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Abstract: Atmospheric phenomena can influence flight safety through a series of 

manifestations of the air masses in the flight area. Such a dangerous manifestation is the icing 

that can seriously affect the performance of aircraft and lead to flight events. The article draws 

attention to the phenomenon of icing as located on propellers, a phenomenon which is analyzed 

on both a 2D (aerodynamic profile) and a three-dimensional (three-blade propeller) geometry, 

using the Qblade freeware tool, and in the case of icing formed on the NACA 0009 leading edge. 

The aerodynamic analysis proposed for comparison provides graphical and numerical data 

relevant for an assessment of the degree of influence of icing deposits in the analyzed case, the 

proposed geometries and the generated numerical data can be exported and exploited later, by 

using software analysis tools. 
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Acronyms and symbols 

cl Lift coefficient AoA Angle of attack 

cl/cd Gliding ratio β Local twist angle 

cp Pressure coefficient / power coefficient  T Thrust 

cd Drag coefficient  ρ Air density 

cm Pitch coefficient  D Propeller diameter 

b chord Q Torsion  

α Local angle of attack P Available power 

n Rotation (rot/sec) cn Normal force coefficient  

 

1. INTRODUCTION 

 

Icing manifests itself as deposits of transparent or opaque ice that adhere to certain 

construction components of an aircraft, especially those exposed to stream. Icing can 

affect the wing, tail, propellers (on the leading edges), antennas, windshield, Pitot tubes, 

carburetors or intake engines of jet engines, see Fig. 1.1. It can be found in the case of 

flights in: altocumulus clouds (weak icing) depending on the isotherms in which it flies; 

altostratus clouds (0o isotherm); nimbostratus clouds (glass icing); stratocumulus 

(moderate icing). [1] 

The most common forms of icing that are dangerous for flight safety are: in the form 

of frost, sometimes with moderate intensity (amount of super cooled water with values of 

0.6 / m3<0<1.2 g/m3); in the form of ice that rarely appears (glassy ice); the icing in the 

cumulonimbus clouds and the frontal atmospheric zones have strong intensity (they affect 

the entire surface of the aircraft). [1] 
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FIG. 1.1 Ice buildup on aircraft surfaces, [2, 3] 

 

Icing can affect the aerodynamic performances of aircraft depending on the quantity 

and especially the shape of the ice deposits, the contamination of the aerodynamic 

surfaces producing changes regarding the aerodynamic coefficients, according to the 

graphs in Fig. 1.2. According to specialist references [5] the area prone to ice 

contamination is up to 60% of the blade length, see figure 1.3. 

 

  

 

FIG. 1.2 Modification of aerodynamic coefficients 

due to icing 

 

FIG. 1.3 Areas contaminated by ice below freezing 

point [5] 

 

The favorable temperatures for the icing are for: stable clouds for the range 0o-10oC, 

in which case the icing appears less frequently for a temperature below -18oC; and for 

unstable clouds for the range 0o-15oC, but with frequent icing down to -30oC, [5]. 

The protection of aircrafts against the adverse effects of icing is essential with respect 

to flight safety. Icing is commonly caused due to the impact of super cooled water with 

any part of the external structure of an aircraft during flight. Specific warnings for piston 

propulsion systems icing are not normally included in aviation-specific weather forecasts 

and pilots need to be prepared to deal with this situation based on their own knowledge 

and experience. The main objective of this study is to highlight the influence of icing on 

the propellers of combustion engine-powered aircrafts.  

Partial approaches from this study were presented at the ATMOSPHERE AND 

HYDROSPHERE 2020 conference (fourth edition) at Vatra Dornei organized by Stefan 

cel Mare University of Suceava. [14]. 

 

2. METHODS AND INSTRUMENTS USED IN THE ANALYSIS OF ICING 

 

To highlight the effect of icing on rotating lifting surfaces, a comparative analysis of 

two clean / frosted theoretical geometries is used in two relevant analysis cases: the two-

dimensional case (compared aerodynamic profiles) and the 3D case (compared triple 

propellers). 
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The evaluation of the aerodynamic parameters of the frosted / non-frosted airfoils can 

be done with a series of freeware / trial tools, as follows: Javafoil [6, 7] for 2D 

geometries, XFLR5 [8, 9] for 2D / 3D geometries, Profiles [10] for 2D geometries, 

Qblade [4] for 2D / 3D geometries, Flow5 [11] for 2D / 3D geometries, see figure 2.1. 

The instrumentation of the aerodynamic analysis in this study is realized by means of 

the freeware Qblade [4] which offers a geometric module and an aerodynamic analysis 

module. With the help of the geometric module, airfoils and rotating lifting surfaces 

(propellers with vertical axis and horizontal axis) can be configured, and the aerodynamic 

module offers possibilities for multi-parametric numerical analysis. 

 

 
a  b 

FIG. 2.1 Freeware/trial software, a. Javafoil, b. Flow5. 

 

The proposed comparative aerodynamic analysis provides relevant graphical and 

numerical data for an assessment of the degree of influence of icing deposits in the 

analyzed case, the proposed geometries and the generated numerical data can be exported 

(see annex) and used later using software analysis tools. 

 

3. THEORETICAL ELEMENTS OF ROTARY LIFTING SURFACES 

 

The 3D geometric element subjected to the icing influence analysis is a rotating lifting 

surface (three blades), having the characteristics shown in Fig. 3.1. 

 

 
 

FIG. 3.1 Propeller geometry, [12] 

  

The relevant geometric parameters for our analysis and the characteristic aerodynamic 

coefficients [12, 13] are as follows: 

-power coefficient (cp) equation 3.1: 

 

𝑐𝑝 =
𝑃

𝜌 ∙ 𝑛3 ∙ 𝐷5
= 2 ∙ 𝜋 ∙ 𝑐𝑚 3.1 
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-traction coefficient (ct) equation 3.2: 

𝑐𝑡 =
𝑇

𝜌 ∙ 𝑛2 ∙ 𝐷5
 3.2 

  

-moment coefficient (cm) equation 3.3: 

𝑐𝑚 =
𝑄

𝜌 ∙ 𝑛2 ∙ 𝐷5
 3.3 

 

4. PROPELLER ICING ANALYSIS 

 

4.1 2D analyses 

To highlight the influence of icing on a propeller, we chose to perform an 

aerodynamic analysis on a blade section (aerodynamic profile) NACA 009, in the case of 

a light (theoretical) icing, which includes the following steps: 

a. geometry of the two airfoils, see Fig. 4.1. 

 
 

  

 

FIG. 4.1. Airfoils for analysis 
 

b.analysis conditions (atmospheric and kinetics), table 4.1: 
Table 4.1. Analysis conditions 

Parameter Value Parameter Value 

Air density 1,225 kg/m3 Reynolds number 100000 

Air viscosity 1,5x10-5 Angle of incidence -10o... 10o 

Analysis viscous Boundary layer yes 

Iterations 100   

 

c. grapho-numerical results and interpretation, see figures 4.2-4.7. 

 
 

FIG. 4.2 Pressure coefficient distribution (Cp) vs airfoil chord without icing 
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In the case of the profile not affected by icing (fig.4.2), according to the zero AoA 

distribution of the pressure coefficient (Cp), the overlapping values for intrados versus 

extrados are observed due to the symmetrical geometry of the airfoil. 

According to the distribution at AoA = 0o of the pressure coefficient Cp at zero angle 

of attack, it is obvious the creation of an area with turbulent potential on the attack board, 

due to the irregular geometry in the case of the icing profile (Fig. 4.3). 

 

 
 

FIG. 4.3 Cp vs airfoil chord with icing for AoA=0o  

 

Figure 4.4 shows an obvious decrease in the values of the lift coefficient (Cl) after the 

AoA=6o for the airfoil affected by icing, with a Clmaxclean = 0.79 versus Clmaxicing = 0.65 for 

the AoA=8o. According to figure 4.5 Cd variation, the icing increases the drag especially 

after the angle of attack of 3o. 

  

  

 

FIG. 4.4 Lfting coefficient variation (Cl) vs AoA 

(alpha) 

 

FIG. 4.5 Drag coefficient variation(Cd) vs AoA 

(alpha) 

 

According to figure 4.6, the icing phenomenon affects the aerodynamic fineness / 

gliding ratio (Cl/Cd) with the increase of the angle of attack after the value of 3o, which 

has a direct influence on the decrease of the airfoil efficiency (see figure 4.7). 

d. bi-dimensional aerodynamic analysis conclusions 

Given the choice of small icing deposits on the leading edge of the airfoil, the 

comparative analysis of the two geometries shows an alteration of the relevant 

aerodynamic coefficients, especially after the angle of attack of 3o, AoA at which the 

airfoil of the propeller blades operates in current mode. 
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FIG.4.6 Gliding ratio variation (Cl/Cd) ) vs AoA 

(alpha) 

 

FIG.4.7 Airfoil efficiency variation (Cl3/Cd2) ) vs 

AoA (alpha) 

 

4.2. 3D analysis 

To highlight the influence of icing on performance on a three-bladed propeller, we 

chose to perform a three-dimensional aerodynamic analysis on a theoretical geometry, 

with a slight icing present on the central area of the blade (according to Figure 1.3), the 

analysis steps being as follows: 

a. definition of the theoretical geometry of the two (triple) propellers, having the 

characteristics and performances from table 4.2, see also figure 4.8. 

 
Table 4.2. Propeller performances and characteristics 

Features Value Features Value 

Diameter 2100 mm Hub diameter 100 mm 

Blade nmber 3 Airfoil NACA 009 

Blade form Eliptical Absolut twist angle 22o 

 

 

 

 

 
FIG. 4.8 Theoretical propeller for comparative analysis  

 

b. analysis conditions (atmospheric and kinetics), table 4.3: 
Table 4.3. Analysis conditions 

Parameter Value Parameter Value 

Air density 1,225 kg/m3 Angle of incidence -10o... 10o 

Air viscosity 1,5x10-5 Boundary layer yes 

Analysis viscous Iterations 100 
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c. grapho-numerical results and discussions, see figures 4.9 – 4.10 

 

  

  
 

a 
 

b 

 

FIG.4.9 Power coefficient variation (Cp) vs rotation speed  

(a. whole values interval, b. details) 

 

According to figure 4.9a we observe a similar variation for the two geometries and the 

decrease of the values of the power coefficient (cp) over the whole range of the speed 

value of the propeller (fig. 49b). Figure 4.10 shows a decrease of the traction coefficient 

(ct) for the icing propeller geometry over the entire speed range. 

 

  
 

FIG.4.10 Traction coefficient variation (Ct) vs rotation speed 

(a. whole values interval, b. details) 
 

The torque coefficient (Cm) has a divergent variation of the values of the two 

geometries (non-icing / icing propeller) as the rotational speed increases, see figure 4.11. 

 

  
 

FIG.4.11 Moment coefficient (Cm) vs rotation speed 

(a. whole values interval, b. details) 
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Figure 4.12a shows a decrease in the value of the normal force expressed by the 

coefficient cn depending on the local value of the radius (pos/m), the presence of icing in 

the central area of the blade (0.48 ÷ 0.52 pos/m) indicates a reduction in value 

characteristic coefficient cn, (see figure 4.12c). 

  
a 

 

 b   

c 

 

FIG.4.12 Normal axial force coefficient variation (Cn) vs local radius 

(a. whole values interval, b. details for non-icing propeller, c. details for icing propeller) 

 

d. conclusions of the 3D aerodynamic analysis  

In the case of 3D analysis, a small icing deposition indicates a change in the values of 

the relevant coefficients, values obtained in the case of theoretical geometries similar to 

the propellers used by general aviation aircraft. 

 

CONCLUSIONS 

 

The article highlighted the influence of the presence of a small icing deposit defined 

on the central area of a theoretical propeller using a freeware tool that provides results 

with a limited degree of confidence in the calculation method and the numerical code 

used. 

The limits of the aerodynamic analysis are influenced both by the degree of 

reproduction of the icing geometry on the leading edge of the profile and by the degree of 

confidence of the numerical method that substantiates the approach of the software 

instrumentation. 

The main results revealed a significant influence of icing on the aerodynamic and 

performance variables of propellers of combustion engine-powered aircrafts. Thus, the lift 

coefficient, the drag coefficient and the pitch moment coefficient variables were 

significantly altered in icing contamination leading the aircraft to unstable flight 

conditions. If no intervention is considered, the risk of flight events is considerably high.  
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For a refined multi-criteria comparative analysis of icing cases, the instrumentation of 

a real situation is considered both from an atmospheric and kinetic point of view (aspect 

transposed in the quantity, area and shape of the icing) and from a geometrically relevant 

point of view, similar to an aircraft or of a 1: 1 scale construction element. 

Future study directions are based on a 2D and 3D geometric parameterization of icing 

deposits in conditions of atmospheric and kinetic similarity that reproduce scenarios with 

high degrees of confidence. The 2D and 3D aerodynamic analyzes will use CFD 

instruments based on finite element methods and will be applied to the actual geometries 

of the rotating bearing surfaces (propellers) of the operational aircraft. 
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ANEXES 
 

Propeller geometrical data without icing 
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Propeller geometrical data with icing 

 

 
 

Cp vs rotation 

 

 

Cp vs rotation 

 
 

 

 

Cm vs rotation 

 

Cn vs propeller radius (partial selection) 

  
 


