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ABSTRACT

A model for Micro Air Vehicles (MAV) propeller performance 

evaluation is proposed and investigated. This model is derived 

on the basis of simple analytical relationships and is examined 

on a set of experimental data. It allows to predict the main 

propeller characteristics (for example, thrust coefficient, power 

coefficient, efficiency as functions of advanced ratio) and gives 

the method for investigation of the powerplant as whole at the 

stage of preliminary design. 
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7+*!5#%-7!(::%&Y#4(7#&2;!

<+*!,(-7!*Y:%*--#&2!(23!5&%4=,(!.F1!-+&>!7+(7!$&*55#$#*27!

CC! 4=-7! 8*! :%($7#$(,,9! 7+*! -(4*! 5&%! 7+*! -*%#*-! &5! :%&:*,,*%!

>#7+! 7+*!-(4*!b.r1!8=7!)(%#&=-!β.r1;!"&%*&)*%A! 5%&4!.F1!CC!
4=-7!8*!*K=(,!5&%!(,,!7+*!:%&:*,,*%-!>#7+!7+*!-(4*!)(,=*!&5!

C

C

. 1LC b r rdr
−
∫

α
!!

Q(7(! 5%&4!BCDA! BEDA! BGDA! BOD!-+&>!7+(7! 5&%!-4(,,!)(,=*-!&5!

C<!7+#-!5($7!#-!)(,#3!>#7+#2!7+*!*Y:*%#4*27(,!*%%&%-;!

UY:%*--#&2-!.E1'.F1!(,,&>!2&7!&2,9!7&!*Y:,(#2!7+*!8*+()#&%!

&5!!CT.λ1A!8=7!(,-&!7&!&87(#2!7+*!)(,=*-!&5!CTJ!(23!CC!5&%!7+*!

6#)*2! β.r1A! b.r1! (23! :%&5#,*! -+(:*;! @&A! &2! 7+*! &7+*%! +(23A!
7+*-*! 5&%4=,(-! $(2! 8*! )*%#5#*3! =-#26! 7+*! *Y:*%#4*27(,! 3(7(!

5&%!:%&:*,,*%-;!

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

:%&:*,,*%-! 5%&4! jNjc! 3(7(8(-*! BOD;! L*%*A! 6*&4*7%#$(,!

:(%(4*7*%-!.β.r1A!b.r11!(23!*Y:*%#4*27(,!3(7(!&5!/\cA!a^@A!
`9&-+&A! g%(=:2*%! (23! "(-7*%! /#%-$%*>! :%&:*,,*%-! $(2! 8*!

5&=23;! <+*! 7>&! :%&8,*4-!>*%*! 7+*! (8-*2$*! &5! #25&%4(7#&2!

&2! 7+*!:%&5#,*! -+(:*!&5!:%&:*,,*%!s$+&%3-t!(23! 7+*!)(,=*!&5!

CL
α
! 5&%!:%&5#,*;!@&A!#7!>(-!(--=4*3!7+(7!7+*!$=%)(7=%*!&5!7+*!

:%&5#,*!$&%%*-:&23-!7&!7+*!(33#7#&2(,!(26,*!&5!(77($?!&5!J;JO!

%(3#(2-! .yF
J
1;! /-!CL

α
! #-! #2! 8&7+! 5&%4=,(-! 7+*2! 7+*! %(7#&! &5!

CTJdCC! #-! #23*:*23*27!&5!CL
α (23!$&%%*-:&23-! 7&!λ! 5&%!M*%&!

7+%=-7! $&*55#$#*27! .3*2&7*! #7! (-!λ0
1;!/2(,9-#-! -+&>-! 7+(7! 5&%!

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

7+*!*Y:*%#4*27(,!3(7(!6&&3!*2&=6+A! 7+*!*%%&%-!(%*! ,*--! 7+(2!

Ok;! /,-&A! #7! >(-! 5&=23! 7+(7! 5&%!CL
α
eO! 7+*! 7+*&%*7#$(,! (23!

*Y:*%#4*27(,!3(7(!&5!CT!$&#2$#3*!>#7+!6&&3!($$=%($9;!

N7!-+&=,3!8*!4*27#&2*3!7+(7!7+*!$&4:(%#-&2!&5!7+*&%*7#$(,!

(23! *Y:*%#4*27(,! 3(7(! >#7+! 7+*! %*-=,7-! 5%&4! :%&6%(4!

\%&:c(,$! BRD! -+&>-! 7+(7! 7+*! 7+*&%*7#$(,! :%*3#$7#&2-! (%*! 2&7!

>&%-*! 7+(2! 2=4*%#$(,! $(,$=,(7#&2! 5%&4! \%&:c(,$A! 8=7! &2,9!

5&%!7+*!%*6#&2!&5!,&>!CT!)(,=*-;!

/,-&! &2*! $(2! -**! 5%&4! 7+*! 6%(:+! #2! _#6=%*! C! 7+(7! 7+*!

)(,=*-! &5! λ0
! 5&%! M*%&! 7+%=-7! (%*! 2*(%,9! :%&:&%7#&2(,! 7&! 7+*!

(26,*!&5! 8,(3*! #2-7(,,(7#&2;! !<+#-! 5($7! #-! )*%9!=-*5=,! 5&%! 7+*!

-7(6*!&5!7+*!:%*,#4#2(%9!(#%$%(57!3*-#62!(-!#7!$(2!+*,:!7&!5#23!

7+*! 8*-7! :%&:*,,*%! %(7+*%! K=#$?,9;! <+*! (8&)*4*27#&2*3!

:%&:&%7#&2(,#79! 8*$&4*-! *)#3*27! #5! >*! ,&&?! (7! 7+*!

*Y:%*--#&2-! 5&%! CTJ! (23! CC;! /-! CC! #-! #23*:*23*27! &5! 7+*!

(26,*-! &5! :%&5#,*! #2-7(,,(7#&2! βJ;ROA! 7+*! )(,=*! &5! λ0
! #-!

3*7*%4#2*3!89!CTJ;!

(4)!!!
J

J CTC C λ= ;!

N2! 7=%2A! 7+*! )(,=*! &5! CTJ! #-! :%&:&%7#&2(,! 7&! 7+#-! (26,*!

.-**!.E11;!

"&%*! ($$=%(7*! #2)*-7#6(7#&2! -+&>-! 7+(7! 5&%!M*%&!(26,*!&5!

#2-7(,,(7#&2! 7+*! $&%%*-:&23#26! )(,=*! &5!λ0
! #-! 2&7! M*%&! .#7! #-!

3=*! 7&! 7+*! :%&5#,*! $*27*%,#2*! $=%)(7=%*1A! 8=7! 7+*! -+(:*! &5!

λ0
. βJ;RO1! %*4(#2-! ,#2*(%! 5=2$7#&2! 5&%! 7+*! 5#Y*3!Re;!_#6=%*!P!

-+&>-! 7+#-! 3*:*23*2$*! 5&%! /0'FC! (23! /\c! <+#2! U,*$7%#$!

CCt!:%&:*,,*%-;!

j25&%7=2(7*,9A! 8*$(=-*! &5! 7+#$?! 8,(3*! $+&%3-! :%&5#,*! (7!

/0'FC! :%&:*,,*%! &2*! $(22&7! &87(#2! 7+*! %#6+7! %*-=,7! &5! 7+*!

[*92&,3-!2=48*%!#25,=*2$*!&2!7+*!5=2$7#&2!&5!λ0
. βJ;RO1A!8=7!

7+*!%*-=,7-!5&%!H,($?!^#3&>!:%&:*,,*%!6#)*!7+*!+&:*!7+(7!7+#-!

#25,=*2$*! #-! -4(,,! *2&=6+;! .@**! _#6;! FA! (,,! 7+*! :&#27-! (%*!

2*(%,9!&2!7+*!&2*!,#2*;1!

!
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!
_#6=%*!PV!v*%&'7+%=-7!(3)(2$*3!%(7#&!(-!5=2$7#&2!&5!(26,*!&5!8,(3*!

#2-7(,,(7#&2!5&%!/0'FC!.=::*%1!(23!/\c!<+#2!U,*$7%#$!CCt!.,&>*%1!

!

[*-=,7-! 5%&4! BGDA! BOD! -+&>! 7+(7! λJ! 8*$&4*-! yOk! ,&>*%!
>+*2!Re!8*$&4*-!E!7#4*-!,&>*%!5&%!7+*!-(4*!:%&:*,,*%;!/,-&!

$&*55#$#*27!CC! 8*$&4*-! -,#6+7,9! ,&>*%! >+*2!Re! 8*$&4*-! E!

7#4*-!,&>*%;!

!

4 POWER COEFFICIENT AND EFFICIENCY

_&%!7+*!:%&:*,,*%-!(7!+#6+![*92&,3-!2=48*%-!7+*!5&,,&>#26!

-*4#'*4:#%#$(,!5&%4=,(!*Y#-7-!BTDV!

E E

P TC C
a b

λ λ
= + ;!

<+#-!*Y:%*--#&2!$(2!8*!%*>%#77*2!#2!7+*!5&%4!&5!

(5)!!!
E

P TC aC bλ= + ;!

_&%!7+*!:&>*%!(23!7+%=-7!7+#-!5&%4=,(!,&&?-!,#?*!

P e!nd.aT{ρbd
2
V
E
1!

/=7+&%-! *Y(4#2*3! 7+*-*! 5&%4=,(-! &2! 7+*! *Y:*%#4*27(,!

3(7(!BFDA!BODA!BPD!5&%!,&>!Re!:%&:*,,*%-;!N7!>(-!5&=23!7+(7!%*(,!

3*:*23*2$9! &5!CP.CT.λ1A!λ1! #-! 2&7! (! -7%(#6+7! ,#2*! 5&%! -&4*!
?#23-!&5!:%&:*,,*%-A!8=7!#7-!$=%)(7=%*!#-!-4(,,!*2&=6+!-&!&2*!

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

*55#$#*2$9;!/-!(2!*Y(4:,*A!5&%!7+*!H,($?!^#3&>!:%&:*,,*%!#7!

#-! s)*%9! 6&&3t! -7%(#6+7! ,#2*A! 5&%! -*7! &5! /\c! U,*$7%#$A!

g%(=:2*%!(23!"(-7*%!/#%-$%*>!:%&:*,,*%-!7+*!6%(:+!(26,*!&5!

#2$#3*2$*! 8*$&4*-! ,&>*%! (7! +#6+! CTdλ
E
A! 8=7! (7! ,*(-7! 5&%!

/\c!TlT;O!:%&:*,,*%!7+#-!(26,*!8*$&4*-!,#77,*!+#6+*%!(7!+#6+!

CTdλ
E
;! /,-&! &2*!4=-7! ?**:! #2!4#23! 7+(7! 7+*!4*(-=%*4*27-!

2*(%! M*%&! λ! 6#)*! +#6+*%! )(,=*! &5! 7+*! %*,(7#)*! *%%&%A! -&! 7+*!
+#6+*%! )(,=*-! &5! 7+*! *%%&%! >#,,! 8*! #2! 7+*! )*%#5#$(7#&2! &5!

5&%4=,(!.O1!5&%!,&>!)(,=*-!&5!λ;!
_&%! 7+*! %*6#&2! 2*(%! 7+*! M*%&! )(,=*-! &5! λ! 5&%4=,(! .O1!

8*$&4*-!

P TC aC≈ A!

(23!.(-!CP!(23!CT!(7!7+#-!%*6#&2!3&!2&7!$+(26*!-#62#5#$(27,91!

7+*!*Y:%*--#&2!5&%!*55#$#*2$9!$(2!8*!>%#77*2!(-!

(6)!!!
a

≈
λ

η ;!

I2*!$(2!-**!7+(7!7+*!6%(:+!&5!η.λ1!#-!,#2*(%!(7!,&>!λ (-**A!
5&%!*Y(4:,*A!_#6=%*!E)A!-&!*Y:%*--#&2!.P1!$(2!8*!%*(,,9!=-*3!
5&%! 7+#-! %*6#&2! &5! λ;! /,-&! &2*! $(2! =-*! #7! 5&%! )(,=*! &5! 7+*!
$&*55#$#*27!a!3*7*%4#2(7#&2!.#5!%*K=#%*31;!

H=7!(,,!7+*!(8&)*!4*27#&2*3!#2!7+#-!$+(:7*%!5($7-!(%*!)(,#3!

5&%! 7+*! 5#Y*3! :%&:*,,*%! (23! 5#Y*3! Re;! @&A! 5#%-7! &5! (,,A! #7! #-!

#27*%*-7#26! 7&! 7*-7! 7+#-! 3*:*23*2$9! 5&%! )(%#&=-! [*92&,3-!

2=48*%-;!!

_#6=%*!R!-+&>-! 7+*!$&%%*-:&23#26!3(7(! 5&%!H,($?!^#3&>!

:%&:*,,*%! BFD;!@+&>2! #2!_#6=%*!T! #-! 7+*! %*-=,7!&5!/\c!<+#2!

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

5%*K=*2$#*-! &5! %&7(7#&2;! <+*! ,&>*-7! 5%*K=*2$9! 5&%!

/\c!CClCJ!.FJJJ![\"1!$&%%*-:&23-!7&!Re≈FPJJJ;!I2*!$(2!
-**! 7+(7! 7+*! $+(26*! &5! Re! 5%&4! FPJJJ! 7&! yPJJJJ! 6#)*-!

:%($7#$(,,9!2&!*55*$7A!7+*!6%(:+-!(%*!:%($7#$(,,9!7+*!-(4*;!

!

!
!
_#6=%*!RV!CPdλE!(-!5=2$7#&2!&5!CTdλE!5&%!H,($?!^#3&>!:%&:*,,*%!

!

!
_#6=%*!TV!CPdλE!(-!5=2$7#&2!&5!CTdλE!5&%!/\c!CClCJ!:%&:*,,*%!5&%!)(%#&=-!

[\"!
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/,-&!#7!#-!%(7+*%!#4:&%7(27!7&!?2&>!7+*!8*+()#&%!&5!a!(23!b!

$&*55#$#*27-! >#7+! 8,(3*! #2$,#2(7#&2! (26,*! $+(26*;! N2! &7+*%!

>&%3-A! 7+*! K=*-7#&2! #-! >+(7! #-! 7+*! 3#55*%*2$*! &5! 7+*-*!

$&*55#$#*27-A! 5&%!*Y(4:,*A! 5&%!/\c!CClO;O!(23!/\c!CClCJ!

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

_#6=%*!Z!-+&>-!7+#-!3*:*23*2$9!5&%!/\cU!CCt!:%&:*,,*%-!

5(4#,9;!!

I2*! $(2! -**! 7+(7! )(,=*-! &5! a! (23! b! $+(26*! >#7+! 7+*!

:%&:*,,*%!:#7$+!$+(26*;!<&!4(?*!4&%*!($$=%(7*!#2)*-7#6(7#&2!

#7!#-!8*77*%!7&!=-*!3(7(!5&%!/0'FC!:%&:*,,*%;!_#6=%*!CJ!-+&>-!

7+*!)(,=*-!&5!a!(-!5=2$7#&2-!&5!λ0
;!.L*%*!s*55t!$&%%*-:&23-!7&!

7+*!:&#27-!2*(%!4(Y#4(,!*55#$#*2$9A!s(,,t!$&%%*-:&23-! 7&!(,,!

7+*! :&#27-! 5%&4! *Y:*%#4*27;1! I2*! $(2! 7+(7! a! #-! 2*(%,9!!

:%&:&%7#&2(,!7&!λ0
V!

(7)   aekλ0, 
>+*%*!k!#-!:%&:&%7#&2(,#79!$&*55#$#*27;!

<+*! -(4*! %*-=,7! $(2! 8*! &87(#2*3! (,-&! 5%&4! &7+*%! 3(7(;!

_&%!*Y(4:,*A!_#6=%*!CC! -+&>-! 7+*!*55#$#*2$9!(-! 5=2$7#&2!&5!

(3)(2$*3!%(7#&!5&%!)(%#&=-!(26,*-!&5!8,(3*!#2-7(,,(7#&2!BZD;!N7!

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

3*:*23*2$9!.R1;!!

!

!!
_#6=%*!ZV!CPdλE!(-!5=2$7#&2!&5!CTdλE!5&%!/\cU!CCt!&5!)(%#&=-!:#7$+*-!

!

!
_#6=%*!CJV!c&*55#$#*27!a!(-!5=2$7#&2!&5!λ0!5&%!/0'FC!:%&:*,,*%!5&%!)(%#&=-!

[\";!

!

!
_#6=%*!CCV!U55#$#*2$9!(-!5=2$7#&2!&5!λ!(23!βJARO!5&%!&2*!&5!:%&:*,,*%-!

5%&4!BZD;!

c+(%($7*%#-7#$! )(,=*-! &5! $&*55#$#*27! k! &87(#2*3! 5%&4!3(7(!

(2(,9-#-!(%*!J;O'J;ZA! (23!$+(%($7*%#-7#$!)(,=*-!&5!$&*55#$#*27!

b!(%*!(8&=7!J;JE'J;JT;!N7!#-!*)#3*27!7+(7!$&*55#$#*27!b!$(2!8*!

5&=23! 5%&4! *Y:*%#4*27(,! 3(7(! >#7+! ,*--! ($$=%($9! (-!

$&*55#$#*27! a;! @&A! #7! #-! %(7+*%! 3#55#$=,7! 7&! =23*%-7(23! 7+*! b!

3*:*23*2$9! &2! λ0 (&% βJ;RO);! <+*! $&*55#$#*27! b! &87(#2*3! &2!
7+*! 8(-#-! &5! *Y:*%#4*27(,! 3(7(! 5&%! /0'FC! #-! -+&>2! #2!

_#6=%*!CE;!I2*!$(2!-**! 7+*!=2$*%7(#279! #2! #7-!3*5#2#7#&2;!@&A!

7+*! (,7*%2(7#)*!>(9-! &5!b! 3*5#2#7#&2!4=-7! 8*! 5&=23;!I2*! &5!

7+*4! >#,,! 8*! :%&:&-*3! 8*,&>;! H=7! &2! 7+*! 8(-#-! &5! 3(7(!

(2(,9M*3! &2*! $(2! (--=4*! 7+(7! 5&%! %(7+*%! +#6+! (26,*-! &5!

#2-7(,,(7#&2! .(23A! (-! $&2-*K=*2$*A! +#6+! λ0
1! 7+*! )(,=*! &5! b!

3&*-!2&7!$+(26*!-#62#5#$(27,9;!
!

!
_#6=%*!CEV!c&*55#$#*27!b!(-!5=2$7#&2!&5! βJ;RO!5&%!/0'FC!:%&:*,,*%!5&%!

)(%#&=-![\";!

5 ANALYTICAL INVESTIGATION OF MAXIMAL EFFICIENCY

I2*! $(2! &87(#2! (! -*7! &5! =-*5=,! %*-=,7-! &2! 7+*! 8(-#-! &5!

*K=(7#&2-! .C1'.R1;!_#%-7!&5!(,,A! #7! #-!*(-9! 7&! 5#23! 7+*!)(,=*!&5!

(3)(2$*3! %(7#&! λ*55! $&%%*-:&23#26! 7&! 7+*! 4(Y#4=4! &5!
:%&:*,,*%!*55#$#*2$9!η4(Y;!@=8-7#7=7#26!.C1!#27&!.O1!(23!-*77#26!
#7-!3*%#)(7#&2!>#7+!%*-:*$7!7&!λ!7&!M*%&!&2*!$(2!5#23!

(8)!!
( )J C J

J

E

C J C J

T T
T

eff

T T

C C a C ab C a

C a C b C a C b

−
= =

− +
λ ;!

c&%%*-:&23#26!)(,=*!&5!η4(Y!#-!

(9)!!!! J
4(Y

C JE

T

T

C

C a C ab
η =

+
;!

c(,$=,(7#&2-! 8(-*3! &2! 3(7(! 5%&4! BFD'BPD! -+&>! 7+*! 6&&3!

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

c&48#2(7#&2!&5!!.G1A!.R1!(23!.T1!6#)*-!

(10)!!!
JC

C

eff

C k

C k b
=

+
λ λ ;!

@&A!>#7+#2!&=%!4&3*,A!7+*!)(,=*!&5!λ*55dλ
0
!%*4(#2-!$&2-7(27!

Proceedings of the International Micro Air Vehicles conference 2011 summer edition

112



!

!

!

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

(26,*-!&5!8,(3*!#2$,#2(7#&2;!<+#-!5($7!#-!)(,#3!2&7!&2,9!5&%!7+*!

:%&:*,,*%-! *Y(4#2*3;! _&%! *Y(4:,*A! 7+*! 6%(:+! 5%&4! BZD! $(2!

,*(3!7&!7+*!-(4*!$&2$,=-#&2!.-**!_#6=%*!CC1;!

c&48#2(7#&2!&5!.G1A!.R1!(23!.Z1!,*(3-!7&!

(11)!!
CC

4(Y

C C CE E

CC

C k C kb C k kb
= =

+ +
η ;!

I2*!$(2!-**!7+(7!7+#-!*Y:%*--#&2!#-!*Y:,#$#7,9!#23*:*23*27!

&5! λ0
A! 8=7! #7! $(2! 3*:*23! &2! λ0

! 7+%&=6+! b! (23A! 4(9! 8*A!

7+%&=6+!CC;!_%&4!_#6=%*-!E!(23!CC!#7!#-!-**2!7+(7!7+*!)(,=*!&5!!

η4(Y! %*4(#2-! $&2-7(27! >#7+#2! %(7+*%! >#3*! %(26*! &5!
λ0 (0.8−1.5), $&%%*-:&23#26! 7&! 7+*! >&%?#26! %(26*! &5!λ0

! 5&%!

7+*! :%&:*,,*%-;! I2! 7+*! &7+*%! +(23A! 7+#-! $&#2$#3*2$*! :%&)*-!

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

$+(26*!-#62#5#$(27,9!>#7+!λ0
!5&%!%(7+*%!+#6+!λ0

;!!

<+*!*Y:%*--#&2! 5&%!CT! (7!λ*55! $(2!8*! 5&=23! 5%&4!.C1A! .G1A!
.CJ1!(-!

(12)!
J

C

C

T eff

b
C C

C k b
=

+
λ ;!

N7! #-! =-*5=,! 7&! $&4:(%*! 7+*! )(,=*-! &5! !η4(YA!λ*55! (23!CTeff!

7+%&=6+!5&%4=,(-!.CJ1A!.CC1A!.CE1!(23!*Y:*%#4*27(,!)(,=*-;!!

_&%! H,($?! ^#3&>! :%&:*,,*%! BFD! aeC;GZA! beJ;JCFGA!

CCeJ;CPTA! keJ;RCA! λJeE;C;! _&%! 7+*-*! )(,=*-! η4(YeJ;TFA!
*Y:*%#4*27(,! )(,=*! #-! J;TE'J;TFS! CTeffeJ;JTTA! *Y:*%#4*27(,!

)(,=*!#-!yJ;ZS!λ*55dλ
J
eJ;ROA!*Y:*%#4*27(,!)(,=*!#-!yJ;RG;!!

_&%! /0'FC! :%&:*,,*%! >#7+ βJ;ROeFO
J
! aeC;FGA! beJ;JEOA!

CCeJ;EJOA! keJ;TZA! λJeC;OS! η4(YeJ;PO! .J;POP! *Y:*%#4*271S!
CTeffeJ;JTO! .J;JZTR! *Y:*%#4*271S! λ*55dλ

J
eJ;RF! .J;PZ!

*Y:*%#4*271;!

_&%! /\c! <+#2! U,*$7%#$! CClT;O! .βJ;ROeCT
J
1! aeJ;PJOA!

beJ;JOEA! CCeJ;ECEGA! keJ;ROPA! λJeJ;TS! η4(YeJ;PCZ! .J;PEE!
*Y:*%#4*271S! CTeffeJ;JPC! .J;JPRO! *Y:*%#4*271S! λ*55dλ

J
eJ;PG!

.J;PEO!*Y:*%#4*271;!

@&A!&2*!$(2!-**!7+(7!7+*!(2(,97#$(,!%*-=,7-!(%*!%(7+*%!$,&-*!

7&! 7+*! *Y:*%#4*27;!@&A! 7+*!$&2$,=-#&2!$(2!8*!4(3*! 7+(7! 7+*!

4&3*,!:%&:&-*3!#-!(3*K=(7*!*2&=6+;!

^*! 2**3! 7&! ?2&>! 7+*! )(,=*-! &5!CCA! k! (23! b;! j-#26! 7+*!

5&%4=,(-! &87(#2*3! 7+*! %*K=#%*3! $&*55#$#*27-! $(2!8*!3*5#2*3;!

c&*55#$#*27! CC! $(2! 8*! 5&=23! #5! >*! ?2&>! 7+*! 6*&4*7%9! &5!

:%&:*,,*%A! 8=7! (--=4*! 7+(7! >*! +()*! 2&! -=$+! #25&%4(7#&2;!

/--=4*! 7+(7! >*! +()*! 7+*! *Y:*%#4*27(,! 3(7(! &5! CT.λ1! (23!
η.λ1;!_%&4!7+*!5#%-7!6%(:+!&2*!$(2!&87(#2!CC!=-#26!5&%4=,(!
.C1;!_%&4!7+*!-*$&23!6%(:+!>#7+!7+*!+*,:!&5!.P1!(23!.R1!&2*!

$(2!5#23!7+*!)(,=*-!&5!a!(23!k;!I2*!&5!5&%4=,(-!.CJ1!&%!.CC1!

6#)*-!7+*2!7+*!)(,=*!&5!b;!<+*!-*$&23!&5!.CJ1!&%!.CC1!$(2!8*!

=-*3!7&!$+*$?!(23!$&%%*$7!7+*!%*-=,7-!#5!2*$*--(%9;!

N7!-+&=,3!8*!*4:+(-#M*3!7+(7!&2,9!7+%**!$&*55#$#*27-!CCA!k!

(23!b!4=-7!8*!?2&>2!7&!3*-$%#8*!7+*!$+(%($7*%#-7#$-!&5!(,,!7+*!

s6&&3t!:%&:*,,*%-!>#7+! 7+*! -(4*!8,(3*!6*&4*7%9! 5&%!(,,! 7+*!

s6&&3t! &:*%(7#26! %*6#4*-;! @&A! 5&%4=,(-! &87(#2*3! $(2! 8*!

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

#2!(!>#3*!%(26*!&5!5,#6+7!$&23#7#&2-;!!!

6 PROPELLER MATCHING FOR MAV 

b&>!>*!+()*!*2&=6+!?2&>,*36*! 7&!:%&$**3! 7&! 7+*!4(#2!

7(-?! &5! 7+#-! #2)*-7#6(7#&2;!/--=4*! 7+(7!>*!+()*! 7+*! (#%$%(57!

7+(7! 5,9! (7! 7+*! )*,&$#79! V! (23! #7! :%&3=$*-! 3%(6!DA! (23! >*!

2**3!7&!5#23!7+*!:%&:*,,*%!>#7+!4(Y#4(,!*55#$#*2$9!(23!>#7+!

:%*3*5#2*3!3#(4*7*%!d;!!!

_#%-7!&5!(,,A!>*!4=-7!$+&&-*!7+*!:%&:*,,*%!5(4#,9!.>#7+!7+*!

-(4*! 8,(3*! 6*&4*7%#*-! 8=7! 3#55*%*27!βJ;RO1! 7+(7! :%&)#3*! 7+*!
4(Y#4(,! *55#$#*2$9! .(8&)*!>*! +()*! -**2! 7+(7! 7+#-! )(,=*! &5!

*55#$#*2$9!#-!:%($7#$(,,9!$&2-7(27!#2!%(7+*%!>#3*!%(26*!&5!λ0
1;!

<+*!2*Y7!-7*:!#-!7&!4(7$+!7+*!(26,*!&5!8,(3*!#2$,#2(7#&2!βJ;RO!
.&%A!#2!&7+*%!>&%3-A!λ0

1;!

/-! 7+*!3%(6!4=-7!8*!*K=(,! 7&! 7+*! 7+%=-7! .DeT1A! 7+*2!>#7+!

7+*!+*,:!&5!.CJ1!(23!.CC1!&2*!$(2!&87(#2!
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V d
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ρ
λ = + ;!

<+#-!*Y:%*--#&2!6#)*-!=-!*2&=6+! #25&%4(7#&2!5&%! 7+*!8*-7!

$+&#$*!&5!:%&:*,,*%;!<+*!&2,9!7+#26!>*!4=-7!3&!#-!7&!$+*$?!#5!

7+#-!)(,=*!&5!λ0
! #-!>#7+#2! 7+*!%*6#&2!&5!4(Y#4(,!η*55;! N5! 7+#-!

)(,=*! #-! &=7-#3*! 7+#-! %*6#&2! &2*!4=-7! $+(26*! 7+*! :%&:*,,*%!

3#(4*7*%;!
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ρ
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eff
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d Vd C kb
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λ ρ
!

_&%4=,(-! .CF1! '! .CO1! ,*(3! 7&! 7+*! $&2$,=-#&2! 7+(7! ,&>*%!

)(,=*-! &5! 7+%=-7! 5&%! 7+*! 5#Y*3!3#(4*7*%! (23!)*,&$#79! %*K=#%*!

+#6+*%! (26,*-! &5! 8,(3*! #2-7(,,(7#&2! (23A! (-! $&2-*K=*2$*A!

,&>*%!%&7(7#&2(,!5%*K=*2$#*-;!

7 EXPERIMENTAL ERRORS AND INACCURACY  INFLUENCE 

ON MATHEMATICAL MODEL

/,,! 7+*! 3(7(! =-*3! (%*! &87(#2*3! #2! *Y:*%#4*27-;! @&A! 7+*%*!

$(2! 8*! *Y:*%#4*27(,! *%%&%-! #2! 7+#-! 3(7(;! _&%! *Y(4:,*A! 7+*!

%*-=,7-!5%&4!BOD!(23!BPD!-,#6+7,9!3#55*%!5%&4!*($+!&7+*%!.&2*!

$(2! $&4:(%*! 7+*! 4(Y#4(,! )(,=*-! &5! *55#$#*2$9! #2! 8&7+!

*Y:*%#4*27-1;! j25&%7=2(7*,9A! (=7+&%-! +()*! 2&7! 5&=23! 7+*!

)(,=*-! &5! *%%&%-! #2! 4&-7! &5! *Y:*%#4*27(,! 3(7(! =-*3! #2! 7+#-!

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

@&A! &2! 7+*! &2*! +(23A! 7+*! (2(,97#$(,! 4&3*,! (23!

$&%%*-:&23#26!*Y:%*--#&2-!$(2!8*!2&7!)*%9!($$=%(7*!(-! 7+*9!

=-*! -&4*! *Y:*%#4*27(,! 3(7(! (23! )*%#5#*3! &2! *Y:*%#4*27(,!

3(7(;!I2!7+*!&7+*%!+(23A!(=7+&%-!=-*3!7+*!*Y:*%#4*27(,!3(7(!

5%&4! 3#55*%*27! %*-*(%$+*%-! 5&%! 3#55*%*27! :%&:*,,*%-;! /-! 7+*!

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

4(7+*4(7#$(,!4&3*,!:%&:&-*3!#-!%(7+*%!(3*K=(7*;!

/,-&!(7! 7+*!-7(6*!&5!:%*,#4#2(%9!3*-#62!#7h-!8*77*%!7&!+()*!

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

4&%*! ($$=%(7*! 8=7!4&%*! $&4:,*Y! (23! -,&>*%!4*7+&3-;! @&A!

(298&39! >+&! =-*-! 7+*! (8&)*! 5&%4=,(-! 4=-7! ?**:! #2! 4#23!

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

8*! =-*3! &2,9! 5&%! 7+*! 5#%-7! (::%&Y#4(7#&2;! N2! 7+*! $(-*! &5!

+#6+*%! ($$=%($9! %*K=#%*4*27-! &2*! 4=-7! =-*! 4&%*! $&4:,*Y!

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

:&#27;!!!
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8 FUTURE WORK

b&>! (=7+&%-! (%*! >&%?#26! &2! 7+*! 7+*&%9! 5&%! b! (23! k!

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

(23! 5,&>! $&23#7#&2-;! @&A! 7+*9! +&:*! 7&! &87(#2! 7+*-*!

*Y:%*--#&2-!#2!7+*#%!5=7=%*!>&%?;!

9 CONCLUSION

I87(#2*3!#-!7+*!4(7+*4(7#$(,!4&3*,!&5!:%&:*,,*%h-!7+%=-7!

(23! :&>*%! $&*55#$#*27-! (-! 5=2$7#&2-! &5! 6*&4*7%#$(,! (23!

?#2*4(7#$(,! :(%(4*7*%-! 5&%! 7+*!:%*,#4#2(%9!"/0!3*-#62;! N7!

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

5&%! %(:#3! 3*7*%4#2(7#&2! &5! :%&:*,,*%! $+(%($7*%#-7#$-;! <+#-!
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N7!>(-! (,-&! 5&=23! 7+(7!4&3*,! (#%$%(57! :%&:*,,*%-! (%*! 2&7!

6&&3! *2&=6+! (-! 7+*9! 3&*-! 2&7! :%&)#3*! 4(Y#4(,! *55#$#*2$9!
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