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Drones previous works

✓ Pre-design for a drone one passenger, 1-hour flight

✓ Batteries, motors, propellers selected

✓ Preliminary CAD 3D Model and system installation

✓ Testing planning

✓ Engineering requirements

✓ Flight/Aerodynamic performance calculation



UAV's previous works

✓ UAV monitoring for agriculture

✓ Design, testing and operation

✓ Publication of paper in congress

✓ Work funded by State of São Paulo Brazil 



Ice Protection Market Size

2016-2020

Ice Protection

Growth 5.2% year

Simulation+

System engineering

$3 bi

Aerospace 

Services*

Ice Protection

Systems**

$8.8 bi

$170 bi

*Source: AIAFacts&Figures

**Source: MarketsAndMarkets

**Source: Bloomberg

Icing 

simulation***

$1 bi

Wings

18,34%

Propellers

13,36%

Tail

12,43%

Engine Inlets

9,24%

Nacelle

8,69%

Air Data 
Probes
8,41%

Sensors
7,65%

Windshields
21,87%

Source: Company Websites, Annual Reports, Press Releases, Investor Presentations, -, Secondary 

Journals, Industry News Websites, Experts’ Interviews and MarketsandMarkets Analysis.

40% are sensors, air data probes, 

windshield



Drones Icing

✓ Icing was in the top 5 Most Wanted list of National Transport Safety Board

✓ SAE AC-9C is releasing new AIR for UAV/Drones Ice Protection

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

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

✓ Drones manufacturers are not open to discuss operation details

✓ 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=U1FJ2PQAgV8

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


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.

Predator UAV General DynamicsDJI Phantom 3

Drones Market

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



Pilot Case

DJI Phantom 3

Ice detector

Fully integrates drones and sensor

Drones are the most growing market in the world



Pilot Case Conditions

✓ Contracted by ice detector manufacturer

✓ Perform initial aerodynamic and impingement 

simulation on drone

✓ Ice protection simulation not included

✓ Standard liquid supercooled water icing conditions

✓ Objective: to check current location of ice detector

✓ Conditions: cruise, ascent, descent, hover



Ice Detector



Drone Characteristics

The maximum rotational speed is around 7,000 to 8,000 RPM

The aircraft, the angle can reach 35° when reaching max speed

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

No.1 and No.3 CCW and silver. 

No.2 and No.4 CW and black. 

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


Drone Aerodynamics

16

13

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

source

https://www.technik-consulting.eu/en/optimizing/long_range_drone.html

source

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



Check of flight conditions

Phase FX [lbf] FY [lbf] FZ [lbf] Weight [lbf] Diff [lbf]

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



Drone icing conditions

L1 condition as per SAE AS 5562

Test  
Number Conditions SAT 

MVD 
(LWC) LWC IWC 

MVD 
(IWC) Duration 

Dis 
 

  deg C  g/ cu. m g/cu. m  min Nm 

L1 Liquid Phase Icing -10 20 2.5 0 0 5 25 

L2 Liquid Phase Icing -20 20 1.85 0 0 5 25 

L3 Liquid Phase Icing -30 20 1.1 0 0 5 25 

L4 

Liquid Phase Icing 
 

-10 
 

20 
 

.6 
2.2 and .6 

.6 
0 
 

0 
 

20 
10 (1 min cycles 
between LWC) 

10 

 

L5 

Liquid Phase Icing 
 

-30 
 

20 
 

.2 
1.0 and .2 

.2 
0 
 

0 
 

20 
10 (1 min cycles 
between LWC) 

10 

 

M1 Mixed Phase Icing -10 20 1 4 1000 5 25 

S1 Solid Phase Icing -35 0 0 2 1000 15 120 

S2 Solid Phase Icing -35 0 0 5 1000 5 40 

R1 Rain (droplets) -2 to 0 1000 2 0 0 15 75 

R2 Rain (droplets) -2 to 0 2000 6 0 0 5 25 

R3 Rain (droplets) -2 to 0 2000 15 0 0 0.33 1.6 

SLD1 Freezing Drizzle 1 -10 20 .44 0 0 5 25 

SLD2 Freezing drizzle 2 -25 105 .27 0 0 5 25 

SLD3 Freezing Rain 1 -10 20 .31 0 0 5 25 

SLD4 Freezing Rain 2 -25 525 .26 0 0 5 25 

 
Distance conversions: 
 
L, M, R, SLD = 300 KTAS 
S = 480 KTAS 

Critical Glaze Ice

with CAS = 31.9 Knots

L1 condition is conservative enough for impingement study 

No ice protection involved in this project

CM LWC= 0.44 g/m3

SAT=0.1 °C

MVD=20 mm

Alt = 0 to12 Kft
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Theoretical Definition

𝛽 or water collection coefficient

𝛽=
𝑑𝑌0
𝑑𝑆

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

𝐶𝑝 =
𝑝−𝑝∞
1

2
𝑝∞𝑉∞

2
=

𝑝−𝑝∞

𝑝0−𝑝∞

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

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝐿𝑊𝐶𝑙𝑜𝑐𝑎𝑙

𝐿𝑊𝐶𝑓𝑟𝑒𝑒𝑠𝑡𝑟𝑒𝑎𝑚

LWC = liquid water content of the cloud [g/m³]



Results

Cruise Flight



Results Cp



Results Vel Mag



Results Beta



Results LWC



Results Concentration Factor



Results Concentration Factor



Results

Ascent flight



Results Cp



Results Vel Mag



Results Beta



Results LWC



Results Concentration Factor



Results Concentration Factor



Results

Hover flight



Results Cp



Results Vel Mag



Results Beta



Results LWC



Results Concentration Factor



Results Concentration Factor



Results

Descent flight



Results Cp



Results Vel Mag



Results Beta



Results LWC



Results Concentration Factor



Results Concentration Factor



Preliminary Notes

Drone geometry, AOA, speed and rotation not validated 

→ it requires a flight testing

Four conditions approximately simulated – cruise, ascent, descent, hover

→it 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 



Let’s keep

the world safe 

using Icing 

Simulation 



ATS Offices

U.S.

• Aerothermal Solutions and Software Distributor LLC
✓ 201 S. Biscayne Blvd, Suite 1200 – Miami, FL

✓ phone: 1-888-564-2475

• DUNS 081176409 and CAGE Number 86FN8

• ATS4i Engenharia, Estudos e Projetos Ltda.
✓ Av. Pompéia, 634 cj. 113 – Vila Pompéia – São Paulo, SP

✓ Rua dos Piqueroes, 40 cj. 710 – São José dos Campos, SP

Brazil

gasilva@ats4i.com

+1 888-564-2475

www.ats4i.com
Thank you!

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


One solution 3D icing tool coupled with CFD

CFD Water Film Model Implementation Results



ATS Associate previous experience

✓ SAE Aerodesign Competition

✓ Team won Brazil and World Championships

✓ SAE award for Innovation

✓ Competition in US won by Pedro’s team


