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In this paper, effects of runback ice accretion on NACA 23012 airfoil have been studied in an
experimental and numerical manner. According to this purpose, experiments have been done
using runback ice within Reynolds No. 0.6 106 over the angle of attack from to 20 degrees and
results have been compared with the clean airfoil results. Having examined behavior of the flow
pattern and aerodynamic coefficients of the iced airfoil, results were compared with those of the
clean airfoil. It can be concluded that icing phenomenon affects aerodynamic performance of the
airfoil in two ways; first, it occurs at low angles of attack prior to stalling of the airfoil and the
effect is local. In this case ice accretion on the airfoil contributes to formation of flow separation
bubble behind the ice ridge on the upper surface of the airfoil. After numerical simulation of flow
field, flow separation bubble behind the ice ridge was observed. The main effect of icing which is
related to the second way occurs at angles of attack close to stall and post-stall. In this case flow
pattern around the airfoil as well as aerodynamic coefficients undergo fundamental change. ln
addition, it was clear runback ice causes stall angle to decrease degrees and maximum lift is
reduced about percent.

Keywords:
Aviation accidents
Airfoil icing
Runback ice
NACA23012 airfoil

  

1 -   

]1 .[1990 2006 240 

]  2 .[

  -
 .

 . -

 .

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

9-
23

 ]
 

                               1 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.8.4
https://mme.modares.ac.ir/article-15-873-en.html


    

 NACA23012     

  

8  1394156  

40-  ]3.[ 
22000 

] 2.[  -
7000 9000 

20000 
]3 .[

 
   -

 .

  .
    

] 3.[  

 .  -
 

 ]4[ .
 :1 (1 2 (2 3 (3 4 (

4 5 (5 ]5 .[  
     
 .    

 .  
  

   )
  

.   
     -

  .  
] 6]   [7[   

  
     -

 .   
   

  .
  

)  
 ( .

 )  )S( 
  )

T(  )1  .
  

1- Roughness 
2- Horn ice
3- Streamwise ice
4- Spanwise-ridge ice
5- Runback ice

)  ) 
 ).  

 

   -
) R.(     

   S R  
 . 

)  (
  )  
  .

    
  

]   .8 [1999 
NACA23012 Re = 1.8 × 10 

 .
 .-

 .2009] 9 [
NLF-0414

 .2010
NACA23012 

]5 .  [  
] 10[        

NLF-04142011
]  11 [

B737/700

 . 
2013] 12[

 .  

1 
] 6[  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

9-
23

 ]
 

                               2 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.8.4
https://mme.modares.ac.ir/article-15-873-en.html


    

 NACA23012    

1394156  9  

B737-700B737-200ADV 
NACA23012  .

1ICEMCFD 
 .2014 ] 13 [-

NACA 23012 
 .

 .2015 
]14 [ ( ) 

.  

 -

 .
NACA 23012 )

Re = 0.6 × 10 
 .

 :1 - 2- 
  

2 -   

   
  1 2/1  3 

 )2  .( 
15/0  

  5/0   .
 

8 .  
 ] 5 [

(NG0671)) 3 .(

 .1 
  

  
2    

1- ANSYS ICEMCFD

  
3  NACA23012 ]5[

 
cm 4/35 cm 75 )  2  .(

 
( m) 0.05  .4 -

18 
10 mm 6/0 

 .  ( )5  -
 

  
  

  
4   

  
)  

)  
 5  ( ) 

 ( )NACA23012  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

9-
23

 ]
 

                               3 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.8.4
https://mme.modares.ac.ir/article-15-873-en.html


    

 NACA23012     

  

10  1394156  

  

1 NACA23012 ]5[  

      
kndeg

  
g/m

  
 m  

      
  

  NG0671141  1/1  91/0  28  1/5-  9/22  7/7-  2/18  5/22  
  

 .
.

 
 DC005NDC4 1

) A/D (16 32  2NI PCI–6224 
34 F.F.S )

 
20  

1000  .
 -

 
01/0C ±002/0C002/0C ±001/0C ±  .

(C )(C )(C ) 
 (C )   

C = ( )/(0.5 ) C /(0.5 C /(0.5 ) 
C /(0.5 ) P 

 P L D  
)M    V 

c  . 
075/0 600000 )    
m/s 25)  (-

 ( 25 
 (0.6 × 10 ) Re 0.05 × 10  .

) .  

) 5 0560-5126 (
 . 11  

 20)  +2  (  

3 - 
          . 
  600000         

            .
6 

1- Honeywell 
2- National Instrument
3- LabVIEW 
4- Pressure Field 
5- Testo 

  
       

           
    -  .

 .7 8 
 .

 
 .      303862 

           .  

 6   

 7   

 8   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

9-
23

 ]
 

                               4 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.8.4
https://mme.modares.ac.ir/article-15-873-en.html


    

 NACA23012    

1394156  11  

4 - 
4-1- )   

9 10 

 .
= 1 

 . 10 
0.02 

]  15 [
2/8  .9

 .

  
10 16 

 
12 16 Cp -3.19   

Cp -3.56  .

 .16 
0.06  .18 

 
0.02 

) 10(
12 

)  
  .(

 .
16 

0.8 
  

 9 x/c 6 8 10 
NACA 23012  

  
 10 x/c 12 16 18 

NACA23012  

  
 11 x/c 10 

NACA23012

18 

)  0.1(
(C 0.65)  

 .
) 

 (
) 

.(  

4-2 -   

10 18 11 15 
 .

 ( )10 14 
 .

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5
-0.05 0.15 0.35 0.55 0.75 0.95

 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

9-
23

 ]
 

                               5 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.8.4
https://mme.modares.ac.ir/article-15-873-en.html


    

 NACA23012     

  

12  1394156  

 

 .

 .
 .

 .
  

)  (
14 

) 13  .(  
14 

) 0.8 ( .14
16 

)  0.15(
 -

 .
15 18 

) 0.07(

  

5 - 
 .

16 
12   

  

12 x/c 12 
NACA23012  

 13 x/c 14 
NACA23012  

  
14 x/c 16 

NACA23012  

  
 15 x/c 18 

NACA23012  

 .
  

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5
-0.05 0.15 0.35 0.55 0.75 0.95

 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

9-
23

 ]
 

                               6 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.8.4
https://mme.modares.ac.ir/article-15-873-en.html


    

 NACA23012    

1394156  13  

         
   17 19    .     
       .

10 14 
 .

 .

17 18 
14 12  .

 -

  
 16 x/c 12 

NACA23012  

 17 12 

 18 14   

 19 16   

6 -   
19 16  

 

 .    
            
        .  

20 
 .

1614  .
2 

8 
21  .

22 . 21 
 

 
 ( ) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

9-
23

 ]
 

                               7 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.8.4
https://mme.modares.ac.ir/article-15-873-en.html


    

 NACA23012     

  

14  1394156  

  
20  NACA23012  

  
21  NACA23012  

22 
NACA23012  

23 
NACA23012  

 16 
 .

21 22 
16 

60  .
1

18 
 -

 
23 

. 

  .
  -

) 16 

  

 ( )  .

 .  

1- Breguet Equation

0

0.05

0.1

0.15

0.2

0.25

0.3

0 2 4 6 8 10 12 14 16 18 20

 

)(

0

5

10

15

20

25

10 12 14 16 18 20

L
/

D

)(

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0 2 4 6 8 10 12 14 16 18 20

 
 

 

)(

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

9-
23

 ]
 

                               8 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.8.4
https://mme.modares.ac.ir/article-15-873-en.html


    

 NACA23012    

1394156  15  

   .
 ( ) 

 .
 -

 

 ( ) .

 .

  ( )

)  .

 ( ) 
 .

 .
)  

 .

  

7 -   
NACA23012 

Re = 0.6 × 10 
 .

 .
2 8 

 . 
16 14 

 .
16 

60 
 .18 

  

8 - 
C  ) m(  

CD    
C L    

CM,LE    

CP    
D  ) N(  
L  ) N(  

M    
P  ) Nm-2(  

) Nm-2(  
Ra  ) m(  
Re    

) ms-1(  
x,y    

  
)deg(  

  ) kgm-3(  

9- 
[1] K. Venkataramani, L. McVey, R. Holm, K. Montgomery, Inclement Weather

Considerations for Aircraft Engines, AIAA Paper No. 2007-0695, 2007.
[2] J. Mason, W. Strapp, P. Chow, The Ice Particle Threat to Engines in Flight

44th AIAA Aerospace Sciences Meeting, Reno, Nevada, pp. 9-12. 2006.
[3] M. B. Bragg, I. Paraschivoiu, F. Saeed, Aircraft Icing Wiley Interscience

Publication, New York, 2002.
[4] M. G. Potapczuk, J. J. Reinmann, Icing Simulation: Survey of Computer

and Experimental Facilities NASA Lewis Research Center, AGARD CP-496,
1991.

[5] A. P. Broeren, E. A. Whalen, G. T. Busch, M. B. Bragg, Aerodynamic
Simulation of Runback Ice Accretion, Journal of Aircraft Vol. 47, No. 3, pp.
924-939, 2010.

[6] W. B. Roberts, Calculation of Laminar Separation Bubbles and Their
Effect on Airfoil Performance, AIAA Journal Vol. 18, No. 1, pp. 25-31, 1980.

[7] M. B. Bragg, A. Khodadoust, S. A. Spring, Measurements in Leading-Edge
Separation due to Simulated Airfoil Ice Accretion, AIAA Journal Vol. 30,
No. 6, pp. 1462-1467, June 1992.

[8] S. Lee, M. B. Bragg, Experimental Investigation of Simulated Large Droplet
Ice Shapes on Airfoil Aerodynamics, Journal of Aircraft Vol. 36 No. 5, pp.
844-850, 1999.

[9] M. Mirzaei, M. A. Ardekani, M. Doosttalab, Numerical and experimental
study of flow field characteristics of an iced airfoil, Aerospace Science and
Technology Vol. 13, No. 6, pp. 267-276, 2009. 

[10] A. Doostmahmoudi, M. Mirzaei, M. Nazemian alei, Experimental study on
flow pattern and aerodynamic coefficients of NLF-0414 iced airfoil 18th
international Conference on Mechanical Engineering, Tehran Iran, 2010.
(In Persian) 

[11] N. Alègre, D. Hammond., Experimental Setup for the Study of Runback
Ice at Full Scale, Journal of Aircraft Vol. 48, No. 6, pp. 1978-1983, 2011.

[12] K. Parmar, The Aerodynamic Effects of Runback Ice PhD Thesis,
University of Cranfield, Cranfield, 2013.

[13] G. Pouryoussefi, M. Mirzaei, M. Fouladi, A. Doostmahmoudi,
Experimental investigation of icing effects on aerodynamic parameters
of NACA 23012 airfoil, Journal of Aeronautical Engineering accepted
paper, 2014. (In Persian)

[14] D. Mangini, C. Antonini, M. Marengo, Runback ice formation mechanism
on hydrophilic and superhydrophobic surfaces, Cold Regions Science and
Technology Vol. 109, pp. 53-60, 2015.

[15] A. P. Broeren, H. E. Jr. Addy, M. B. Bragg, G. T. Busch, D. Guffond, E.
Montreuil, Aerodynamic Simulation of Ice Accretion on Airfoils,
NASA/TP-2011-216929 June 2011.

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

9-
23

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.8.4
https://mme.modares.ac.ir/article-15-873-en.html
http://www.tcpdf.org

