Every day we create
engineering solutions for
sensors and aircraft icing
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ATS Is US based company

------ Florida incorporation

Aerothermal Solutions LLC

CAGE: 86FNS
DUNS: 081176409
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Our leaders

PhD Guilherme da Silva Pedro Villela
CEO Founder CTO
Entrepreneur, Tech. Leader, Business Vision Senior Engineer, Tech. Leader
Embraer ECS and Icing, Shell, Air Liquide, IPT Airbus France and Brazil, Embraer
241 citations. One icing paper has 45. First Place at SAE Worldwide Aerodesign

Competition — UAV design
Design of first icing tunnel of Brazil at UFRJ.
SAE Design Innovation Award honor

4 BOEING .
1 t . @ﬂ”f’”ﬂ @ % AIRBUS (J# ﬁ
p TE;:EEgg;%ﬁ ‘( EMBRAER .( EMBRAER HELICOPTERS EESC ‘Z;P INTERNATIONAL.
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Our Engineers

Caio Rafael Aerospace Eng. Diogo Pio Aeronautical Eng.
CFD, FEA multiple projects Avibras, Master at ITA Air Force
College

Eduardo de Franca Aerospace Eng. ~ Guido Ubertini Aeronautical Eng.
Sales Executive and Social Media Avibras, Air Force Ae_ronauncal
Ads Agency and Space Institute
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Drones previous Works

v Pre-design for a drone one passenger, 1-hour flight
v’ Batteries, motors, propellers selected
v Preliminary CAD 3D Model and system installation

v Testing planning

v' Engineering requirements

v" Flight/Aerodynamic performance calculation
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UAV's previous works

XXXV Congresso . -
Brasileiro de ~—- @, ., (¢ suas
Ciéncia do Solo : \‘l';" MULTIPLAS FUNGOES

C T £ Hry

ENTRO DE CONENCOES - NATAL / 02 a 07 DE AGOSTO DE 20156

v" UAV monitoring for agriculture

Em Balbinos realizou-se o sobrevoo no ano Nas figuras 8, 9 e 10, verifica-se como essa
de 2008 e as fotos foram utilizadas para propriedade, que estava totalmente degradada
. . . visualizacdo da situacdo encontrada naquele em 2002, foi transformada com a aplicacdo da
‘/ DeS | g N y te St| N g al d O pe ra“ on momento e naquela area, que deram suporte para legislacdo e a conservac¢ao do solo.

v Publication of paper in congress

v Work funded by State of Sao Paulo Brazil

Figura 5. Imagens de uma propriedade de pecuaria em Figura 8. Fazenda Cabretva no ano de 2007, ja
Balbinos. Foto tirada com o Aeromodelo. recuperada, com eucalipto. Foto tirada com o Aeromodelo.

Aerothermal Solutions )
& Software Distributor



lce Protection Market Size

lce Protection
Systems™™
$8.8 bi

Icing
simulation
$1 bi

*k*

Simulation+
System engineering

2016-2020

lce Protection
Growth 5.2% year

*Source: AlAFacts&Figures
**Source: MarketsAndMarkets
**Source: Bloomberg

Aerospace
Services”

$170 bi

Windshields
21.87%

Wings
18,34%

Sen SOrs Propellgrs
7,65% 13,36%
Air Data 1;220/
Probes |
8,41% Nacelle Engine Inlets

9,24%

40% are sensors, air data probes,
windshield

Source: Company Websites, Annual Reports, Press Releases, Investor Presentations, -, Secondary
Journals, Industry News Websites, Experts’ Interviews and MarketsandMarkets Analysis.
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Drones Icing

v Icing was in the top 5 Most Wanted list of National Transport Safety Board
v SAE AC-9C is releasing new AIR for UAV/Drones Ice Protection

v There is no specific regulations for drones and UAV’s icing worldwide

v" Drone flight conditions varies a lot and very different from large aircraft

v' Drones manufacturers are not open to discuss operation details

v High demand from drones' operators like UPS, Amazon, Google

Source: https://www.ntsb.gov/news/events/Pages/196.aspx

https://www.youtube.com/watch?v=U1FJ2PQOAQV8
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https://www.ntsb.gov/news/events/Pages/196.aspx
https://www.youtube.com/watch?v=U1FJ2PQAgV8

Drones Market

The ice protection per FAA FAR 121.341 is applied to drones.
14,600 drone registered units per month in 2018 (US only)

Amazon and Google are certifying their drones. UPS just certified.

Drones are the fastest growing business in the world.

DJI Phantom 3

Predator UAV General Dynamics
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https://links96.mixmaxusercontent.com/59947eb8799dee7f4edf82b1/l/wZs7HpNNp4yzlzkZt?messageId=!!!MESSAGE_ID!!!&rn=!!!RECIPIENT_NAME_ENC!!!&re=!!!EMAIL_ADDR_ENC!!!&sc=!!!IS_SENDER_COPY!!!

Benefits
of simulation

Save millions by
cutting tests and
prototypes

Old Methods
replaced by
accurate
calculations

Know If your
product works
before fabrication

Cut time
to market
and certification
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Pilot Case

DJI Phantom 3

Fully integrates drones and sensor
Drones are the most growing market in the world

g lce detector
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Pilot Case Conditions

v Contracted by ice detector manufacturer

v Perform initial aerodynamic and impingement
simulation on drone

v’ Ice protection simulation not included INewy Svioric:

ICE* BDETECTORS

w

v' Standard liquid supercooled water icing conditions
v Objective: to check current location of ice detector

v Conditions: cruise, ascent, descent, hover
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Ice Detector 2 AVIOIICS

ICE» DFTEFCTORS

e —

SPECIFICATIONS

SENSITIVITY TO ICE:
Better than 0.010" of ice
Conforms to SAE AS 5498 9 5.2.1.1.1
Listed in SAE AIR 4367 § 4.11

receiver channel near wall

reflecting wall

Placement of 0.250" grey delrin rod to simulate Ice*Meister

Model 9732-DRONE ice sensor. Ice molecules forming on prObe tip nomenCIature

any part of the rod are sensed as ice alert and initiate
ice-protection maneuver
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Drone Characteristics

1 [1] GPS
2 [2] Propeller
o ‘ : [3] Motor

[ 7] " [4] Front LED Indicator
Aircraft [5] Landing gear
Weight (Battery & 1280 g 6] 5 [6] Gimbal and Camera
Propellers 'nC|Uded) [7] Aircraft Micro-USB Port
Max. Ascent Speed 5m/s
Max. Descent Speed 3 m/s
Max. Speed 16 m/s (ATTI mode, no wind)
Max. Flight Altitude 6000 m
Max. Flight Time Approximately 23 minutes
Operating Temperature 0°C to 40°C , 1‘ |

€q- O
The maximum rotational speed is around 7,000 to 8,000 RPM 3 S “f'{"_:ﬁ é !
&

The aircraft, the angle can reach 35° when reaching max speed ‘i‘ — ‘.{_

No.1l and No.3 CCW and silver.
No.2 and No.4 CW and black.

https://www.dji.com/br/phantom-3-pro/info#specs
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https://www.dji.com/br/phantom-3-pro/info#specs

Drone Aerodynamics

) Table 1. Multicopter Test Vehicles.
Angle of attack versus Flight speed

35 : :
; Rotor-to-Rotor  Rotor-to-Rotor Rotor Nominal Flight
W S NN SN N _ MakeModel Configuration Length, in Width, in Diameter, in Weight, Ib*
3DR SOLO Quadcopter 115 11.5 10.0 3.3
2 25} DJI Phantom 3 Quadcopter 9.8 9.9 9.4 2.8
g D — 3DR Iris+ Quadcopter 10.4 16.1 9.6 2.8
™ 201 S S Drone America x8 Octocopter 31.4 31.4 11.0 12.8
a, . :
P 15 SHAERE U Quadcopter 20.1 20.1 15.0 6.0
= Endurance
,__LQ_L_> 10 *Without additional payload
5
13 e
0, g s = e =k 56 Table 2. Baseline vehicle thrust and rotor RPM.
Angle of attack in degrees Baseline Bascline 5. 8
Veh;
chicle Thrust (Ib) Rotor RPM = Rem
. . . 3DR SOLO 3.3 5,700 o 5800 RPM
https://www.technik-consulting.eu/en/optimizing/long range drone.html . 2
3DR Iris+ 2.8 5,400 o e
DJI Phantom 3 Advanced 2.8 5,300 € |  '
Drone America DAXS 12.8 7,000 . !
- Flight distance versus Flight speed " SUI Endurance 6.0 3,500 i /‘V
} ;
i 0

-50 -40 -30 -20 -10 0 10 20 30 40 50
Pitch, deg

www_technik-consulting.eu

Figure 19. Lift for DJI Phantom 3, q = 0.48 Ib/ft’, yaw =
0°.

Flight time in min
Flight distance in km

https://ntrs.nasa.qov/archive/nasa/casi.ntrs.nasa.gov/20160007399.pdf

% 5 10 15 260
Flight speed in m/s A |



https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20160007399.pdf
https://www.technik-consulting.eu/en/optimizing/long_range_drone.html

Drone flight conditions

Geometry from open source website (body+propellers) — possible errors
Angle of attack from company specialized in drones — AOA=13°

Cruise speed for greater flight distance — V=16 m/s

Rotation from NASA Study in all four propellers — n=5300 RPM

Altitude — Alt=0 ft Sea Level

The manufacturer did not confirm the numbers above

It IS required a flight test measurement and a 3D scan for final study
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Check of flight conditions

Phase FX [Ibf] FY [Ibf] FZ [Ibf] Weight [Ibf] Diff [Ibf]
Asccent 0.04 -0.05 2.06 2.82 -0.76
Cruise -0.46 -0.09 1.50 2.82 -1.32
Descent 0.00 -0.05 2.38 2.82 -0.45
Hover 0.00 -0.05 2.39 2.82 -0.43,

Next round of simulations needs
to change the rotor speeds to
match the weight of the drone

We need to know If the drone has
different rotations In front and back
when In cruise.

Questions about the propeller
model used! Maybe it has errors.

The rotation Is still valid for the preliminary impingement analysis
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Drone icing conditions el Gl (e
with CAS = 31.9 Knots

5,0
0,0 + D < > > < > ——o * *
L1 condition as per SAE AS 5562
-10,0
-15,0
Test MVD = 200 " oot
Number Conditions SAT (LWC) LWC ? —— M Envelope
deg C g/ cu. m =0 N
| L1 Liquid Phase Icing -10 20 25 | 300
L2 Liquid Phase Icing -20 20 1.85 350 |
L3 Liquid Phase Icing -30 20 1.1
L4 400 -
6 -45,0
. . . 0 5000 10000 15000 20000 25000 30000 35000
Liquid Phase Icing -10 20 2.2 agd .6 ot
LS
2 CM LWC= 0.44 g/m?3
Liquid Phase Icing -30 20 1.0 and .2 f/@TD_:OZ'(l) “Cr:n
.2 Alt = 0 to12 Kift

L1 condition Is conservative enough for impingement study

No ice protection involved in this project



Theoretical Definition

[ or water collection coefficient — ﬂl -
Y
[ _
dY, o
=35

Cp or pressure coefficient is a dimensionless number which describes the relative pressures
throughout a tflow field in fluid dynamics.

C. — P—=Poo = P~ Poo
p 1 2
EpooVoo Po—Poo

Velmag = velocity magnitude = Vx, Vy Vz components vectorially summed

LWClocal
L WCf reestream

Concentration Factor =

LWC = liquid water content of the cloud [g/m"]
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Results

Cruise Flight
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Results Cp

AlS



Results Vel Mag

I VelMag [m/s]

O=NWAEOODO WD

VelMag [m's] |

O=NWAEOODO WD

VelMag [m/s]
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Results Beta
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Results LWC
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Results Concentration Factor
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Conc. Factor
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Results Concentration Factor
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Results

Ascent flight
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Results Vel Mag
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Results Beta
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Results LWC
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Results Concentration Factor

N

Conce. Factor
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Results Concentration Factor
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Results

Hover flight
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Results Cp
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Results Vel Mag
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Results Beta
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Results LWC

LWC [g/m3)|

AlS



Results Concentration Factor

Conc. Factor
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Results Concentration Factor
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Results

Descent flight
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Results Vel Mag
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Results Beta
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Results LWC
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Results Concentration Factor
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Results Concentration Factor

| Conc. Factor
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Preliminary Notes

Drone geometry, AOA, speed and rotation not validated
- It requires a flight testing

Four conditions approximately simulated — cruise, ascent, descent, hover
-1t requires a flight testing

The location of the detector has lower beta than propellers
- Relocated to a place with higher catch efficiency

The ice detector has one direction of detection and the drone can flight in
all directions so the cloud is not experience only In forward flight
-> a version for drones must be developed with different windows

The ice protection system was not simulated
- Simulation of ice protection system, mainly in propellers
- Different strategies may be thought

Aerothermal Solutions
& Software Distributor



.42."0 AL — S —
7, »‘3'"09‘. - —-m Ay g

- < ]

I D mer— _—

f" S L /\'- ! -~ "

[}l LRe ‘ A el v = e
ol STy - : By A

- ' ;
- = " jow Vo
g - ]




ATS Offices

c.eee..US

e Aerothermal Solutions and Software Distributor LLC
v 201 S. Biscayne Blvd, Suite 1200 — Miami, FL
v/ phone: 1-888-564-2475

« DUNS 081176409 and CAGE Number 86FN8

ApexBrasil

o ®* "’ BraZ”

w

: « ATS4i Engenharia, Estudos e Projetos Ltda.
v Av. Pompéia, 634 cj. 113 — Vila Pompéia — Sao Paulo, SP
v' Rua dos Pigueroes, 40 cj. 710 — Sao José dos Campos, SP

gasilva@ats4i.com

+1 888-564-2475 T h an k yO u |

www.ats4di.com
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mailto:gasilva@ats4i.com.br?subject=
http://www.ats4i.com

One solution

3D icing tool coupled with CFD

dpd _
- T Vs [p0U] = S5
0pdU
Lpoty + Vs - [poUU] = —0Vsp  +  Spsu
Bt N’ N o’

pressure based stress based

P = Ps T Ps +pg

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 =Tg + Tw + P80 + To

The stress term, S, ;u. includes the viscous shear stresses (7, 7,,), gravity
body force (pg,d), and stress related to contact-angle force (7).

@, python

tecplgt, 360

pytecplot

CFD

Water Film Model

Implementation

Results



ATS Associate previous experience

v' SAE Aerodesign Competition
v" Team won Brazil and World Championships
v' SAE award for Innovation

v' Competition in US won by Pedro’s team
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