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FOREWORD

1. This document was developed by EUROCAE Working Group 112 “Vertical Take
Off and Landing (VTOL) and was approved by EUROCAE on 7 February 2024.

2. This document was prepared following a lean development process, as per
EUROCAE Council decision 304-3.
3. EUROCAE, an international non-profit organisation, is the European leader in the

development of worldwide recognised standards for aviation. This is achieved by
utilising the expertise from our members and stakeholders across the global
aviation community.

4, EUROCAE standards are developed following an open, transparent, and
consensus-based process, governed by process and quality management
principles, which are clearly documented and is in line with the World Trade
Organisation (WTO) Technical Barriers to Trade (TBT) Agreement, Annex 3
“Code of Good Practice for the Preparation, Adoption and Application of
Standards”.

5. EUROCAE standards and other deliverables are recommendations and best
industry practices. EUROCAE is not an official body of the European
governments. EUROCAE standards are intended to complement and support the
regulatory and certification framework.

6. Whilst efforts are made during the standards-development process to avoid the
inclusion of proprietary information and material, some of the elements of this
document may be the subject of patent, copyright, or other proprietary rights.
EUROCAE shall not be held responsible for identifying any such rights. Trade
names and similar terms used within this document do not constitute an
endorsement by EUROCAE thereof.

7. Copies of this document may be obtained from:
EUROCAE
9 — 23 rue Paul Lafargue
93200 Saint-Denis
France
Telephone: +33 1 49 46 19 65
Email: eurocae@eurocae.net
Website: www.eurocae.net
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CHAPTER 1

INTRODUCTION

1.1 PURPOSE AND SCOPE

VTOL aircraft present a new and emerging technology that differ from conventional
rotorcraft and fixed-wing aircraft. The EASA VTOL Special Condition [1] refers to VTOL
aircraft as heavier-than-air, person-carrying aircraft in the small-category with lift/thrust
units. The distinction from conventional aeroplanes is based upon the VTOL capability
of the aircraft, while the distinction from conventional rotorcraft is based upon the use
of distributed propulsion, specifically when more than two lift/thrust units are used to
provide lift during a vertical take-off or landing.

Certification for flight in icing conditions is complex. The scope of this document is
therefore limited to a means of compliance for icing-related regulations applicable to
VTOL aircraft that are not certified for flight in icing conditions but may inadvertently
encounter icing conditions, and must have provisions to safely operate while exiting the
icing conditions. This document also covers snow conditions that are applicable to
VTOL aircraft during an inadvertent encounter or for continuous operation.

For aircraft that are not certified to fly in icing conditions, the priority is to avoid
operations in conditions where icing is likely to occur. VTOL.2165(b) [1] requires an
applicant to provide a means to detect any icing conditions for which the aircraft is not
certified to operate in and demonstrate the aircraft’s ability to avoid! or exit those
conditions.

Ground-based weather detecting and forecasting equipment are in development but the
accuracy at present is limited and therefore cannot be used as the sole means of
compliance for the avoidance of flight into icing conditions. Examples such as current
icing potential (CIP) and forecast icing potential (FIP) [2] in the United States, infer icing
from various sources such as atmospheric soundings, satellite, radar, surface
observations and pilot reports (PIREPS). As a result, the probability of detection of icing
conditions is in the order of 90% which is not sufficient for conducting operations over
congested areas. Automated surface observations also do not report freezing drizzle or
any freezing precipitation. Precipitation is any of the forms of water particles, whether
liquid or solid, that fall from the atmosphere and reach the ground. The precipitation
types are drizzle, rain, snow, snow grains, ice crystals, ice pellets, hail, and small hail
and/or snow pellets [1][23]. When the notice of proposed rulemaking (NPRM) [3] was
written, systems being developed such as Terminal Area Icing Weather Information for
NextGen (TAIWIN) were envisioned as potentially acceptable weather forecasting
products [4]. Airborne-mounted “look ahead” optical based systems are also being
developed but the “look-ahead” distance and accuracy remains limited. Currently, there
are no readily-identifiable solutions that could be implemented to provide a sole means
of compliance to avoid icing conditions with sufficient confidence that an aircraft does
not need to demonstrate safe operation during an inadvertent icing encounter. This
document, however, provides a possible approach for avoiding icing conditions to
ensure that the entire aircraft remains ice-free during operations using an ambient
temperature operational limit (section 8).

For the purposes of providing background to the reader, the regulations applicable to
rotorcraft (CS-27 and 29) and fixed-wing aircraft (CS-23) that are not certified for icing
are presented in APPENDIX A.

This standard addresses icing considerations for the airframe, engines (including
electric engines), and propulsors (rotors, fans, or propellers).

1 This option to “avoid” icing conditions was originally added to the performance-based
rules of FAA regulations (14 CFR 23) at amendment 23-64 and EASA certification
specifications CS-23 Amendment 5.
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1.2 APPLICATIONS

Compliance with this standard, by manufacturers, is recommended as a means of
assuring that the VTOL aircraft will satisfactorily perform its intended function(s) under
all conditions normally encountered during routine VTOL aircraft operations. Any
regulatory application of this document in whole or in part is the sole responsibility of
the appropriate government agencies.

This document sets forth an acceptable means, but not the only means, of
demonstrating compliance with the requirements noted in section 1.5 and section 1.6

The document is not intended to apply to vehicles with autonomous capability i.e., the
ability to conduct a safe flight without the intervention of a pilot.

The document distinguishes between the basic and enhanced category for inadvertent
icing certification. This document is applicable to both VTOL aircraft approved for Visual
Flight Rules (day and night) and Instrumentation Flight Rules operations (day and night).

1.3 DEFINITIONS AND ABBREVIATIONS
AC Advisory Circular
ADS Air Data System
AFM Aircraft Flight Manual
AoA Angle of Attack
AS Aerospace Standard
ASTM American Society for Testing and Materials
ATC Air Traffic Control
CAS Crew Alerting System
CIP Current Icing Potential
Cs Certification Specifications
EASA European Union Aviation Safety Agency
ED EUROCAE Document
eVTOL Electric Vertical Take-Off and Landing
FAA Federal Aviation Administration
FIKI Flight Into Known Icing
FIP Forecast Icing Potential
G Gravitational Force Equivalent
IAW In Accordance With
IFR Instrumentation Flight Rules
IGE In Ground Effect
IMC Instrument Meteorological Conditions
IPS Ice Protection Systems
IWT Icing Wind Tunnel
LwcC Liquid Water Content
METAR Meteorological Terminal Air Report
MOC Means of Compliance
MOPS Minimum Operational Performance Specifications
MSL Mean Sea Level
MVD Median Volumetric Diameter
NPRM Notice of Proposed Rulemaking
OAT Outside Air Temperature
PIREPS Pilot Reports
PS Policy Statement
SAE Society of Automotive Engineers
SAT Static Air Temperature
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SC Special Condition

SLD Supercooled Large Droplet

SSA System Safety Assessment

STOL Short Take Off and Landing

TAF Terminal Aerodrome Forecast

TAS True Air Speed

TAIWIN Terminal Area Icing Weather Information for NextGen

TAT Total Air Temperature

VFR Visual Flight Rules

VTOL Vertical Take Off and Landing
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1.5 RELATIONSHIP TO SC-VTOL

Whilst this standard was developed with a particular view to the European legal
framework, namely the EASA Special Condition VTOL [1], it may be applied to support
other regulatory frameworks.

Regarding the EASA SC-VTOL [1], VTOL.2165 (a) is not applicable for VTOL aircraft
that are not certifying for flight in icing conditions. This standard supports the showing
of compliance with the following requirements for VTOL aircraft not certified for icing:

- VTOL.2165 (b) Flight in icing conditions

- VTOL.2165 (c) Flight in icing conditions

- VTOL.2415 (a) Lift/thrust system installation ice protection

- VTOL.2500 (b) General requirements on systems and equipment function
- VTOL.2505 (a) General requirements on equipment installation

- VTOL.2605 Installation and operation information

- VTOL.2620 Aircraft Flight Manual

1.6 RELATIONSHIP TO OTHER DOCUMENTS

This document can be used as a means of compliance to EHPS.280 [20] when the
EHPS is certified alongside the VTOL aircraft for the same operational envelope i.e., no
flight in icing conditions.
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CHAPTER 2

INTRODUCTION TO ATMOSPHERIC ICING

21 GENERAL

Atmospheric ice formation on VTOL aircraft is a problematic natural phenomenon that
can occur on the ground and in flight. In-flight icing is of primary concern for VTOL
aircraft certification and consists of primarily two main types; ice that accretes on
surfaces due to flight through supercooled clouds, and ice that accretes because of
precipitation containing supercooled large water droplets (SLD). Droplets freezing
instantaneously on impact with the VTOL aircraft form rime ice, which is opaque, milky,
and usually less harmful for aerodynamic characteristics due to the ice shape following
the aircraft profile. At warmer temperatures, droplets might runback off the impact point
along the surface to form glaze ice away from the aerodynamic stagnation point. Glaze
ice is clear, hard, and generally more harmful aerodynamically due to its characteristic
double-horned shape. Mixed ice is a combination of rime and glaze ice. Ice formation
on VTOL aircraft may have an effect on several aircraft parameters and systems
including reducing lift, increasing drag, weight, and stall speed, causing a possible
reduction in the efficiency of the lift/thrust system.

2.2 INADVERTENT ICING ENCOUNTERS

VTOL aircraft that are not certified for flight in icing conditions must plan their flight
routes to avoid such conditions and are prohibited from take-off and subsequent flight
into known or forecast icing conditions. However, the possibility still exists that aircraft
may inadvertently encounter icing conditions enroute i.e., flying through a cloud with
supercooled water droplets at lower outside air temperatures. The only safe option is to
immediately exit these conditions. All icing encounters involve the presence of visible
moisture which can be defined as clouds, fog, or mist, and precipitation. On the ground
this can include standing water, slush, or snow present on taxiways, runways, and on
or near landing sites. Not all precipitation conditions dictate flight in instrumentation
meteorological conditions (IMC), e.g., under light rain/snow.

23 CERTIFICATION ENVELOPE REQUIREMENT

Aircraft certified to EASA SC-VTOL [1] will likely adhere to a maximum pressure altitude
of 10,000 feet (or 3048 m. MSL). Therefore, the icing envelope presented in this
document is based on that contained in FAA AC 29.1419 [5] limited to 10,000 feet (3048
m. MSL). This envelope can be used for all the aircraft components that must be
assessed during an inadvertent icing encounter (refer Figure 2-1 to Figure 2-4). For
VTOL aircraft with a maximum pressure altitude above 10,000 feet (or 3048 m. MSL),
the Appendix C Continuous Maximum and Intermittent Maximum Icing Conditions
envelope [6] must be used.
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FIGURE 2-1: CONTINUOUS MAXIMUM ICING CONDITIONS: TEMPERATURE VERSUS

ALTITUDE (10,000-FEET LIMITED & APPENDIX C ICING ENVELOPES).

AMBIENT TEMPERATURE - °F

32

26 A

20

14 4

-10 4
.16 -4
22 $
-28 4
34

-40

PRESSURE ALTITUDE - KM

1 2 3 4 5

6

7 8 9

SOURCE OF DATA
NACA TN NO. 2569

Al

SHaded Area Used for

Certifications

Limited to 10 000 Ft P.A. |]

NOTE: DASHED LINES INDICATE \
POSSIBLE EXTENT OF LIMITS

1.5
12

125

0

PRESSURE ALTITUDE - FEET

L
o
S°C

AMBIENT TEMPERATURE

T
'

w0

o

1 -35

; . " 1 40
4000 8000 12000 16000 20000 24000 28000 32000
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(10,000-FEET LIMITED & APPENDIX C ICING ENVELOPES).
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NOTE:

55

The Appendix O Supercooled Large Droplet and P Ice Crystal and Mixed

Ice Crystal/Supercooled Liquid Envelope [6] is not to be considered for
inadvertent entry clearance, coherent with CS-23/27/29 airworthiness
requirements not requiring it for aircraft not certified for icing.
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