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ABSTRACT

Concept of disс-wing MAV with propeller in a wing slot has a 

number of advantages and disadvantages. The concept is used 

by MIPTEAM for solving the problem of fixed wing MAV 

indoor flight by means of lift maximization for wing with low 

aspect ratio. There are only few investigations of disс-wing 

MAV aerodynamics with propeller in a wing slot. Present work 

describes numerical investigation technique and aerodynamic 

characteristics obtained. The main results are: good stall 

characteristics of this concept, low lift/drag ratio (further 

improvement is possible) and sophisticated flow pattern. It was 

obtained that the main part of the lift is created by wing surface 

in front of the actuator disk. Also, leading edge separation area 

produces small impact at the lift even at high angles of attack. 

It was found that increasing of the propeller thrust decreases 

maximum lift/drag ratio. Flow features in numerical results 

correspond to the known experimental results and flight tests. 

1 INTRODUCTION

1.1 Background 

/! 3#-?! >#26! :%&)#3*-! 4(Y#4=4! -=%5($*! (23A!

$&2-*K=*27,9A! 7(?*&55! >*#6+7! .(7! *K=(,! &7+*%! $&23#7#&2-1! (7!

7+*!5#Y*3!,(7*%(,!3#4*2-#&2;!@&A!#7!#-!&5!7+*!6%*(7!#27*%*-7!5&%!

7+*!=-(6*!#2!"/0;!<+*!*Y:*%#4*27(,!(#%$%(57!>#7+!5#Y*3!3#-?!

>#26!>(-!:%*-*27*3!89!"N\<U/"!(7! 7+*!N23&&%!Q92(4#$-!

c&4:*7#7#&2! 3=%#26! 7+*! N"/0'EJCJ! BCD! ._#6=%*! C1;! N7-!

4(2*=)*%(8#,#79! #-! :%&)#3*3! 89! 7+%**! 5($7&%-V! =-(6*! &5! 7+*!

,&>! (-:*$7! %(7#&! >#26A! ,&>! >#26! ,&(3! (23! :%&:*,,*%'>#26!

#27*%($7#&2!7+(7!2**3-!5=%7+*%!#2)*-7#6(7#&2!BED;!!

!

!
_#6=%*!CV!Q#-?'>#26!(#%$%(57!:%*-*27*3!89!"N\<U/"!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
 ! U4(#,!(33%*--V!2;3;(6**)W64(#,;$&4!

!

U26#2**%#26! 4*7+&3-! (,&26! >#7+! 5,#6+7! *Y:*%#4*27! (%*!

=-=(,,9!=-*3!5&%!$(,$=,(7#&2!(23!#4:%&)*4*27!&5!7+*!(#%$%(57!

:*%5&%4(2$*;!!

_=%7+*%! (*%&392(4#$! #4:%&)*4*27! &5! 7+*! (::(%(7=-!

%*K=#%*-!4&%*!#25&%4(7#&2!(8&=7!7+*!5,&>!:(77*%2!(%&=23!7+*!

(#%$%(57;! _,&>! :(77*%2! $(2! 8*! &87(#2*3! 5%&4! *Y:*%#4*27(,!

3(7(! .5&%! *Y(4:,*A! 89! 4*(2-! &5! \N01! &%! 5%&4! 2=4*%#$(,!

4&3*,#26! BFDA! BGD;! \%($7#$(,,9! 7+*%*! (%*! 2&! *Y:*%#4*27(,! &%!

2=4*%#$(,!#2)*-7#6(7#&2-!&5!7+*!3#-?'>#26!(#%$%(57!>#7+!7+*!(#%!

-$%*>!-#7=(7*3!(7! 7+*! -,&7! #2! 7+*!>#26;!<+*%*5&%*A!2=4*%#$(,!

#2)*-7#6(7#&2!7*$+2#K=*!#-!&5!6%*(7!:%($7#$(,!#4:&%7(2$*;!!

1.2 Notations 

<+*! 5&,,&>#26! -9-7*4! &5! (*%&392(4#$-! $&*55#$#*27-! (23!

(::%&Y#4(7#&2-!#-!($$*:7*3!#2!7+#-!(%7#$,*V!

!

L!m!]#57!5&%$*!

D!m!Q%(6!5&%$*!

F!m!\%&:*,,*%!7+%=-7!

M!m!"(--!&5!7+*!(#%$%(57!

V!m!_,#6+7!-:**3!

P!m!@7(7#$!:%*--=%*!

ρ!m!/#%!3*2-#79!

q – N2#7#(,!392(4#$!:%*--=%*!.q!e!0.5ρV2
e!CG;TCEO!\(1!

α!m!/26,*!&5!(77($?!./&/1!
S!m!c+(%($7*%#-7#$!(%*(!.S!e!0.25πdiameter2 = J;JCE!4E1!

CL!m!]#57!c&*55#$#*27S!L=CLqS 

CD!m!Q%(6!c&*55#$#*27S!D=CDqS 

CDJ!m!Q%(6!$&*55#$#*27!(7!M*%&!,#57!

CP!m!\%*--=%*!$&*55#$#*27S!CP= (P-P
∞
)/q 

CL (CD)!#-!(::%&Y#4(7*3!89!CD = CD0+A1CL+A2CL
2

!

2 PROBLEM FORMULATION

2.1 General formulation 

<+*!:%&8,*4!#-!7&!$(,$=,(7*!(*%&392(4#$-!$&*55#$#*27-!(23!

5,&>!:(77*%2!(%&=23! 7+*!(#%$%(57A! %*:%*-*27*3!89!"N\<U/"!

BCDA! (7! 7+*! )*,&$#79! *K=(,! 7&! (2! ()*%(6*! 5,#6+7! -:**3! &5! 7+*!

(::(%(7=-! (7! 7+*! N"/0'EJCJ;! <+*! $+(%($7*%#-7#$! 7#4*! &5!

*)*%9! N"/0! ,(:! #-! T! -*$&23-;! ]*267+! &5! 7+*! ,(:! #-! (8&=7!

GJ!4A! ()*%(6*! 5,#6+7! -:**3! V! e! O! 4d-;! [*92&,3-! 2=48*%!

$(,$=,(7*3! (7! 7+*! $+&%3! &5! 7+*! >#26! .*K=(,! 7&! J;F! 41! #-!

CJF!FJJ;!/2!*-7#4(7*!&5!7+*!(#%!-$%*>!7+%=-7!#-!(,-&!%*K=#%*3;!

_&%!7+*!(::(%(7=-!>#7+!4(--!M!e!RJ!6!>#7+!(!CL/CD %(7#&!F;O!

7+*!%*K=#%*3!7+%=-7!#-!J;E!b;!<+*!5,#6+7!7+%&77,*!#-!?2&>2!7&!8*!

(8&=7! GJk! &5! 4(Y#4=4! 7+%=-7! .Fmax! e! J;O! b1;! <+*-*! 7>&!

*-7#4(7*-! (6%**! >*,,! (23! 6#)*! (! 7+%=-7! F! e! J;E!b;! /57*%!

:%*,#4#2(%9!$(,$=,(7#&2-!#7!>(-!5&=23!7+(7!7+*!%*K=#%*3!7+%=-7!

#2! $%=#-*!4&3*!>(-! +#6+*%! 7+(2! *-7#4(7*3A! -*$&23! -7(6*! &5!

$(,$=,(7#&2-!>(-!$(%%#*3!&=7!>#7+!7+%=-7!F!e!J;FEG!b;!

b=4*%#$(,!#2)*-7#6(7#&2!&5!3#-$'>#26!"/0!>#7+!

:%&:*,,*%!#2!(!>#26!-,&7!
b;!Q;!/6**)A!!!

Q*:(%74*27!&5!/*%&4*$+(2#$-!(23!_,#6+7!U26#2**%#26!&5!!

"&-$&>!N2-7#7=7*!&5!\+9-#$-!(23!<*$+2&,&69A!g(6(%#2!CPA!v+=?&)-?9!
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2.2 Geometric model and mesh 

<+*! 6*&4*7%9! &5! 7+*! (::(%(7=-! >(-! -#4:,#5#*3! .5#2(,!

6*&4*7%9! #-!-+&>2!#2!_#6=%*!E1;!c&27%&,!-=%5($*-!(%*! 5#Y*3;!

<+*!:%&:*,,*%! #-!-#4=,(7*3!89!(2!($7=(7&%!3#-?!($$&%3#26! 7&!

BGD;!<+=-A!->#%,#26!&5!7+*!:%&:*,,*%!-7%*(4!>(-2h7!$&2-#3*%*3!

#2!7+*!>&%?;!

!
_#6=%*!EV!g*&4*7%#$!4&3*,!

!

<+*! 7+#$?2*--! &5! 7+*! ($7=(7&%! 3#-?! #-! *K=(,! 7&! 7+*!

4(Y#4=4!!7+#$?2*--!&5!7+*!:%&:*,,*%;!c&4:=7(7#&2(,!3&4(#2!

(%&=23! 7+*! =2#7! +(-! 3#4*2-#&2-! EJYEJYEJ! 3#(4*7*%-! &5! 7+*!

>#26;! <+*! 4&3*,! =2#7! #-! ,&$(7*3! #2! 7+*! $*27*%! &5! 7+*!

$&4:=7(7#&2(,! 3&4(#2;! <+*! -*,*$7*3! -#M*! &5! 7+*!

$&4:=7(7#&2(,! 3&4(#2! :%&)#3*-! $&%%*$7! -#4=,(7#&2! &5! 7+*!

)&%7*Y!-9-7*4!&5!7+*!>#26!(7!(2!($$*:7(8,*!$&4:=7#26!$&-7;!!

c&4:=7(7#&2(,! 3&4(#2! $&27(#2-! =2-7%=$7=%*3! 7*7%(+*3%(,!

4*-+!>#7+!:%#-4(7#$!,(9*%-!._#6=%*!F1;!<+#-!79:*!&5!7+*!4*-+!

:%&)#3*-! -(7#-5($7&%9! K=(,#79! &5! 7+*! 5,&>! -*:(%(7#&2!

-#4=,(7#&2;! <+*! -#M*! &5! 7+*! $*,,-! &2! 7+*! 4&3*,! -=%5($*!

3&*-2h7!*Y$**3!E!44;!g*2*%(,!4(Y#4=4!$*,,!-#M*!#-!*K=(,!7&!

CET!44;!<+*!$*,,!-#M*!6%&>7+!%(7#&!#-!C;JTA!>+#$+!:%&)#3*-!

-=55#$#*27,9!3*7(#,*3!-#4=,(7#&2;!<+*!7&7(,!6%#3!+(-!P!PRR!GGT!

*,*4*27-;!0&,=4*!4*-+! #-! 6*2*%(7*3! 5%&4!-=%5($*!4*-+!89!

#4:%&)*3!Q*,(=2(9!(,6&%#7+4;!<+*%*!(%*!ZC!EEJ!*,*4*27-!&2!

7+*!-=%5($*!&5!7+*!(#%$%(57!.>#7+&=7!3#-?1!(23!CG!GRF!*,*4*27-!

(7!7+*!-=%5($*-!&5!7+*!($7=(7&%!.>+#$+!#-!4=$+!4&%*!7+*2!=-*3!

#2!BGD1;!!\%#-4!,(9*%-!(%*!$%*(7*3!&2!7+*!-=%5($*!&5!7+*!4&3*,;!

<&7(,! 7+#$?2*--! &5! 7+*! :%#-4! ,(9*%! #-! E;OT! 44A! >+#$+!

:%&)#3*-! $(%*5=,! -#4=,(7#&2! &5! 7+*! 8&=23(%9! ,(9*%! (7! 6#)*2!

[*92&,3-! 2=48*%! .CJF!FJJ1;! \%#-4! ,(9*%! :%&)#3*-!

Y+max=F;OP;!!

!

!
_#6=%*!FV!"*-+!(%&=23!7+*!4&3*,!

!

<*-7! $(,$=,(7#&2-! -+&>*3! 6&&3! (6%**4*27! 8*7>**2! 7+*!

%*-=,7-!5%&4!7+#-!4*-+!(23!4*-+!>#7+!CG!4#,,#&2-!*,*4*27-;!!!!!!!

2.3 Boundary conditions 

H&=23(%9! $&23#7#&2-! &2! 7+*! >(,,-! &5! 7+*! $&4:=7(7#&2(,!

3&4(#2! (%*! -7(23(%3V! 5%&27! (23! 8&77&4! >(,,-! &5! 7+*!

$&4:=7(7#&2(,! 3&4(#2! '! #2,*7A! %*(%! (23! 7&:! m! &=7,*7A! -#3*! m!

5%**! -,#:!>(,,;!<+*!(#%! -$%*>! #-!4&3*,*3!89!(2!&=7,*7!(7! 7+*!

5%&27! -=%5($*!&5! 7+*!($7=(7&%A! #2,*7! (7! 7+*! %*(%!-=%5($*;!"(--!

5,&>! %(7*! #-! -*7! 7+%&=6+! 7+*! ($7=(7&%! $&%%*-:&23#26! 7&! 7+*!

-:**3!(7!7+*!:%&:*,,*%A!$(,$=,(7*3!89!7+*!7+*&%9!&5!7+*!($7#)*!

3#-?!BOD;!<+*!-#3*!>(,,!&5! 7+*!($7=(7&%!#-!(!5%**!-,#:!&2*;!/-!

-+&>2!89!7*-7!$(,$=,(7#&2-A!7+#-!4*7+&3!(,,&>-!7+*!-#4=,(7#&2!

&5!7+*!:%&:*,,*%!7&!8*!($$=%(7*!*2&=6+!7&!-#4=,(7*!7+%=-7!>#7+!

:%*-*%)#26! 7+*! $&27#2=#79! &5! 7+*! )*,&$#79! 7+%&=6+! 7+*!

($7=(7&%;!@7%*(4!->#%,#26!#-!2*6,*$7*3!#2!7+#-!(::%&Y#4(7#&2;!

!
_#6=%*!GV!Cp!3#-7%#8=7#&2!(23!-=%5($*!-+*(%!-7%*--!-7%*(4,#2*-!(7!M*%&!(26,*!

&5!(77($?!!

!

3 SOLUTION, VERIFICATION AND VALIDATION

3.1 Solution 

[/b@! -9-7*4! &5! 6&)*%2#26! *K=(7#&2-! >#7+! 7+*! @@<!

7=%8=,*2$*!4&3*,!>(-!-&,)*3!89!7+*!-&,)*%!/b@f@!c_ix;!

@&,)#26! #-! $(%%#*3! &=7! >#7+! (2! #2$&4:%*--#8,*! )#-$&=-!

5,=#3!4&3*,!>#7+!:(%(4*7*%-!$&%%*-:&23#26!7&!(#%!(7!EOc;!!

<&:!

H&77&4!
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<+*! :%&8,*4! #-! -&,)*3! #2! (! -7(7#&2(%9! %*6#4*! >#7+! 7+*!

(::%&Y#4(7#&2!-$+*4*!&5! 7+*!-*$&23'&%3*%;!I2*!$(,$=,(7#&2!

7(?*-!ROJ!#7*%(7#&2-!#2!()*%(6*;!@7&:!$&23#7#&2!#-!5#Y(7#&2!&5!

7+*! 7+#%3! -#62#5#$(27! 3#6#7! #2!4(62#7=3*! &5! 7+*! (*%&392(4#$!

5&%$*-!($7#26!(7!7+*!4&3*,;!!

! \%*:(%(7#&2! 5&%! $(,$=,(7#&2-! 7&&?! 2*(%! 7>&! >**?-A! &2*!

:&#27! *Y7%($7#&2! 7&&?! R! +&=%-! &5! $(,$=,(7#&2! 7#4*! (7! #R'ZPJ!

.F;J!gLMA!G!:+9-#$(,!$&%*-1!:%&$*--&%;!

3.2 Verification  

_&%! )*%#5#$(7#&2! -+*(%! -7%*--! ,#2*-! (%*! 8=#,7! &2! 7+*!4&3*,!

-=%5($*!(7!M*%&!(26,*!&5!(77($?!._#6=%*!G1;!!

g*2*%(,! 5,&>!:(77*%2!.(7!(,,! #2)*-7#6(7*3!/&/1!#-! #2!6&&3!

($$&%3(2$*! >#7+! *Y:*%#4*27(,! 3(7(! BPD;! _,&>! -*:(%(7#&2!

%*6#&2-!2*(%!-+(%:!*36*-!(%*!-#4=,(7*3;!!\*%5&%4(2$*!&5!7+*!

($7=(7&%! -7%*(4! $&%%*-:&23-! 7&! 7+*! ($7#)*! 3#-?! 7+*&%9! BOD!

K=(,#7(7#)*,9V!7+*!X*7!2(%%&>-!8&7+!#2!5%&27!(23!8*-#3*-!&5!7+*!

($7=(7&%;!0&%7*Y! -9-7*4! &5! 7+*!>#26! #-! :%*-*27! (7! (29! 2&2'

M*%&! (26,*! &5! (77($?! (23! $(2! 8*! )#-=(,#M*3! 89! :%*--=%*!

#-&-=%5($*! >#7+! ,&>! -7(7#$! :%*--=%*! ._#6=%*! O1;! Q#-7(2$*! &5!

7+*! )&%7*Y! -9-7*4! 7%($*!4&3*,#26! #-! ,(%6*! *2&=6+! .(8&=7! E!

41;!

!
_#6=%*!OV!N-&-=%5($*!&5!,&>!:%*--=%*!(%&=23!7+*!4&3*,!(7!GJ!3*6%**-!(26,*!

&5!(77($?!

!

!H&=23(%9!,(9*%!#-!-#4=,(7*3!(7!(,,!7+*!-=%5($*!&5!7+*!>#26;!

]&>! )*,&$#79! (%*(-! 8*-#3*-! 7+*! 4&3*,! (%*! &8-*%)*3;! <+=-A!

7+*! 3(7(! (6%**! >*,,! >#7+! 7+*! 7+*&%9! :%*3#$7#&2-! (23!

*Y:*%#4*27!BPDA!(23!$(2!8*!-=8X*$7*3!7&!5=%7+*%!(2(,9-#-;!

3.3 Validation  

[*-=,7-! &5! 7+*! $&4:=7(7#&2-! -+&>! 7+*! 6&&3! ($$&%3(2$*!

8*7>**2!()*%(6*!:%*--=%*!3%&:! .7+(7! #-!(8&=7!EO!\(1!&2! 7+*!

($7=(7&%! (23! 7+*! :%&:*,,*%! 7+%=-7!F=J;FEGb;!"(62#7=3*! &5!

7+*!$(,$=,(7*3!,#57!&5! 7+*!)*+#$,*!,*7! #7!5,9!-7(8,*!(7!7+*!(26,*!

&5! (77($?! &5! CO! 3*6%**-! (23! *)*2! :*%5&%4! (*%&8(7#$-A! (-! #7!

>(-! -**2! (7! 7+*! N"/0'EJCJ;!A2=0.4225 $(,$=,(7*3! 5&%! 7+*!

(26,*-! &5! (77($?! J'EJ!3*6%**-! #-! (,-&! #2! (! 6&&3! ($$&%3(2$*!

>#7+!7+*!*Y:*%#4*27(,!3(7(!&87(#2*3!#2!BRD!.A2=0.45 5&%!7+#-!

>#261;!

4 RESULTS

!

CL (CD) 5=2$7#&2 #-!-+&>2!#2!_#6=%*!P;!CD0eJ;E!#-!6%*(7*%!

7+(2! *-7#4(7*3! 5&%! 7+#-! 79:*!&5!"/0! .CD0=J;JF;;;J;C1;!<+*!

4(#2! :(%7! &5! 7+*!CD0! #-! :%*--=%*! 3%(6! .(8&=7! TOk1;! ! ](%6*!

:%*--=%*!3%(6!$(2!8*!*Y:,(#2*3!89!#25,=*2$*!&5!7+*!5=-*,(6*A!

-*%)&-A! 8,=27! *36*-!>#7+! -+(%:! $&%2*%-! (23! -,&7! (%&=23! 7+*!

:%&:*,,*%;!

CL(CD)

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 2

CD

C
L

!
_#6=%*!PV!CL !(-!5=2$7#&2!&5 CD 

/-!&2*!$(2!-**A! 7+*!6%*(7*-7!)(,=*-!&5!7+*!:%*--=%*!(%*!(7!

,*(3#26! *36*-! &5! 7+*! >#26! (23! 5=-*,(6*! (23! (7! 7+*! ,*(3#26!

-,&7!*36*;!!

!
_#6=%*!RV!Cp!3#-7%#8=7#&2!(23!-=%5($*!-+*(%!-7%*--!-7%*(4,#2*-!(7!(26,*!&5!

(77($?!&5!CO!3*6%**-!

!

<&:!

H&77&4!
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!

\%*--=%*!3#-7%#8=7#&2!(,&26!>#7+!-+*(%!-7%*--!-7%*(4,#2*-!(7!

$%=#-*! (26,*! &5! (77($?! .CO! 3*6%**-1! #-! -+&>2! #2! _#6=%*! R;!!

<+*! -7(7#$! :%*--=%*! 3*$%*(-*! (7! 7+*! %*(%! 5=-*,(6*! (23! -*%)&!

-=%5($*-!#-!(,-&!$(=-*3!89!:%&:*,,*%!>&%?;!!

<+=-A!6%*(7!(4&=27!&5!7+*!3%(6!(7!7+*!>#26!#-!#23=$*3!89!

:%&:*,,*%;!!

<+*! (#%! -$%*>! (,-&! ,&-*-! -&4*! 7+%=-7! 3=*! 7&! ,&>'-:**3!

M&2*-!8*-#3*-!7+*!5=-*,(6*!(23!7+*!>#26;!!

CL(alpha)

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

1,8

0 5 10 15 20 25 30 35 40 45 50

Angle of Attack (deg)

C
L

!
_#6=%*!TV!CL (-!5=2$7#&2!&5!/26,*!&5!/77($?!

!

I2*!&5! 7+*!4&-7! #4:&%7(27! %*-=,7-!&87(#2*3! #-! 7+(7! 7+* CL

(CD)! 5=2$7#&2! $&*55#$#*27! A2! $(,$=,(7*3! 5&%! 7+*! (26,*-! &5!

(77($?! J'EJ! 3*6%**-! #-! J;GEEO! 7+(7! #-! #2! (! 6&&3! (6%**4*27!

>#7+!7+*!*Y:*%#4*27(,!3(7(!.J;GO1!BRD;!H=7!(7!7+*!+#6+!(26,*-!

&5! (77($?! 7+*! A2! 8*$&4*-! 6%*(7*%;! N7! #-! $(=-*3! 89! 7+*!

#27*2-#5#$(7#&2!&5! 7+*!)&%7#$*-!(23!#2$%*(-*!&5!7+*!)&%7*Y!,#57!

%&,*!7+(7!$(2!8*!:%&)*3!89!$&4:(%#-&2!&5!7+*!5,&>!:(77*%2-!(7!

3#55*%*27! (26,*-! &5! (77($?! (23!89! #2)*-7#6(7#&2!&5! 7+*!CL! (-!

5=2$7#&2! 5%&4! (26,*! &5! (77($?;! /-! #7! >(-! *Y:*$7*3A!CL .α1!
3*:*23*2$*!+(-!#2$%*(-#26!3*%#)(7#)*!(7!(26,*-!&5!(77($?!2*(%!

O'CO! 3*6%**-! ._#6=%*! T1;! b&2'M*%&! ,#57! (7! M*%&! /&/! #-!

(--&$#(7*3!>#7+!(2!(-944*7%#$!(#%!-$%*>!:&-#7#&2!%*,(7#)*!7&!

7+*! ,&26#7=3#2(,! (Y#-! &5! 7+*! (#%$%(57! .(#%! -$%*>! $*27*%! #-!

+#6+*%!7+(2!7+*!,&26#7=3#2(,!(Y#-S Cp!3#-7%#8=7#&2!(7!M*%&!/&/!

#-!-+&>2!#2!_#6=%*!G1;!

@7(,,!$&4*-!(7! 7+*!(26,*!&5!(77($?!2*(%!GO!3*6%**-!7+(7! #-!

6&&3A! 8=7! :*%+(:-! $(2! 8*! 8*77*%;! @*:(%(7#&2! M&2*-! (7! 7+#-!

/&/!(%*!7+*!,(%6*-7!&2*-;!<+=-A!5,&>!:(77*%2!(7!7+#-!(26,*!&5!

(77($?!#-!7+*!4&-7!#27*%*-7#26;!!

_,&>! -7%=$7=%*! (8&)*! 7+*!>#26! (7! 7+*! (26,*! &5! (77($?! GJ!

3*6%**-! #-! )#-=(,#M*3!89! 7+*!:%*--=%*!3#-7%#8=7#&2! (23!-+*(%!

-7%*--! -=%5($*! -7%*(4,#2*-! #2! _#6=%*! Z;! <+*! 5,&>! +(-! 7+%**!

4(#2! 5*(7=%*-V! (! -7%&26! )&%7*Y! -9-7*4! &5! 7+*! >#26! .$(2! 8*!

&8-*%)*3! #2! _#6=%*! O1A! ,&>! ,#57! (7! 7+*!>#26! -=%5($*! 8*-#3*-!

7+*!(#%-$%*>!(23!>*(?!*55*$7!&5! 7+*!,*(3#26!*36*!-*:(%(7#&2!

.(7!CP!3#-7%#8=7#&2!(23!$&2-*K=*27,9!CL1;!

@7%&26! )&%7*Y! -9-7*4! &5! 7+*! >#26! #-! $&2$*%2*3!>#7+! 7+*!

,&>! (-:*$7! %(7#&! (23! 7+*! :%&:*,,*%'>#26! #27*%($7#&2;! N7!

#2$%*(-*-!/&/!&5!-7(,,A!8=7!3*$%*(-*-!7+*!CL/CD!%(7#&;!!

@4(,,!,#57!(7!7+*!>#26!(%*(!-#7=(7*3!8*-#3*-!7+*!(#%!-$%*>!#-!

(--&$#(7*3! >#7+! 7+*! %*$7#59#26! &5! 7+*! 5,&>! 8*-#3*-! 7+*!

:%&:*,,*%! (23! +(-! 7+%**! $&2-*K=*2$*-;! /7! 5#%-7A! 7&7(,! ,#57!

3*$%*(-*-;!<+*!&7+*%!$&2-*K=*2$*!#-!7+(7!(*%&392(4#$!5&$=-!

-+#57-!$,&-*%! 7&! 7+*! ,*(3#26!*36*! 7+(7!4(?*-!7+*!(#%$%(57! ,*--!

-7(8,*;! /23! 7+*! ,(-7! $&2-*K=*2$*! #-! 7+(7! $*27*%! &5!

(*%&392(4#$!5&%$*!(::,#$(7#&2!-+#57-!7&!7+*!,*(3#26!*36*A!7+(7!

%*3=$*-! 8(,(2$*! ,&-*-;! @&A! 7+#-! :%&8,*4! %*K=#%*-! 5=%7+*%!

#2)*-7#6(7#&2;!!

!

!

]#77,*! *55*$7! &5! 7+*! ,*(3#26! *36*! :%#4(%9! -*:(%(7#&2! #-!

$&2$*%2*3! >#7+! 7+*! #25,=*2$*! &5! 7+*! )&%7*Y! -9-7*4! 7+(7!

$%*(7*-!(!%*)*%-*!5,&>!M&2*!#2!5%&27!&5!7+*!>#26!(23!:%&)&?*-!

(! -*$&23(%9! -*:(%(7#&2! 8*-#3*-! &5! 7+*! :%#4(%9! &2*;! <+=-A!

*55#$#*2$9! &5! 7+*! 3*5,*$7*3! ,*(3#26! *36*! %*K=#%*-! 5=%7+*%!

#2)*-7#6(7#&2;!

CL /CD!%(7#&!(-!5=2$7#&2!&5!CL!#-!:%*-*27*3!#2!_#6=%*!CJ;!I2*!

$(2!-**!7+(7!5,#6+7!(7!7+*!N"/0'EJCJ!>(-!$(%%#*3!&=7!(7!7+*!

%*6#4*!$,&-*!7&!7+*!4(Y#4=4!CL/CD   4&3*;!]&>!4(62#7=3*!

&5!7+*!4(Y#4=4!CL /CD!%(7#&!$(=-*3!89!7>&!%*(-&2-V!+#6+!

CD0!(23!+#6+!A2!&5!7+*!)*+#$,*;!<+*!5#%-7!%*(-&2!#-!$&2$*%2*3!

>#7+!7+*!3%(6!&5!7+*!8,=27!5=-*,(6*!(%&=23!7+*!(#%-$%*>!7+(7!

$(2!8*!%*3=$*3!89!-,#6+7!6*&4*7%9!4&3#5#$(7#&2A!7+*!-*$&23!

&2*!m!>#7+!,&>!(-:*$7!%(7#&!7+(7!$(2h7!8*!-=55#$#*27,9!$+(26*3!

89!6*&4*7%9!4&3#5#$(7#&2!.#2!7+*!$&2$*:7!&5!4(Y#4=4!,#57!(7!

7+*!5#Y*3!,(7*%(,!3#4*2-#&21;!

!!
_#6=%*!ZV!Cp 3#-7%#8=7#&2!(23!-=%5($*!-+*(%!-7%*--!-7%*(4,#2*-!(7!(26,*!&5!

(77($?!&5!GJ!3*6%**-!!

!

N5!F=J;Eb 4(Y#4=4!CL/CD %(7#&! #-! *K=(,! 7&! E;G! (23! #-!

%*($+*3! (7! ,&>*%! /&/A!CD0eJ;CE! 7+(7! $&25#%4-! *Y#-7#26! &5!

7+*! %*,(7#&2-+#:-! 8*7>**2! 7+*! CD0A! A2! (23! 7+*! :%&:*,,*%!

7+%=-7;!!

<&:!

H&77&4!
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5 CONCLUSION

g&&3! (6%**4*27! 8*7>**2! 7+*! %*-=,7-! &87(#2*3! (23!

*Y:*%#4*27(,d5,#6+7! 7*-7! 3(7(! #-! %*($+*3;! @&4*! #27*%*-7#26!

5,&>!5*(7=%*-!(%&=23!7+*!)*+#$,*!(%*!*Y7%($7*3V!)&%7#$*-A!5,&>!

-*:(%(7#&2! (%*(-! (23! -4(,,! ,#57! (%*(! 8*-#3*-! &5! 7+*! ($7=(7&%!

3#-?;!<+*!,(-7!5*(7=%*!%*K=#%*-!5=%7+*%!$&4:,*Y!.392(4#$!(23!

(*%&392(4#$1!#2)*-7#6(7#&2;!!
CL/CD ratio (CL)
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0,5

1
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2

2,5
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0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8

CL

C
L
/C

D

!
_#6=%*!CJV!CL/CD %(7#&!(-!5=2$7#&2!&5 CL 

!

]*(3#26!*36*!-*:(%(7#&2!:%&3=$*-!-4(,,!#4:($7!(7!7+*!,#57!

&5! 7+*! )*+#$,*;! N2$%*(-#26! 7+*! :%&:*,,*%! 7+%=-7! %*3=$*-!

4(Y#4=4!CL/CD!%(7#&;!N7!#-!&87(#2*3!7+(7!7+*!,#57!$(2!:%&)#3*!

4(2*=%(8#,#79! &5! 7+*! (::(%(7=-;! ! "(#2! (*%&392(4#$!

%*,(7#&2-+#:-! >*%*! &87(#2*3! (23! $(2! 8*! =-*3! #2! 5=%7+*%!

(*%&392(4#$! %*-*(%$+! (23! 3*)*,&:4*27;! N7! >(-! 5&=23! 7+(7!

5=%7+*%!>&%?!&2! %*3=$#26! 7+*!CD0! #-! (::%&:%#(7*;!L&>*>*%A!

#2! 7+*! 4&3*,! =-*3! 5&%! $(,$=,(7#&2-! :%&:*,,*%! -7%*(4! >(-!

-#4:,#5#*3!89!4*(2-!&5!X*7!>#7+&=7!->#%,#26;!!

!
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