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Abstract

Local aerodynamics plays an important role in aviation. Even small changes in the geometric shape of the aircraft 

separate structural elements in the area of vortex bundles forming aff ect signiÞ cantly the vortex structure, its 

interaction with the aircraft elements and, eventually, its aerodynamic characteristics.

As of today, vortex generators are increasingly applied in aerodynamics to improve the wing ß ow-around and strife 

the boundary layer separation. Typically, the vortex generator represents a small elongation wing set normal to the 

surface at the certain angle of attack to the incoming ß ow direction to form a longitudinal tip vortex. Vortex generators 

application relates to the passive methods of ß ow control and leads to a slowdown or complete elimination of ß ow 

disruption due to redistribution of the longitudinal momentum of the moving medium.

With optimal arrangement of the vortex generators, the boundary layer separation from the wing surface may be 

signiÞ cantly reduced. However, in real ß ight, especially in conditions of separation ß ow, the incoming ß ow to the 
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vortex generator ensuring at the desired angle is rather diffi  cult. It should be noted herewith that the vortex generator 

smooth operation ensuring requires a certain angle of attack and its stable ß ow-around by the airß ow.

The article presents a numerical study on the eff ect on the vortex generator separation zone and the hinge moments 

of the deß ected ß ap. The authors proposed installing the vortex generator in the airß ow behind the air propeller 

to sustain constant ß ow-around of the vortex generator.

The computational model under study is a straight wing with a symmetrical NACA 642A015 proÞ le, with two ß aps 

and a puller propeller of a 0.23 m diameter installed in its mid-length. The computations were performed at the 

propeller rotation at 10,000 rpm. The relative pitch ratio the propeller is J = 1.

To ensure stable operation of the vortex generator, it was placed behind the propeller on the wing upper surface 

at an angle of 45 to the incoming ß ow, which was selected according to the design speciÞ cs of the model and 

installation angle of the propeller blades.

The computations were performed on a structured grid containing about 20 million cells. To compute the air 

movement, two zones were built: the Þ rst zone with translational air movement impinging on the wing model 

under study at the speed of V = 40 m/s, and the second computational zone with rotational air movement around 

the rotor blades.

The numerical study was accomplished by the program based on solving the Reynolds-averaged Navier�Stokes 

equations, under experimental conditions in a wind tunnel with a wing elongation of λ = 2.8, as well as in free air 

ß ow with a wing elongation of λ = 5 at numbers M = 0.12 and Re = 0.7 ∙ 106 within the range of angle of attack of 

�20 ≤ AoA ≤ 20.
Numerical studies of the wing interference with a propeller and a vortex generator revealed that a vortex generator 

might be applied to reduce the separation zone on the wing, the drag, as well as the hinge torque of the deß ected 

wing mechanization.

The article demonstrates the practicability of the vortex generator placement behind the air propeller, which ensures 

a certain angle of airß ow and necessary velocity of the incoming ß ow, to ensure favorable interference.

Keywords: aerodynamic characteristics, straight wing, vortex generator, pulling propeller, ß ow disruption from the 

wing, hinge moments, CFD-methods
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$57G?PF0FO D0EK5F0 CD54EF02?5AO 2 F01?8J5. #B-

>070AB, KFB E 35A5D0FBDB@ 28ID5= >BQHH8J85AF 
CB4N5@AB= E8?O Cy G25?8K8205FES 2 1,2 D070, G@5AP-

$8E. 3. #B?SD0 >DO?0
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       0           1
$8E. 4. #B?5 E>BDBEF5= (@/E) CBE5D548A5 35A5D0FBD0 28ID5= 2 E5K5A88 >DO?0 C?BE>BEFPR XOY:

              0 � 157 35A5D0FBD0 28ID5=; 1 � E 35A5D0FBDB@ 28ID5=

       0           1
$8E. 5. �8A88 FB>0 (@/E) CD8 B1F5>0A88 @B45?8 >DO?0, α = 10: 0 � 157 35A5D0FBD0 28ID5=;

              1 � E 35A5D0FBDB@ 28ID5=

L05FES >BQHH8J85AF EBCDBF82?5A8S Cx 8 2 8FB35 
2 1,3 D070 2B7D0EF05F >BQHH8J85AF 0QDB48A0@8K5-
E>B3B >0K5EF20 k.

&0>8@ B1D07B@, 2708@B45=EF285 2B74GLAB3B 
28AF0 8 35A5D0FBD0 28ID5= G@5APL05F D07@5DO 

BFDO2AB= 7BAO, G25?8K8205F CB4N5@AGR E8?G 8 

EA8605F EBCDBF82?5A85 >DO?0 (E@. F01?8JG).

�QDB48A0@8K5E>85 I0D0>F5D8EF8>8 >DO?0, α = 10

К@K;> Cy Cx mz k

157 35A5D0FBD0 28ID5= 0,5313 0,1299 0,0264 4,0909

E 35A5D0FBDB@ 28ID5= 0,6319 0,1225 0,0225 5,1570

Р97C;LB4BK @4AG9B4 >5B9:4=8я :@K;4
6 A6>5>8=>< ?>B>:9
% J5?PR BCD545?5A8S 480C07BA0 G3?B2 0F0>8, A0 

>BFBDOI 35A5D0FBD 28ID5= B>07O205F CB?B68F5?P-
AB5 2?8SA85 A0 B1F5>0A85 >DO?0, 1O?B CDB4B?65AB 
K8E?5AAB5 8EE?54B20A85 QFB3B >DO?0 E 2B74GLAO@ 

28AFB@ (E@. D8E. 1, 0 F0>65 [17]), AB FB?P>B 2 E2B1B4-
AB@ CBFB>5 8 157 EF5AB> 0QDB48A0@8K5E>B= FDG1O. 

!B 4?S CB?GK5A8S 8AHBD@0J88, 1B?55 1?87>B= > 

A0FGDAO@ GE?B28S@, BFABE8F5?PAB5 G4?8A5A85 8E-
E?54G5@B3B >DO?0 1O?B G25?8K5AB E λ = 2,8 4B λ = 5 

8 53B C?BM04P EF0?0 S>D. = 0,288 @2 (D8E. 6). $0EK5F 
1O? CDB2545A 2 F5I 65 GE?B28SI, KFB 8 2 D01BF5 [17], 

CD8 K8E?0I   = 0,12 8 Re = 0,7 ∙ 106 2 480C07BA5 G3?B2 
0F0>8 �20 ≤ α ≤ 20.
$57G?PF0FO D0EK5F0 0QDB48A0@8K5E>8I I0D0>F5-

D8EF8> >DO?0 E 2D0M0RM8@ES 28AFB@ CB>070AO 

A0 D8E. 7. �84AB, KFB A0 4B>D8F8K5E>8I G3?0I 0F0>8 

35A5D0FBD 28ID5= CD0>F8K5E>8 A5 B>07O205F 2?8-

SA8S A0 CB4N5@AGR E8?G >DO?0 8 G@5APL05F 55 
FB?P>B A0 70>D8F8K5E>8I (D8E. 7,0). �B 2E5@ 480C0-
7BA5 4B>D8F8K5E>8I G3?B2 0F0>8 35A5D0FBD 28ID5= 

G@5APL05F EBCDBF82?5A85 >DO?0, AB A081B?PL8= 

QHH5>F BF GEF0AB2>0 35A5D0FBD0 28ID5= 70 2B74GL-

AO@ 28AFB@ A01?R405FES 2 480C07BA5 �5 ≤ α ≤ 5, 

$8E. 6. "1M8= 284 D0EK5FAB= @B45?8, λ = 5
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345 EBCDBF82?5A85 G@5APL05FES 2 ED54A5@ A0 17% 

(D8E. 7,1), 2E?54EF285 K53B CB?SD0 >DO?0 E428305FES 
2?52B (D8E. 7,2). � D57G?PF0F5 G >DO?0 E 35A5D0FBDB@ 

28ID5= @0>E8@0?PAB5 0QDB48A0@8K5E>B5 >0K5EF2B 
G25?8K8205FES A0 5% (D8E. 7,3).

Ч8A;9==K9 8AA;98>64=8я C<9=LH9=8я H4@=8@=>7> 

<><9=B4 >B:;>=9==>7> 74:@K;:4 ?@8 ?><>I8
79=9@4B>@4 68E@99
�725EFAB, KFB CD8 B14G25 2B74GLAO@ 28AFB@ 

A0 CB25DIABEF8 BF>?BA5AAB= @5I0A870J88 >DO?0, 
A0IB4SM5=ES 2 7BA5 B14G20, 2B7D0EF05F 402?5A85, 
2E?54EF285 K53B G25?8K8205FES 55 L0DA8DAO= @B-
@5AF [20]. %?54G5F BF@5F8FP, KFB K5@ 1B?PL5 L0D-
A8DAO= @B@5AF BD30AB2 GCD02?5A8S, F5@ 1B?PL5 
@BMABEFP 8 3010D8FO E5D2B>B@C5AE0FBDB2 8?8 

1GEF5DAB= E8EF5@O, 0 F0>65 8I 25E [21, 22]. #BQFB@G 
CDB2B4SFES 8EE?54B20A8S CB EA865A8R L0DA8DAOI 
@B@5AFB2. � A0EFBSM55 2D5@S 0>F82AB5 D0728F85 
D0EK5FAOI @5FB4B2, GK8FO20RM8I 2S7>BEFP CD8-

EF5ABKAB3B CB3D0A8KAB3B E?BS, CB72B?S5F 4B-

EF0FBKAB FBKAB BCD545?SFP L0DA8DAO5 @B@5AFO 

BF>?BAS5@OI CB25DIABEF5= 8 D5L0FP @AB385 7040K8 

>BAEFDG>J88 ?5F0F5?PAOI 0CC0D0FB2 A0 EF0488 CDB-
5>F8DB20A8S [23�26].

          0                 1

          2                 3
$8E. 7. �028E8@BEF8 0QDB48A0@8K5E>8I I0D0>F5D8EF8> >DO?0 BF G3?0 0F0>8:

              0 � >BQHH8J85AF0 CB4N5@AB= E8?O; 1 � >BQHH8J85AF0 EBCDBF82?5A8S;
              2 � CB?SDO >DO?0; 3 � 0QDB48A0@8K5E>B3B >0K5EF20
              (  � 157 28ID535A5D0FBD0;   � E 28ID535A5D0FBDB@),   

� A0EFBSM5= D01BF5 CD54EF02?5AO D57G?PF0-
FO K8E?5AAB3B 8EE?54B20A8S CB G@5APL5A8R 

L0DA8DAB3B @B@5AF0 70>DO?>0 CD8 CB@BM8 

35A5D0FBD0 28ID5=. $0EK5FO 1O?8 2OCB?A5AO A0 
@B45?8 F0>B3B 65 >DO?0, >0> A0 D8E. 6, AB E BF-
>?BA5AAO@ 2B 27?5FAB5 CB?B65A85 70>DO?>B@ 

·7>D = 20. (BD@0 8 D07@5DO 35A5D0FBD0 28ID5=, 

0 F0>65 G3B? 53B GEF0AB2>8 45 > A01530RM5@G 
CBFB>G BEF0?8EP 157 87@5A5A8= (E@. D8E. 1,1), AB 
4?S 53B 2708@B45=EF28S E 70>DO?>B@ 2 QFB@ E?G-
K05 35A5D0FBD 28ID5= 1O? D07@5M5A CB4 CD02B= 

>BAEB?PR >DO?0 (D8E. 8).

�BQHH8J85AFO L0DA8DAOI @B@5AFB2 1O?8 

D0EEK8F0AO BFABE8F5?PAB BE8 2D0M5A8S 70>DO?>0 
CB HBD@G?5:

ø

ø

çêð çêð

,
M

m
S q b


 

345  L � @B@5AF BFABE8F5?PAB BE8 2D0M5A8S 70-
>DO?>0; S7>D  = 0,0104 @2 � C?BM04P CDB5>J88 70-
>DO?>0 A0 C?BE>BEFP XOZ; q � E>BDBEFAB= A0CBD; 
b7>D = 0,052 @ � IBD40 70>DO?>0.
'8E?5AAO5 8EE?54B20A8S CB>070?8, KFB F0>0S 

GEF0AB2>0 35A5D0FBD0 28ID5= A5 2A5E?0 >0>8I-?8-

1B EGM5EF25AAOI 87@5A5A8= 2 0QDB48A0@8K5E>85 
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0

1
$8E. 8. "1M8= 284 D0EK5FAB= @B45?8 >DO?0, λ = 5,

              ·7>D = 20: 0 � 284 E1B>G; 1 � 284 EA87G

I0D0>F5D8EF8>8 @B45?8 >DO?0, 0 B>070?0 2?8SA85 
FB?P>B A0 L0DA8DAO= @B@5AF 70>DO?>0.
#B D0ECD545?5A8R 402?5A8S A0 A86A5= CB25DI-

ABEF8 >DO?0 284AB, KFB A0 CD02B= >BAEB?8 >DO?0 
35A5D0FBD 28ID5= G25?8K8205F C5D54 EB1B= 402?5A85 
A0 BEAB2AB= K0EF8 >DO?0 8 EB7405F D07D565A85 A0 
70>DO?>5 (D8E. 9). � 2E?54EF285 QFB3B  G@5APL05FES 
L0DA8DAO= @B@5AF 70>DO?>0 (D8E. 10). �5A5D0FBD 
28ID5= G@5APL05F L0DA8DAO= @B@5AF 70>DO?>0 
2 480C07BA5 G3?B2 0F0>8 �2 ≤ α ≤ 10 2 ED54A5@ 

CD8@5DAB A0 6%, AB A081B?PL8= QHH5>F 11% A0-
1?R405FES CD8 AG?52B@ G3?5 0F0>8.

�K6>8K
'8E?5AAO5 8EE?54B20A8S 8AF5DH5D5AJ88 35A5-

D0FBD0 28ID5= 8 >DO?0 E 2B74GLAO@ 28AFB@ CB>0-
70?8, KFB 35A5D0FBD 28ID5= @B6AB 8ECB?P7B20FP 4?S 
G@5APL5A8S BFDO2AB= 7BAO A0 >DO?5, G@5APL5A8S 
EBCDBF82?5A8S, 0 F0>65 4?S EA865A8S L0DA8DAB3B 
@B@5AF0 BF>?BA5AAB= @5I0A870J88 >DO?0.
�5A5D0FBD 28ID5= 8@55F BCD545?5AAO= D01BK8= 

480C07BA G3?B2 0F0>8.  0>E8@0?PAO= QHH5>F CB?B-

$8E. 9. $0ECD545?5A85 402?5A8S A0 A86A5=
              CB25DIABEF8 >DO?0, α = 0

$8E. 10. �028E8@BEF8 >BQHH8J85AF0 L0DA8DAB3B
                @B@5AF0 70>DO?>0 CD02B= >BAEB?8 >DO?0
                BF G3?0 0F0>8, J = 1, ·7>D = 20

68F5?PAB= 8AF5DH5D5AJ88 @B65F 1OFP CB?GK5A CD8 

2O1BD5 D0J8BA0?PAB3B 7A0K5A8S G3?0 0F0>8 8 D0ECB-
?B65A88 35A5D0FBD0 28ID5= 2 7BA5 A081B?PL5= E>B-
DBEF8 B14G20. 'EF0AB2?5AB, KFB 4?S QHH5>F82AB= 

D01BFO 35A5D0FBD0 28ID5= 53B E?54G5F GEF0A02?820FP 
70 2B74GLAO@ 28AFB@, A0CDBF82 >BAJ0 ?BC0EF8, KFB 
B15EC5K8205F A081B?55 QHH5>F82AO= G3B? B14G20 
8 A5B1IB48@GR E>BDBEFP CBFB>0.
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