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drone ...

/droon/

: an unmanned aircraft or ship guided by
remote control or onboard computers



GLoBAL UAV MARKET

USD 12.1b

m Military

B Commercial

2018 2025

Source: Market Study Report LLC & MarketsandMarkets INC Date: 2018



Civil UAV Applications
= Agriculture

= Construction

" Photography & Film

= Marine operations

= Arctic operations

= Deliveries













ATMOSPHERIC ICING
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Rime: T<<0°C Glaze: T=0°C







Welocity magnltude




ICING EFFECTS
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ICE MORPHOLOGIES

Surface roughness
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ICE MORPHOLOGIES

| Streamwise ice
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INFLUENCE OF SIZE
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LEWICE 2D: v=25m/s, t=20min, T=-20°C, MVD=20um, LWC=0.21g/m?
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LEWICE 2D: c=0.1m, T=-20°C, MVD=20um, LWC=0.21g/m?
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ICING SIMULATION
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Airfoil geometry
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Flow solution

Velocity magnltude
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Airfoil geometry
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Droplet solution
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Droplet solution




Droplet solution




Airfoil geometry

Mesh

Droplet solution '
Flow solution



Collection efficiency



Collection efficiency

Energy & mass calculations
(Messinger model)



lce growth (t=1)



lce growth (t=2)



lce growth (t=3)



lce growth (t=4)



Airfoil geometry

Ice growth
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Airfoil geometry

Ice growth ‘

b

Mesh

Droplet solution '
Flow solution



1_&._ .“m_,_mﬁ_ﬁ.-nli

#Mwuwﬁ, ﬁ%

SR S
b Y

‘_ .’ i, ..”__m_“w"a_,

-\-\.
™.
LL.\.
[

EourA




1T



v
T e AAT

’y‘mﬂ

i

Ve
i
VAPAVAI-
A

L T
)

EAVE Wy
e
e

AN
AR
n«mmmm‘mmm. W,
AR
PR
AR

oI

g v
.

D

S
o

A

/N

s
P

A e i
avaesy

A e N
e AT

s
Ay,
AV

%

LA
s
A7
/

Bl

7]
]
|

u‘\"ﬁ
/]

AL ﬂq}ﬂ“"
T
v e AN
LN = )1’.‘-‘_

5

Ly

%
%
4

o
Pk
\VAAT
AR
Y
<]

Z
s
%
;V
















Welocity magnltude
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CFR 14, Part 25, Appendix C icing envelope



Xapul uoljepelBap Y



»A toolbox alone, does not make a handyman!“

- German proverb



LOW-REYNOLDS VALIDATION






= OVERVIEW PAPER™

= \V/ALIDATION DATABASE

" |CING PROTECTION SYSTEM
ENERGY REQUIREMENTS

" [CING ON PROPELLERS

*SAE EDGE REPORT: “UNSETTLED TOPICS IN UAV ICING”
EST. Q1 2020
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onclusions




Conclusions

" |cing is a severe hazard for UAVs.

= Severity depends on UAV type, mission,
icing environment, ...

" |cing may be more severe for UAVs than
for manned aircraft.

= Mature icing simulation methods exist but
lack validation for UAVSs.

" Tailor-made icing protection systems for
UAVs are required.




Questions?
richard.hann@ntnu.no
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