


| Guilherme Lima da Silva

Married, two children, eventual trumpet player, Star Wars fan

° M.Sc. and Ph.D. in the University of Sao Paulo on ice
protection simulation

g Visiting scholar at California State University Long
Beach (CSULB) —Tuncer Cebeci code

. TAT, Pitot, and Static Port Ice Protection Systems
. lcing Tunnel and Flight Test Campaigns

. Air Data Probes Icing Certification

. 3D icing impingement Analysis

. UFRJ Icing Tunnel Sizing and Pitot Simulation

. LWC Probe Icing Analysis

. Surveillance Aircraft Icing Certification

Numerical simulation of airfoil thermal anti-ice operation, part 1: mathematical modelling
GAL da Silva, O de Mattos Silvares, EJG de Jesus Zerbini
Journal of Aircraft 44 (2), 627-633

Numerical simulation of airfoil thermal anti-ice operation, part 2: implementation and

results
GAL Silva, OM Silvares, EJGJ Zerbini
Journal of aircraft 44 (2), 634-641

Exergy analysis as a tool to decision making in aircraft design
LF Pellegrini, R Gandolfi, G Silva, S de Oliveira Jr
45th AIAA Aerospace Sciences Meeting and Exhibit, 1396

Differential boundary-layer analysis and runback water flow model applied to flow around

airfoils with thermal anti-ice
G Silva, O Silvares, E Zerbini, H Hefazi, HH Chen, K Kaups
1st AIAA Atmospheric and Space Environments Conference, 3967

Exergy analysis applied to a complete flight mission of commercial aircraft
R Gandolfi, L Pellegrini, G Silva, S Oliveira
46th AIAA aerospace sciences meeting and exhibit, 153

Airfoil anti-ice system modeling and simulation
G Silva, O Silvares, E Zerbini
41st Aerospace Sciences Meeting and Exhibit, 734
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lcing Papers

Airfoil anti-ice system modeling and simulation
G Silva, O Silvares, E Zerbini
41st Aerospace Sciences Meeting and Exhibit, 734

Numerical simulation of airfoil thermal anti-ice operation, part 1: mathematical modelling

GAL da Silva, O de Mattos Silvares, EJG de Jesus Zerbini
Journal of Aircraft 44 (2), 627-633

Numerical simulation of airfoil thermal anti-ice operation, part 2: implementation and
results

GAL Silva, OM Silvares, EJGJ Zerbini
Journal of aircraft 44 (2), 634-641

Water film breakdown and rivulets formation effects on thermal anti-ice operation
simulation

G Silva, O Silvares, E Zerbini

9th AIAA/ASME Joint Thermophysics and Heat Transfer Conference, 3785

Differential boundary-layer analysis and runback water flow model applied to flow around

airfoils with thermal anti-ice
G Silva, O Silvares, E Zerbini, H Hefazi, HH Chen, K Kaups
1st AIAA Atmospheric and Space Environments Conference, 3967

Development of an engine anti-ice protection system using experimental and numerical
approaches

RH Domingos, M Pustelnik, LG Trapp, GAL da Silva, W Campo, ...
SAE Technical Paper

Proposed wall function models for heat transfer around a cylinder with rough surface in

cross flow
GAL da Silva, MN Arima, NN Branco, M de Mattos Pimenta
SAE Technical Paper

CFD and boundary layer models with laminar-turbulent transition around airfoils and a
rough cylinder: Results validation

CF Rafael, DM Pio, GAL da Silva
SAE Technical Paper

Thermal analysis of anti-icing systems in aeronautical velocity sensors and structures
RMC J. R. B. de Souza, K. M. Lisboa, A. B. Allahyarzadeh, G. J. A. de ...
Journal of the Brazilian Society of Mechanical Sciences and Engineering, pp 1-21

2003

2007

2007

2006

2009

2007

2011

2015

2016

Basic Model — Integral

Rivulets — Integral

Final Model — Integral and RANS Differential

Embraer Model — Integral

Heat Transfer Ice Shapes — CFD

UFRJ Pitot Icing, Flight an Icing Tunnel
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Recent Publications
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Lima da Silva, G., de Barros, D.R., Pio, D.M., Rafael, C.F., Stefanini, L.M., Pimenta, M.d.M. (2023). Numerical
Simulation of Convective Heat Transfer for In-Flight Icing. In: Habashi, W.G. (eds) Handbook of Numerical
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All skills in 3 17 years of experience
. applying engineering and

single company CFD in the industry

Unique combination
of engineering and simulation

« Reports & Certification
 Design & Test

« R&D
Senior Engineer Associate

"We offer a high return on investment WOl’king in the pI’OjeCtS

with all of our services."

One Company working in Design,
Test and Simulation
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lceAccretionFoam

o Fluid cells: untouched
» Solid cells: deactivated
m [BS: intersected cells

o Adjusted IBS centres

o Fluid cells
»  Solid cells
® 1B cells

o IB points

Full 3D Solver

Immersed Boundary

Figure 2: Traditional IBM and New Implementation of IBS after Jasak (23)

in,
Finite Area Method n, J n
e - m :
Laminar-Turbulent Transition T
) (.
Rough Turbulent Convective Heat Transfer
2D Shell Conduction Heat Transfer e s Haeeredge ntepolaion i ede ased et conrdinate sysiem after Jest ()

iceAccretionFoam implemented as a solver of foam-ext 5.0 A-I-S,
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Validation Process

Cp & Beta

3D Shapes & SLD

Thermal Ice Protection
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It is a collaboration between ATS-
Aerothermal solutions and Wikki
and Cambridge Univ. — Dr H. Jasak.
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| Physical Model ATS)

Aerothermal Solutions
& Software Distributor

o
I + Vs - [poU] = S s

C

dpdU
L 4V, [pfUU]= —6V.p + Spu

pressure based stress based

VF OAM P = Do+ D5+ Py P PUthon

The pressure term, p, is comprised of forces in the wall-normal direction and
consists of capillary effects (p, ), hydrostatic pressure head (ps), and local gas-
phase pressure (p, ).

S, sU =Ty + Tw + pg0 + To
The stress term, S,;u. includes the viscous shear stresses (7, 7,), gravity I EcH No LOG I ES

body force (pg,d), and stress related to contact-angle force (74).

o Fluid cells
» Solid cells
= IB cells

o IB points

o Fluid cells: untouched )
» Solid cells: deactivated t e C lOt 3 6 O
m IBS: intersected cells y

o Adjusted IBS centres

pytecplot

o———0——©

CFD 3D Water Film Model Integrateq Results
Immersed Boundary Implementation




Foam-Ext Selection

* Recognized CFD 3D Software (not from scratch)

* Finite Area to simulate runback water hydrodynamics and thermal

- Immersed Boundary to simulate ice growth without mesh deformation or
local/global re-meshing

* Turbulent Rough Heat Transfer implemented in OpenFoam of a new wall function
specific for icing surfaces based on traditional modeling (Lewice/Stanford)

* Implementations of Laminar-Turbulent Transition available in literature for
OpenFoam including roughness triggered

- driftEulerFoam already implemented for Eulerian droplets trajectories, including
clouds and distributions

» Possibility to run in the cloud through web interface A1. S)

AAAAA hermal Solutions -
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Roadmap

MVP/ Beta
Validation .
2001 2003 2015 2019 2022 2023/4 2025

.........‘.......Q.C.Q.....‘........‘.....Q.Q‘.Q......‘........‘.....Q...>

Certification Physics Ideation based OpenFoam Collaboration
New process Model on customer Selgct.ion with Dr. Jasak
generated for requirements - Finite Area Foam-Ext. 5
probes with - Immersed

OEM and ooundary

Authorities - Full 3D
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Cp validation
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Number of cells: 66 K

Number of points: 133 K




TVD 2ndOrder

Linear Solver AMG

Cp - Solver Comparison TO0MPH  turbulence Model k-:

0.4 -
0.2
Q
O
| 0.0

—— fine mesh
—— coarse mesh
» | | | ----_ XFoil Full Turbulent -
e Emmons(1948)

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________

0.0 0.2 0.4 0.6 0.8 1.0
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B validation



Beta Test Case

» Al-Khalil (2001) » For the dispersed phase, a LangmuirD distribution was applied:
« MVD =20microns;
e The NACAOO012 (c=0.9144 m or 36 in) « LWC=0.78 g/m3;
. Elow characteristics LWC (%) (D/DO0)?2 Distrib. - D D(ir:{i Erﬁ::))
« Farfielda 0 Pa
+  Temperature = 266.48 K — . 6.2
, . 0.1 0.52 10.40
* p=1.3246kg/m 0.2 0.711 14.22
e v=1.27e-5Pas 0.3 1.0 20.0
0.2 1.37 27.4
0.1 1.74 34.8

0.05 2.22 44.4



TVD 2ndOrder

BETA - Solver Comparison TOOMPH  turbulence Model k-:
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BETA - TVD Comparison T00MPH  knhear SoverAMe
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BETA - MVD Comparison T00MPH Linear Solver AMG
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TVD 2ndOrder
Linear Solver AMG

BETA - Distribution Comparison TOOMPH  turbulence Model k-:
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BETA -

TVD 2ndOrder

MeSh COmpariSOn ']OOMPH Linear Solver AMG

S coar;se mesh
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TVD Effect on LWC



rongly near
ative velocity
d droplets

C flow is
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Capturing strong gradients
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Rime Ice Shapes Validation



0.100

Rime Ice Shape 073
Test Case 0050

0.025
 Shin and Bond investigated cases of
rime formation at a temperature of - y/c 0000
15 °F or-26.11 -C, with a median
volumetric diameter (MVD) of 20 pm, 0005

liquid water content (LWC) of

1.0 g/m3, and air velocities (Uoo) of

150 mph at 4 AOA. They conducted 0.050
their experiments using a NACAQ0012

airfoil and measured the accretion

time at 6 min. 0.075

. . .o'lw - L—I—‘.ﬁ..A { AAA..‘.-..,...I f -L.—L_A...._L_.._L...—
The authors of this study used the 0075 0050 0025 0000 0025 0050 0075 0100 0125 0150 O0.175
Wright droplet distribution, Papadakis

) L x/c
et al., and a Langmuir-D distribution. (¢) T, = -15F



Case Configuration

e T_tot= -15°For-26.11 -C,

* MVD = 20 pm,

« LWC =1.0 g/m3,

* Uoo of 150 mph,

«ACA =4

*Dt=360s

* Flow solution in 1s, ice accretion in 30 s, therefore, 12 steps
» Wrigth, Papadakis and Langmuir D distributions

* Lewice, Jones and Macklin ice densities

Rime dry ice accretion, no

mixed, no glaze, no heat
balance, only accretion

AlS,
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Coarse and Fine Mesh
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Wrigth Distribution
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TVD Second Order

Linear Solver AMG

COm pariSOn Turbulence Model k-¢
Wrigth Distribution

Lewice Ice density
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Comparison

0.04

TVD LUST

Linear Solver AMG
Turbulence Model k-¢
Wrigth Distribution
Lewice Ice density
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Droplet Distributions

-

—— ——
//‘—’-_—
-—- MNACADO12
— Time=0s
—— Time=120s
4 —— Time=240s
S —— Time=360s
I
)
.l .
L

s Measured Shin |
---- Lewice Shin

NACAQ012Shin

—0.30

—0.28

—0.26

—0.24 —-0.22 —0.20

Papadakis et al.

—0.18

—0.16

TVD Second Order
Linear Solver AMG

Turbulence Model k-¢

Lewice Ice density

Langmuir D

0.04
0.03 — p————
-=—= NACAOQDO012
0.01 — Time=0s
—— Time=120s
0.00 s —— Time=240s
' . —— Time=360s |
BF ] NACA0012Shin
.- o Measured Shin
—-0.01 h : . :
---- Lewice Shin
—-0.02
—0.03 e
—0.04
—0.30 0.28 —0.26 —0.24 —0.22 —0.20 —0.18 —0.16

AlS,

Aerothermal Solutions
& Software Distributor



TVD Second Order

Linear Solver AMG
|Ce DenSity M()dels Turbulence Model k-¢

Wrigth Distribution

/,./""""—
N i
N
Jones density Macklin density
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fATS IS Global

\

USA, Europe and Brazil

Sao Paulo - Brazil, since 2007

Miami - USA, since 2018

Sao José dos Campos - Brazil, since 2019
Munich - Germany, since 2022

ATS combines high-tech computational
methods with traditional engineering
analysis to provide accurate solutions for

thermal and fluid dynamic systems
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| The Client Challenges

To have one

contract with ONE
multi-skilled and
experienced company

To mitigate risks by
hiring experience.

To decrease the number of
prototypes and tests.

In addition

To cover peak workloads.

To support the internal team with
missing specific skills.
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- Engineering,
All skills in a Simulation, Testing and

single company Certification

17 years of experience
applying engineering and
CFD in the industry

End-to-end Solutions

Turnkey Job

Associate Engineer throughout
the development process

Multi-disciplinary team



Multidisciplinary Team

Guilherme Lima da Silva, Pedro Villela Caio Rafael
Ph.D, CEO, founder CTO, System Engineer, CFD Thermal Engineer,
Associate Associate

€ EMBRAER

& AIRBUS @

HELICOPTERS

(@ AirLiquide ( EMBRAER

Diogo Pio

Senior CFD and Aerodynamics

Ana C. Azevedo  Damaris Nogueira

Finance and Administration Sales

\ 4

(% TAE]

CEIIA 7 ) AviBrAS

Jayme Teixeira
M.Sc., Senior CFD Engineer

£

Odair Lima Henrique Lewi
CFO Head of Sales

J.R. Mannis

Business Strategist

Braskem !
; FEAUSP Po{l Angels

TATA
CONSULTANCY
SERVICES

Sabrina Fernandes
CFD Analyst

Rafael Hazana

Aerospace CFD Engineer

M. Eduarda Lopes

Engineering CFD trainee

]Rz @ [BAPORTO &

FEUP FACULDADE DE ENGENHARIA

UNITAU UNIVERSIDADE DO PORTO U FABC

Univeridads da Taskaté



ATS Expertise Areas
for Aerospace

B8

System Environmental Control
Engineering Systems ECS

- Air Condition Distribution and Control
- System and component

failure Analysis - Thermal Comfort
- Design and Development - Avionics Cooling and Dedicated
Systems

- Certification Requirements . .
- Pneumatic System and Ducting

- Operational Difficulties . .
- Smoke Evacuation, Prevention, and

- Tests Detection

- Reports at Certification Level -~ OXygen Systems and Pressurization

- Battery Thermal Management System

=

lce Protection

System Performance

lce Accretion and Shapes
Performance Degradation
Escaping conditions
Atmospheric Studies

Air Data Probes Ice Protection

Engine Ice Ingestion

Q

Stress Analysis

Conceptual design

ASME, ASTM and ABNT
Standards

Analysis of Reactions and
Displacements Thermal

Expansion

Hyper elasticity. Fluids and
Nonlinearity

Vibrations



Clients

< EMBRAER 2 Collins ZODIAC A -37:] | _l

Aerospace AEROSPACE

v JO by ARCHER & SAFRAN l:lewAm' l
& AKACr  acrospace r A AVIBRAS & ITT

DROPLET
MEASUREMENT
TECHNOLOGIES

MEGGITT




fATS IS Global

\

USA, Europe and Brazil

Sao Paulo - Brazil, since 2007

Miami - USA, since 2018

Sao José dos Campos - Brazil, since 2019
Munich - Germany, since 2022

ATS combines high-tech computational
methods with traditional engineering
analysis to provide accurate solutions for

thermal and fluid dynamic systems

AlS;

Aerothermal Solutions -
& Software Distributor
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