¥one. 250 | [ Beansch-Hiklen_Layer--chm | imput: | (Nome, 25)
Demse [ ousput: | tiane. |c.~:J [ Dense [ onsgr i, 1001 | e [ ougpr | inane. 1000 | | Demse ousput: | (Nume., 100)
L > _ - k = < — L !
. — ‘-——__\_______* \n / 4..-——-"';____
e 3 classes: PASS, EXTEND, BUMPTA T [T
I Concalense | output: T (N, 400
e optimized hyperparameters (i e T 0]
I Deme [ gt | b, 1000 |

® ~leb parameters

Tronk_Hicklen_Layer-1 | inpat- | (Nome, 1000

F

otpuls | (Nooe, 500

* ~36 gpu hours to train Hidden Layers

This material is declared a work of the U.S. Government and is not subject ot copyright protection in the United States.

. [ Concatenated ]

21



Results: User vs Model

Model independently* ran 72 ascent cases for SLS Block1B

e Mach=[0.5:4.50]

e alpha=710.0,1.0,2.0,6.0]
* beta=0.0

e PASS based on:

1. CORE_no_base
2.LSRB_no_base
3.RSRB_no_base

PASS Method CORE_no_base RSRB_no_base LSRB_no_base [%]

Unsteady Asym 42 42 45 60%
Unsteady DNN 7 6 4 8%
Steady Asym 20 22 21 29%
Steady DNN 3 2 2 3%

This material is declared a work of the U.S. Government and is not subject ot copyright protection in the United States.
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Results: User vs Model

Model independently* ran 72 ascent cases for SLS Block1B

Mach =[0.5:4.50]
alpha=1[0.0, 1.0, 2.0, 6.0]
beta=0.0

PASS based on:

1. CORE_no_base
2.LSRB_no_base
3.RSRB_no_base

e nlteryser — nlteryoger

L ]
n
7500 1 LS Aniter, = = 360
® .
i=1
5000 -
2500 - *
': oo
b ® o s * g ° ¢ ° L4 . Y
3& 01 ° ‘.' o ® ¢ ° . ¢ s
< ‘ ® [ N ]
e *, o ® .
—2500 -
%
- °
—5000 1o
[ ]
—7500 - b
~10000 - *
05 1.0 15 20 25 30 35 40 45

Mach Number
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Results: User vs Model

CORE

—— User, a=0"
— User,a=1"
—— User,a=2"
—— User, a=6"

Model, a=0"
Model, a=1"
Model, a=2"°
Model, a=6"

0.5 1.0 1.5 2.0
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e (=0
e (=1
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® ‘]:6
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0.003 A .
]
$
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0.001 ~ .
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L ] ®
es et . $
. ..~‘ °® e ] *
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Results: User vs Model

—— User,a=0" ——- Model, a=0" 0.016 4 e a=0°
— User,a=1" ——- Model, a=1" e =1°
—— User,a=2°" - —. Model, a=2"° e a=2°
—— User, a=6 o Modalra=Gi - 0.014 . * a=6’
N\ _.——""--’-‘
I S 0.012 - *
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= i
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O a . .
0.006 e
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\“"\\/ 0.004 1
oo ¢° e
W__ 0002 ] ® H o
® g _°
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Results: User vs Model

—— User, a=0" ——- Model, a=0" e o=0"
—— User,a=1° —-—- Model, a=1" e qa=1°
—— User,@=2°  ——- Model, a=2° 0.084 e o=
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2 O °
© 2 0.04 -
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'
— e ——
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Results: User vs Model

RSRB

- Model, a=0"
- Model, a=1"
- Model, a=2"
Model, a=6"

0.5 1.0 1.5
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Results: User vs Model

—— User, a=0" ——- Model, a=0" 0.007 - e g=0°
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Results: User vs Model

—— User, a=0" ——- Model, a=0" ® a=0"
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Results: User vs Model
LSRB

— User, a=0" ——- Model, a=0" e a=0°
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Summary @

Machine learning techniques were shown to reliably classify complex iterative histories and be more
capable than traditional convergence criteria alone.

Future Work

1. More generalized model
e Probability sampling of iterative history

e Feature variable selection study

2. Additional classes
e Switch mesh settings

e Switch solver settings

3. Additional Solvers
e Cart3D
e OVERFLOW
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