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+43C:8!XP!D[*"#.*&'()'+397)0)2'()'-#2'3&2*"#(#2')0'-#'O+7,"#'j'1#"#',0#'2)..+/0'()-'(,.*&'
.+".,-#";'(&0()'2)'3,)2*"#'.-#"#3)0*)'-#'2)..+/0'()'.)"&'O-,.*,#.+/0' ()'R)-&.+(#(')0'
.&-&"'$-#0.&')[*)0(+Q0(&2)'()2()')-'.)0*"&'()-'R/"*+.)'T#2*#'-#'1#")('()-'(,.*&U'#d'
mqEp>UX\'$d'mqEp>U\?'UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU'\] 	

+43C:8!YZP!S-#0&'()'1)"O+-'.&0'#-*,"#'mqEp>U\?')[*"#5(&'()'1-#0&2'R).*&"+#-)2'.&3&'-&2'()'
-#'I+7,"#'<U'UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU'\@	

+43C:8!YYP!S)"O+-'mqEp>UX\U'UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU'X>	
+43C:8!Y]P'S)"O+-'mqEp>U\?U'UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU'X>	
+43C:8!YaP'S)"O+-'mqEp>U?^U'UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU'X>	
+43C:8!Y_P'G&3+0+&'1#"#'mqEp>UX\'r 'G>@U'UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU'X?	
+43C:8!YTP'J#"#2'()-'(&3+0+&'4,)'1")2)0*#0'sS)"+&(+.gO-&`'.&0(+*+&0tU'UUUUUUUUUUUUUUUUUUUUUUUUUU'X] 	
+43C:8!YUP'8#70+*,('()'R)-&.+(#('R2U'E#(+&;'1#"#')-'1)"O+-'mE>?^'$#%&'(+2*+0*#2'

2)1#"#.+&0)2')0*")'1)"O+-)2U'UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU'^>	
+43C:8!YVP!8#70+*,('()'R)-&.+(#('R2U'E#(+&;'1#"#'1)"O+-'mE>\?'$#%&'(+2*+0*#2'2)1#"#.+&0)2'

)0*")'1)"O+-)2U'UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU'^=	
+43C:8!YbP!8#70+*,('()'R)-&.+(#('R2U'E#(+&;'1#"#'1)"O+-'mE>X\'$#%&'(+2*+0*#2'2)1#"#.+&0)2'

)0*")'1)"O+-)2U'UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU'^=	
'

!
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$6=:05C774c6!

A0'O-,+(&'+0.&31")2+$-)'4,)'R+#%#' )0' "Q7+3)0' -#3+0#";' *&*#-3)0*)' ()2#""&--#(&;' ()0*"&'

()' ,0' *,$&' --#0&' 1")2)0*#' ,0' 1)"O+-' )21).5O+.&' ()' R)-&.+(#()2' 4,)' 2)' 1,)()' &$*)0)"'

3)(+#0*)'()3&2*"#.+/0'(+").*#'()' -#2').,#.+&0)2'()'B#R+)" gF*&h)2'cuT+*);'=>??dU'D0')-'

.#2&' ()' )2*#"' )0' )-' "Q7+3)0' *," $,-)0*&;' )-' 1)"O+-' ()' R)-&.+(#()2' 0&' 1")2)0*#' ,0#'

")7,-#"+(#('V'2,'R)-&.+(#('39[+3#'2)'")(,.)')0'.&31#"#.+/0'#-'.#2&'#0*)"+&"U'G)-'3+23&'

3&(&;' )-' 3&R+3+)0*&' ()' O-,+(&' 2)' 3,)2*"#' #-)#*&"+&' )0' .&0*"#2*)' .&0' )-' 3&R+3+)0*&'

")7,-#"' 4,)' 1")2)0*#' )-' O-,%&' -#3+0#";' ()$+(&' #' )O).*&2' ()' R+2.&2+(#(;' *)31)"#*,"#;'

O"+..+/0;'1")2+/0'V'R&"*+.+(#(U''

'

!&`02)0('c?<^jd'V'M"#0*'c?<^jd'&$2)"R#"&0',0#'")7,-#"+(#(')2*",.*,"#-')0'2,2')2*,(+&2'

2&$")' O-,%&2' *,"$,-)0*&2;' &$2)"R#"&0' s)2*",.*,"#2' )0' O&"3#' ()' .&-#2' -#"7#2' ()0*"&' ()-'

O-,+(&' )0' -#2' O,0.+&0)2' ()' *+)31&g")*"#2#(&' #,*&g.&"")-#.+&0#(#2' ()' -#' R)-&.+(#(' )0'

2)0*+(&'()'O-,%&;'(+O)")0*)2'()'.)"&;'.&0'-&07+*,()2'()'T#2*#'?UX! 'c2+)0(&'𝛿')-'#0.T&'()'-#'

.#1#'-53+*)' ()-'O-,+(&dU'D--&2'+0O+"+)"&0' .&"").*#3)0*)'4,)' )[+2*5#0'3&R+3+)0*&2'()'7"#0'

)2.#-#'cLF8d;'#,0'.)".#'()'-#'1#")(;'V'4,)'#.#"")#$#0',0#'O"#..+/0'2+70+O+.#0*)'()')0)"75#'

.+0Q*+.#' *,"$,-)0*#' cM,#-#' )*U' H-U;' =>>^dU' v#-*W)"' )*' #-U' c=>?=d' )0.&0*"/' 4,)' )[+2*)0'

3&R+3+)0*&2' ()' 7"#0' )2.#-#' cLF8d' V' ()' 3,V' 7"#0' )2.#-#' cCLF8d' 4,)' %,)7#0' ,0' 1#1)-'

+31&"*#0*)'2&$")')-'.&31&"*#3+)0*&'*,"$,-)0*&'()-'O-,+(&;'V'3,.T&'392'2+70+O+.#0*)'2,'

+31&"*#0.+#'1&"')-'T).T&'()'*)0)"')O).*&2'+0*)"")-#.+&0#(&2')-',0&'.&0')-'&*"&';V'2&$")'-#'

*,"$,-)0.+#U'F)')R+()0.+#'(&2'*+1&2'()'LF8P'-&2',0+(&2'#'-#'1#")('-+3+*)'V'-&2'2)1#"#(&2;'

.&3&'+0(+.#0'-&2')2*,(+&2'()'F)#0'JU'JU'c=>><dU'G)-'3+23&')2*,(+&'2)'1,)()')0*)0()"',0#'

")-#.+/0')0'-#'O&"3#.+/0'()'CLF8;'4,)')2*&2'1,)()0 '2)"'O&"3#(&2'()'12),(& g#-+0)#(&2'V'



12 
 

 

392'#0*+7,&2'LF8' ()2#1)7#(&2' ()' -#'1#")(' -53+*);' )0'R)W'()'1)4,)_&2'3&R+3+)0*&2'#'

7"#0')2.#-#'-&.#-+W#(&2'.)".#'()'-#'1#")(U'

'

v#%&' ,0#' 1)"21).*+R#' )0)"7Q*+.#' ()-' O-,+(&;' -#2' 2,1)")2*",.*,"#2' ")1")2)0*#0' #1&"*)2'

+31&"*#0*)2' #-' O-,%&' *,"$,-)0*&U' aU' EU' v#-*W)"' c=>?=d' )[1-+.#' )0' 2,' )2*,(+&' 4,)' -&2'

3&R+3+)0*&2' ()-' *+1&' CLF8' ()' -&07+*,(' ()' &0(#' 3#V&"' #' *")2' R).)2' )-' "#(+&' ()' *,$&'

.&0*"+$,V)0'392'()-'X>l'()'-#')0)"75#'()'*,"$,-)0.+#')0'2)0*+(&'()'O-,%&;'V'392'()-'\>l'

()-' )2O,)"W&' .&"*#0*)'𝑢𝑣' c0&"3#-'#-'O-,%&' )0'1#")(d' ()-'O-,+(&U'o)--2*"w3'F+0T#' f'F3+*2'

c=>??d'#1&"*#0'#')2*)'."+*)"+&')2*#$-).+)0(&'4,)'#-'")#-+W#"',0')2*,(+&'()'Descomposición	

Ortogonal	Apropiada'cSKGd')0',0')2*,(+&',2#0(&'S6C'cS#"*+.-)'63#7)0'C+2,#-+W#*+&0d;'T#0'

)0.&0*"#(&'4,)')0'O-,%&'*,"$,-)0*&')0',0'*,$&;'-#'").&02*",..+/0'.&0'-&2'(+)W'3&(&2'392'

)0)"7Q*+.&2'()'SKG'.#1*,"#0'*&(#2'-#2'1"+0.+1#-)2' .#"#.*)"52*+.#2'()'CL8FU'D0'2+3+-#")2'

*Q.0+.#2' ()'3)(+.+/0' *+1&'S6C;'$#2#(&2' )0' -#' *)&"5#' ()' !#V-&";'2)'T#'&$2)"R#(&'4,)' -#2'

3)(+.+&0)2'+0(+.#0'-#'1")2)0.+#'()'")7+&0)2'()'R)-&.+(#()2'#-*#2'V'$#%#2'4,)'2)')[*+)0()0'

T#2*#' R#"+&2' "#(+&2' ()' *,$)"5#' )0' -#' (+")..+/0' ()-' O-,%&U' M"&x)' f' u)2*)"`))-' c=>??d'

*#3$+Q0' )0.&0*"#"&0' )2*",.*,"#2' 4,)' *)05#0' ,0#' O,)"*)' .&T)")0.+#' c+U)' 2+3+-#"' 2T#1)2d'

1#"#' ,0' #31-+&' "#07&' ()' "#(+&2' #.&3&(#(&2' )0*")' VqEp>U>^' #' >U^' c.)".#' ()' -#' 1#")('

T#2*#'-#'3+*#('()-'"#(+&'()-'*,$&dU'L&2'#09-+2+2')0')21).*"&2')0)"7Q*+.&2'3,)2*"#0'4,)'-#2'

.&0*"+$,.+&0)2'#'-#')0)"75#'.+0Q*+.#'*,"$,-)0*#' 'V'-#'1"&(,..+/0'()'*)02+/0'()'E)V0&-(2;'

0&'2&0'()21").+#$-)2'cM,#-#')*U'H-U'=>>]n'v#-#h,3#"'f'H("+#0'=>>@d;'4,)'-&2'(+2*+07,)'()'

-&2'3&R+3+)0*&2'+0#.*+R&2'1"&1,)2*&2'1&"' !&`02)0('c?<@]dU'G)2()'&*"&'1,0*&' ()'R+2*#'

!&`02)('c?<^jd'V'M"#0*'c?<^jd'+0O+"+)"&0'.&"").*#3)0*)'4,)'CLF8')[+2*5#0;'#,0'.)".#'()'

-#' 1#")(;' V' 4,)' #.#"")#$#0' ,0#' O"#..+/0' 2+70+O+.#0*)' ()' -#' )0)"75#' .+0Q*+.#' *,"$,-)0*#U'
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J&3&')[1")2#'8U'M,#-#2')*U'H-U'=>>^;'R#"+&2')2*,(+&2'()' .&"")-#.+/0'cI#R");'M"#R+7-+&'f'

G,3#2'?<]@n'v"#(2#`'?<]@n' !"+**&0'?<]@n'v-#.h`)-()"' f' Z&R#2W#0#V'?<@?d'2&1&"*#0'V'

#31-+O+.#0'2,2'&$2)"R#.+&0)2'")O)")0*)2'#'-#')0)"75#'()-'.&31&0)0*)')0'2)0*+(&'()-'O-,%&'

-&2' .,#-)2'T#0'2+(&'0&3$"#(&2'V' .&0&.+(&2' .&3&' !&`02)0(y2'z-#"7)' )((+)2yU'8U'M,#-#2'

)*U' #-U' =>>^;' *#3$+Q0' .-#"+O+.#' #-7,0#2' .#"#.*)"52*+.#2' ()'-&2' 3&R+3+)0*&2' #' 7"#0()2'

)2.#-#2'.&0'")21).*&'#'-#')0)"75#'4,)'#1&"*#0U'A2#0(&'-#'*Q.0+.#'()'SKG'1#"#'")#-+W#"'-&2'

)2*,(+&2;' L+,;' H("+#0' f' o#0"#**V' c=>>?d' )0.&0*"#"&0' 4,)' 1&"' -&' 3)0&2' -#' 3+*#(' ()' -#'

)0)"75#'.+0Q*+.#;'1"&3)(+#(#'1&"'.#1#2;'")2+()')0'-&2'3&(&2'()'3)0&")2'/"()0)2U' '

'

L&2'(&.)'3&(&2'392')0)"7Q*+.&2'*+)0)0'-&07+*,()2'()'&0(#'#.&"()2'.&0')-'O-,%&;'T#.+#')-'

+0O+0+*&;' =UXT' V' ?U=T;' V' #-*,"#2' ()' T' V' ",7&2+(#(' ()' Tq=;' &$2)"R#(&2' 1#"#' )-' .#2&' ()'

.#0#-)2U' L&2' 3&(&2' )0)"7Q*+.&2' 0&' 2&0' 2&-#3)0*)' -#"7&2' 2+0&' #-*&2U' D[+2*)' *#3$+Q0'

)R+()0.+#''()')2.#-#2'3,V'7"#0()2'.&0'-&07+*,()2'()'T#2*#'?>𝛿'#'^>𝛿;'.&0*)0+)0(&',0#'

O"#..+/0'2+70+O+.#0*)'()'-#')0)"75#'.+0Q*+.#'*&*#-;')0')-'.#2&'()'*,$&2'.+-50("+.&2'c8U'M,#-#'

)*U'H-U;'=>>^dU' L#' )0)"75#' ()' *,"$,-)0.+#' )2' .&0*" +$,+(#'1&"' )-' ^>l' ()$+(&'#' s*T)' -#"7)'

)((+)2t{' V' #-")()(&"' ()-' j>l' #1&"*#(&' #' -&2' )2O,)"W&2' ()' E)V0&-(2;' .&3&' -&' #.-#"#'

v-#.h`)-()"'f'Z&R#2W0#V'c?<@=dU'H'*&(&')2*&'8U'M#,-#')*U'#-U'c=>>^d'.&0.-,V)'4,)')[+2*)'

,0#' +31&"*#0.+#' #-*#' )0' -#2' O,0.+&0)2' 4,)' .,31-)0' LF8' V' CLF8' .&0' ")21).*&' #' -#2'

.#0*+(#()2'*,"$,-)0*#2'.&3&'-#')0)"75#'.+0Q*+.#'V')-')2O,)"W&'.&"*#0*)'()'E)V0&-(2;'1)"&'

4,)'#,0')[+2*)0'3,.T#2'.,)2*+&0)2'#$+)"*#2U'

'

D2')R+()0*)'4,)')-'.&31&"*#3+)0*&'*,"$,-)0*&'()'-#2'1#"*5.,-#2'()'O-,+(&')2'+0O-,)0.+#(&'

) 0' .+)"*#' 3)(+(#' 1&"' -&2' 3&R+3+)0*&2' ()2."+*&2U' D--&2' ")1")2)0*#0' 3).#0+23&2'
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1")O)")0.+#-)2'4,)'-#2'1#"*5.,-#2'&.,1#0'1#"#'O-,+"')0'-#'*,"$,-)0.+#U'v#-*W)"')*'#-U;'=>?='

3,)2*"#')0'2,2')2*,(+&2'1&"'SKG'4,)'-&2'(&2'(&3&2'392')0)"7Q*+.&2'#.&7)0' ' i=l'c?l'

.#(#', 0&d'()-'*&*#-'()')0)"75#'.+0Q*+.#'(+21&0+$-);'*&3#0(&')0'.,)0*#'4,)'-#'.&"")-#.+/0'

.&0' -#'4,)' *"#$#%/'#1,0*#$#'#'+()0*+O+.#"' )2*",.*,"#2'2)3)%#0*)2'#'CLF8' f'LF8;'V'#,0'

.&0'-&2'3&R+3+)0*&2'.&0&.+(&2'.&3&':='c.&31&"*#3+)0*&2'()$+(&'#'.b3,-&2'c7",3&2d'

()'O-,+(&'4,)'2)' ()21)7#0' ()-' -53+*)' ()' (&3+0+&'c&'2)#' )-' .&0*&"0&;'&'1#")(' ()-' *,$&d'

T#.+#' )-' .)0*"&' ()' -#' *,$)"5#' 1"&R&.#0(&' R#"+#.+&0)2' ()' R)-&.+(#()2' #(R)"2#2' c&' 4,)'

O")0#0')-'O-,+"ddU'D-'")2*&'()'3&(&2'SKG'.&0*)05#')-' i<jl'")2*#0*)'1)"&'0+07,0&'--)7/'#'

.&0*)0)"' ?l' 1&"' 25' 2&-&;' V'2&-&'")1")2)0*#0' ()' >U=' #' >U\l' .#(#' ,0&U' G)' +7,#-' O&"3#'

()2."+$)' 2,' 3&()-&' ()' #-+0)#.+/0' ()' )2*",.*,"#2' ()' 3&R+3+)0*&' #' 7"#0' )2.#-#n'

)2*",.*,"#2'*+1&'1#4,)*)2'()'O-,.*,#.+&0)2'()'R)-&.+(#()2;'4,)'2)'#-+0)#0'#W+3,*#-3)0*)'

c()21-#W#3+)0*&'#'-&'-#"7&'()-'1)"53)*"&'()-'*,$&')0',0'2)0*+(&'&')0')-'&*"&d'1#"#'.")#"'

3&R+3+)0*&'#'3,V'7"#0' )2.#-#' cCLF8dU'8)(+.+&0)2' ()' -#2' -&07+*,()2' .#"#.*)"52*+.#2' ()'

(+.T#2' )2*",.*,"#2' #""&%#0' ")2,-*#(&2' ()'R#-&")2' )0*")' ?'V' =' "#(+&2' ()' -#"7&'1#"#' LF8;'

3+)0*"#2'4,)'1#"#'CLF8'1,)()0'--)7#"'#'-&07+*,()2'*#0'-#"7#2'.&3&'-#'3+23#'-&07+*,('()'

*,$)"5#'cv#-*W)"')*'#-U;'=>?=dU'

'

S#"#'4,)'2)#'1&2+$-)')-'.&0*"&-'()')2*#2')2*",.*,"#2'1")2)0*)2')0'-&2'O-,+(&2')0'"Q7+3)0'

*,"$,-)0*&;'2)'1"&1&0)'#_#(+"'#-'(&3+0+&'()-'O-,+(&;')0'2,'()O).*&'#'-#2'1#")()2'()-'*,$&;'

)2*",.*,"#2' 4,)' 0&2'1)"3+*#0'3&(+O+.#"' -#2'R)-&.+(#()2;' (+")..+&0)2'V' ()21-#W#3+)0*&2'

()'-#2')2*",.*,"#2'LF8'V'CLF8U'L&2'1)"O+-)2'#)"&(+093+.&2'#_#(+(&2'#-'2+2*)3#'#.*,#"90'

1"+0.+1#-3)0*)')0'-#'")7+/0'.)".#'()'-#'1#")('( )-'*,$&U'

'
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D2*)' )2*,(+&' 1")*)0()' +0R)2*+7#"' -&2' )O).*&2' )0' -#2' R)-&.+(#()2' 39[+3#2' V' 3)(+#2' ()-'

O-,+(&' ()$+(&' #' (+.T&2' 1)"O+-)2' #)"&(+093+.&2;' ()' O&"3#' 4,)' 2)' 1,)(#' )R+()0.+#"' )-'

.&0*"&-'()'-#2')2*",.*,"#2'()')2.#-#'7"#0()'V'3,V'7"#0()'cLF8'f'CLF8d'1#"#'3)% &"#"')-'

*"#021&"*)' ()' O-,+(&2' 1&"' *,$)"5#2' ,2#0(&' 350+3#2' 3&(+O+.#.+&0)2' )0' -#' O#$"+.#.+/0' )'

+02*#-#.+&0)2'()'-#2'3+23#2U'H25'3+23&'+0R)2*+7#"'-&2')O).*&2'2&$")'-#'.#5(#'()'1")2+/0'#'

*"#RQ2'()-'(,.*&'#-',2#"'-&2'1)"O+-)2'#)"&(+093+.&2U' '
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.&0'-#'.#")0.+#'()')2*,(+&2'()$+(&'#'-#'.&31-)%+(#('4,)'")1")2)0*#'")2&-R)"')-'1"&$-)3#'

)0'2+'3+23&U'E).+)0*)3)0*);'2)'T#0'T).T&'#R#0.)2'+31&"*#0*)2')0')2*#'9")#'()$+(&'#'-#'
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METODOLOGÍA	Y	DISEÑO	DE	LA	INVESTIGACIÓN	

)492d0!52!29=:C7=C:89!

Importancia	de	movimientos	Q2	para	el	diseño.	
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Organización	energética	del	flujo	
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.&0*+0,&'()')2*&2'3&(&2'V'2&$")'*&(&'()-'O-,%&'-+$")')0')-'.)0*"&'()-'*,$&'.+-50("+.&U'
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)-' (+2)_&' ()' 1)"O+-)2' #)"&(+093+.&2' 4,)' +0O-,V#0' 2&$")' )-' O-,+(&' 1#"#' &"7#0+W#"' -#2'
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+0O-,V)0')0'-#'&"7#0+W#.+/0'()-'O-,%&U'H,04,)'2)'()$)'0&*#"'4,)'0&'2&0'-#'b0+.#'O&"3#')0'

4, )' 2)' &"7#0+W#' V' (+21)"2#' -#' )0)"75#' ()-' 2+2*)3#;' )[+2*)' *#0*#' .#0*+(#(' ()' &*"#2'
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Diseño	en	Inventor	y	medición	
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)2*",.*,"#2' 2,O+.+)0*)3)0*)' O,)"*)2;' )2*#$-)2' V' -#"7#2' .&3&' 1#"#' )3)"7)"' #' (+2*#0.+#2'

3#V&")2'()'-#'1#")('()-'*,$&U'!&3#0(&')0'.,)0*#'4,)'-& 2'LF8'*+)0)0'-&07+*,()2')0*")'

?E' V' =E;' 2)' *&3#' )2*#' 3)(+(#' .&3&' ")O)")0.+#' 1#"#' )-' (+2)_&' ()' -#2' )2*",.*,"#2'

#)"&(+093+.#2U' S&"' &*"&' -#(&;' 2)' ()$)' 1)02#"' )0' )-' 1)"O+-' ()' R)-&.+(#()2' ()' O-,%&2'

+0*)"0&2;')0')2*)'.#2&'()',0'(,.*&' .+".,-#"U'

'

D2' .-#"&;' 2)7b0'2)' 1,)()' R)"' )0' -#' O+7,"#' =;' 4,)' )-' 1)"O+-' ()' R)-&.+(#()2' *,"$,-)0*&'

1")2)0*#',0#'R)-&.+(#('39[+3#'3)0&"'4,)')0 '.#2&'-#3+0#"U'F)')0*+)0()'4,)'-&2')O).*&2'

R+2.&2&2' 2&0' ")21&02#$-)2' ()' )2*)' )O).*&;' 1)"&' )0' #3$&2' .#2&2' )-' .)0*"&' ()-' (,.*&'

1")2)0*#' -#'R)-&.+(#('39[+3#' .&0' -#'3)0&"'&$2*",..+/0n'#()392' -#'R)-&.+(#('#,3)0*#'

3+)0*"#2' 2)' #-)%#' ()' -#' 1#")(' ()-' (,.*&;' (&0()' T#V' 1")2)0.+#' ()' R)-&.+(#()2' 350+3#2'

.)".#0#2'#'.)"&U'S#"#'4,)'-&2'1)"O+-)2'3#0*)07#0'2,'.#"#.*)"52*+.#'#)"&(+093+.#'2)'-&2'T#'

(+2)_#(&'()'O&"3#'4,) '3+)0*"#2'392'#-*&2'2)#0;'1&"')%)31-&'4,)'2,'")-#.+/0'mqE'2)#'392'

.)".#0#' #' ?;' 2)#0' 392' .&"*&2' ()' -&07+*,(' V' 392' ()-7#(&2' )0' 1,0*&2' 392' .)".#0&2' #-'

.)0*"&'()-'(,.*&U '

'

D2'1&"')2*#'"#W/0'4,)'-&2'1)"O+-)2'mqE'p'>UX\'2&0'392'.&"*&2'4,)'-&2'mqEp>U\?;'3+)0*"#2'

4,)'-&2'1)"O+-)2'mqEp>U?^'2&0'392'-#"7&2U'L#'2+7,+)0*)'*#$-#'3,)2*"#'-#2'-&07+*,()2'()'-#2'

)2*",.*,"#2'#)"&(+093+.#2U' '
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'

'
&9=:C7=C:8! L0634=C5!e@g!
mqEp>UX\' Ep>U?=^'
mqEp>U\?' ?U^Ep>U?j@^'
mqEp>U?^' =Ep>U=^'

!
/8A18!aP!L&07+*,()2'()'-&2'(+2*+0*&2'1)"O+-)2'#)"&(+093+.&2'(+2)_#(&2'

'
'

'
!

+43C:8!YYP!S)"O+-'mqEp>UX\U'
'

'
!

+43C:8!Y]P'S)"O+-'mqEp>U\?U'
'

'
!

+43C:8!YaP'S)"O+-'mqEp>U?^U'
'
'

F)' )02#3$-#"&0'-#2')2*",.*,"#2'2&$")' ,0'*,$&'()'Ep>U?=^'|3 }'3)(+#0*)' )-'2&O*`#")' ()'

(+2)_&U'o#.+)0(&',2&'()' -#2'T)""#3+)0*#2'()'60R)0*&"'2)' .&1+/'V')[*"#%&'-#'1#"*)'()' -#2'

)2*",.*,"#2'#)"&(+093+.#2'()' -&2'(,.*&2'1#"#' .&02*",+"' )-' (&3+0+&'4,)'2)"9' ,2#(&'1#"#'

-#2'2+3,-#.+&0)2U'
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'

! +43C:8!Y_P'G&3+0+&'1#"#'mqEp>UX\'r 'G>@U'
'

L#'.&02*",..+/0'()'-&2'(&3+0+&2'")2,-*#'()',0#'2)"+)'()'1",)$#2'V')""&")2'#-'3&3)0*&'()'

+0*)7"#"-&2' .&0' )-'1#4,)*)' .&31,*#.+&0#-'JK8FKLU'L#'O&"3#'()' +0*)"1")*#"' -&2'&$%)*&2'

\G'()'JK8FKL' ")2,-*#'2)"'3,V'$92+.#'()'3&(&'4,)'3&-()#"' .,#-4,+)"'O&"3#'.&31-)%#'

") 2,-*#0*)' ()-' 1"&.)2&' ()' 3&()-#(&' )0' 60R)0*&"' )2' ,0' )2O,)"W&' R#0&n' *&(#' O&"3#' ,'

&1)"#.+/0' .&31-)%#' )2' 1&$")3)0*)' +0*)"1")*#(&' 1&"' JK8FKLU' G)-' 3+23&' 3&(&' -#2'

#"+2*#2' ")2,-*#0*)2' ()' )[*",2+&0)2' &' .&"*)2' ")#-+W#(&2' 2&$")' )-' 3&()-&' \G;' #25' .&3&'

21-+0)2' V' *&(&' *+1&' ()' )02#3$-)2' .&0' 7"#(&2' ()' ()*#--)' 3,V' 1)4,)_&2' 2&0' 3#-'

+0*)"1")*#(&2'1&"'JK8FKLU'L#'O&"3#'392'O9.+-'1#"#'4,)'JK8FKL'").&0&W.#'V'3#0+1,-)'

.&0' .&31)*)0.+#;' -&2' &$%)*&2' \G' )2' #1,0*#"' #-' (+2)_&' 392' 2+31-)U' D2*#' -+3+*#0*)' 0&'

1)"3+*+/' 4,)' -&2' 1)"O+-)2' .&02*",+(&2' 2)#0' .&31-)*#3)0*)' #)"&(+093+.&2n' .&3&' 2)'

1,)()'R)"' )0' -#2' I+7,"#2' JU=;'JUX'V'JU]' ()-'H0)[&'J; ' -#2'1#"*)2'O"&0*#-)2' ()' -&2'1)"O+-)2'

#)"&(+093+.&2'2&0'3,V'7",)2#2'V'1")2)0*#0'#"+2*#2'.&0'907,-&2'").*&2;'-&'4,)'1"&R&.#"9'

7"#(+)0*)2' ()' 1")2+/0' #(R)"2&2' 1#"#' )-' O-,%&' V' 1&"' -&' *#0*&' .#,2#"9' *,"$,-)0.+#' V'

2)1#"#.+/0'()'-#'.#1#'-53+*)'()'O-,%&')0')2&2'1,0*&2;'1"&R&.#0(&')O).*&2'0&'()2)#(&2U'

'

F)' T#0' 3&()-#(&' *")2' *+1&2' (+2*+0*&2' ()' 1)"O+-)2' #)"&(+093+.&2;' 1#"#' #-.#0W#"' *")2'

(+O)")0*)2'#-*,"#2' ")-#*+R#2'#-' (,.*&'V' )2*,(+#"'2,2' )O).*&2U'S#"#' .#(#' )2*",.*,"#'2)'T#0'
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)02#3$-#(&' (+O)")0*)2' (,.*&2' .&0' ,0#' 3+23#' -&07+*,(' ()' *,$)"5#;' 1)"&' -#' (+O)")0.+#'

"#(+.#' )0' -#' 2)1#"#.+/0' )[+2*)0*)' )0*")' .#(#' )2*",.*,"#' )0' )-' )02 #3$-);' 3)(+(&' )0'

3)*"&2P'>U<;'>Uj^;'>Uj;'>U@^U'A0#'2)1#"#.+/0'3)0&"'4,) '>U@^'3)*"&2'")2,-*#'+0)O+.+)0*);'#-'

+7,#-'4,)',0#'3#V&"'#'>U<'3)*"&2;'()$+(&'#'-&2')O).*&2'#(R)"2&2'&$2)"R#(&2')0')-'.#31&'

()'R)-&.+(#()2'()-'O-,%&U'

'

H$&7#0(&'1&"' )-'$,)0' ,2&'()' ").,"2&2' .&31,*#.+&0#-)2P'8)3&"+#'EH8'V'R)-&.+(#(' ()'

1"&.)2#3+)0*&' c]U@' oW'r ' 60*)-' .&")' +@dn' 2)' T#' &1*#(&' 1&"' ,2#"' ,0' (&3+0+&' 3)0&"' #-'

.&31-)*&')21#.+&'()'(,.*&U'F)'T#'2)1#"#(&'#-'(&3+0+&'()-'(,.*&')0'2)+2'1#"*)2;'()'3&(&'

4,)'2&-#3)0*)'?q]'()-'*,$&'2)'2+3,-)U'D2'().+"'2&-#3)0*)')-'(&3+0+&'4,)'.&31")0()' !"# '

()-'.5".,-&'4,)'.&0O&"3#')-'.+-+0("&'2)',2/ '1#"#'2+3,-#"')0'JK8FKLU'D2*#'().+2+/0'2)'$#2/'

)0'4,)'2)'1,)()'(#"',2&'#'-#'T)""#3+)0*#'s1)"+&(+.'O-&`t'()'JK8FKL;'-#'.,9-'&$*+)0)'-&2'

R#-&")2' ()' -#2'R#"+#$-)2' ()1)0(+)0*)2'4,)'2#-)0' ()' ,0' -53+*)'V' -#2' ,2#' .&3&'R#-&")2' ()'

)0*"#(#'1#"#')-'&*"&'-53+*);' ()'O&"3#'4,)'2)'1,)()'2+3,-#"'2&-&'?q]' ()-' (&3+0+&'+0+.+#-'

2#$+)0(&' 4,)' -&2' )O).*&2' 2&$")' )-' O-,%&' ()$+(&' #' .#(#' )2*",.*,"#' #)"&(+093+.#' 2)'

")1")2)0*#"#0'1&"'2)"')2*",.*,"#2'1)"+/(+.#2U'

D-'1"&$-)3#'4,)'2,"7)'#-',2#"') 2*#'2+31-+O+.#.+/0')2'4,)'0&'2)'1,)()'")1"&(,.+"')-')O).*&'

()' 7+"&' T)-+.&+(#-' ()' -#2' (+.T#2' )2*",.*,"#2' #)"&(+093+.#2;' V#' 4,)' 1&"' )2*)' )O).*&' -#2'

)2*",.*,"#2'()$)"5#0'2)"'.&-&.#(#2',0#2'.&02).,*+R#3)0*)'()-#0*)'()'&*"#2'1")2)0*#0(&'

,0'907,-&'#W+3,*#-U'v#%&' -#'2+31-+O+.#.+/0'3)0.+&0#(#;' )-' )2*,(+&' ()' -&2' )O).*&2' ()' -#2'

)2*",.*,"#2' #)"&(+093+.#2' 2&$")' -&2' 1)"O+-)2' ()' R)-&.+(#()2' ()-' O-,%&' 2&0' 2&-&'

#1"&[+3#(&2' #' -&2' O+0)2' )21)"#(&2;' -+3+*#(&2' 2&-&' 1&"' -&2' ").,"2&2' .&31,*#.+&0#-)2'

(+21&0+$-)2U'
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Diseño	del	problema	en	COMSOL	

L#'1-#*#O&"3#',2#(#'1#"#'2+3,-#"')-'O-,%&'1&"'*,$)"5#'+0*)"0#'4,)'2)'T#',2#(&')2'JK8FKL;'

,0' 1#4,)*)' .&31,*#.+&0#-' 3,-*+1"&1/2+*&;' 1#"#' 3&()-#"' V' 2+3,-#"' 1"&$-)3#2' )0' )-'

93$+*&'()'-#'O52+.#'cJ&32&-;'=>?]dU'v#2#(&')0'.9-.,-&2'3#*)39*+.&2'()')-)3 )0*&2'O+0+*&2;'

)2*)'2&O*`#")')2'.#1#W'()'")2&-R)"',0'#31-+&'"#07&'()'1"&$-)3#2'O52+.&2'()2#""&--#0(&'-#'

2+3,-#.+/0' 1)"*+0)0*)n' (#0(&' ,2&' #' 2,2' T)""#3+)0*#2' ()' #0+3#.+/0' #2+2*+(#' 1&"'

.&31,*#(&"#' cJHG;' 1&"' 2,2' 2+7-#2' )0' +07-Q2d' 2)' 1,)()0' .&02*",+"' (&3+0+&2' )0' (&0()'

&.,""+"9' -#' 2+3,-#.+/0' O52+.#' V' T#.+)0(&' ,2&' ()' 2,2' .#"#.*)"52*+.#2' 1,)()' .&02)7,+"'

")2,-*#(&2' 1#").+(&2' #' -&2' ")#-)2U' !+)0)' -#' .#1#.+(#(' ()' #..)()"' #' .#(#' #21).*&' ()-'

3&()-&' ()' -#' 2+3,-#.+/0' 3)(+#0*)' s8&()-' v,+-()"t' )-' .,#-' 1)"3+*)' ,0+"' (+O)")0*)2 '

+0*)"O#.)2'()'2+3,-#.+/0'O52+.#U'

'

D-'3/(,-&'()' .#(#'sO52+.#t'(+21&0+$-)'1)"3+*)'&1*+3+W#"'-&2'.9-.,-&2'()'-#2'2+3,-#.+&0)2'

1#"#' .#(#' .#2&U'S&"' )%)31-&;' )-'3/(,-&'JIG'1)"3+*)'2+3,-#"' *#0*&'1#"#'O-,%&2'+0*)"0&2'

.&3&')[*)"0&2U'G)'+7,#-'O&"3#'1)"3+*)'2+3,-#"'O-,%&2'-#3+0#")2'.&3&'*,"$,-)0*&2U'S#"#'

2+3,-#"'-&2'O-,%&2'*,"$,-)0*&2;'JK8FKL'1")2)0*#',0#'2)"+)'()'+0*)"O#.)2'1#"#'(+O)")0*)2'

.#2&2')0'4,)'-#'*,"$,-)0.+#'2)'T#'.#*)7&"+W#(&U'D0*")'-#2'.,#-)2')0.&0*"#3&2'#-'3&(,-&'

! ! 𝜔' )-' .,#-' 2+3,-#' O-,%&2' .&0' 0,3)"&' ()' E)V0&-(2' 7"#0()2' )0' ,0#' 2&-#' O#2)' 4,)'

1")2)0*)'-#'.#"#.*)"52*+.#'()'2)"'+0.&31")2+$-)2')0'0b3)"&2'8#.T'3)0&")2'#'>U\U'D0'-#2'

1#")()2;' 2+3,-#' )-' O-,%&' 3)(+#0*)' O,0.+&0)2'()' 1#")(' cu#--' O,0.*+&02dU' E)2,)-R)' -#2'

).,#.+&0)2'()'B#R+)"gF*&h)2'1#"#'.#-.,-#"'-#'.&02)"R#.+/0'()-'3&3)0*&'V'-#').,#.+/0'()'

-#' .&0*+0,+(#(' 1#"#' .&02)"R#.+/0' ()' 3#2#U' m' 1,)()' 2)"' ,2#(&' 1#"#' 1"&$-)3#2' *+1&'

()1)0(+)0*)2' ()-' *+)31&' &' )2*#.+&0#"+&2'cJ&32&-;' =>?]dU' L#' R)0*#%#' ()' ")2&-R)"' -#'
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2+3,-#.+/0' ,2#0(&' )-' 3/(,-&' h g̀' )2' 4,)' -&2' ")2,-*#(&2 ' &$*)0+(&2' 2&0' 392' .&0O+#$-)2'

.,#0(&'2)' ")2,)-R)0'O-,%&2'+0*)"0&2' 'V#'4,)' 2)' ")2,)-R)' )-' 3&(,-&'1#"#' -#2'R#"+#$-)2'h'

c)0)"75#'.+0Q*+.#'*,"$,-)0*#d'V'`'c(+2+1#.+/0'1&"',0+(#('()')0)"75#'.+0Q*+.#'*,"$,-)0*#dU'D-'

3/(,-&' JIG' T#.)' ,2 &' ()-' 3&()-&' Z g̀' u+-.&[' ")R+2)(U'S&"' &*"#' 1#"*);' )[+2*)0' (&2'

()2R)0*#%#2'+31&"*#0*)2'1&"'.&0&.)"'.,#0(&'2)',2#')2*)'3&(&P'L#'1"+3)"#')2'4,)'1,)()'

1")2)0*#"'7"#0'2)02+$+-+(#('#'-&2'R#-&")2'()'`'c(+2+1#.+/0'1&"',0+(#('()')0)"75#'.+0Q*+.#'

*,"$,-)0*#d'()-'O-,%&'-+$")'()')0*"#(#;'1&"'-&'4,)'R#"+#.+&0)2'1)4,)_#2'()'-#'s(+2+1#.+/0'

1&"' ,0+(#(' ()' )0)"75#' .+0Q*+.#'*,"$,-)0*#t' )0' -#' )0*"#(#'1&("5#0'#O).*#"' -&2'")2,-*#(&2'

O+0#-)2' O9.+-3)0*)U' L#' 2)7,0(#' ()2R)0*#%#' 4,)' 2)' 1")2)0*#' )2' 4,)' )-' 3&()-&' hg̀' )2'

0,3Q"+.#3)0*)'3)0&2'"&$,2*&'4,)')-'3&()-&'h g)U'cJ&32&-;'=>?]d'

'

D[+2*)'-#'1&2+$+-+(#('()',2#"')-'3&()-&'FF!'1#"#'")2&-R)"')-'(&3+0+&;'1)"&')2*)'3&()-&;'#'

(+O)")0.+#' ()'𝑘 ! ! ;' 2+' ")2,)-R)' )-' O-,%&' .)".#' ()' -#2' 1#")()2' V' 0&' &.,1#' O,0.+&0)2' ()'

1#")(;' &.,1#' 392' ").,"2&2' .&31,*#.+&0#-)2' V' *+)31&' ()' 1"&.)2 #3+)0*&U' D2' 1&"' )2*#'

"#W/0'4,)'-&2'$)0)O+.+&2'()-'3&()-&'FF!'2&0'-+3+*#(&2U''H,04,)'")2,-*#"5#'3,V'#.)"*#(&'

")2&-R)"' )-' (&3+0+&' 3)(+#0*)' )2*)' 3&()-&;' )[+2*)' ,0#' 7"#0' 1&2+$+-+(#(' ()' 0&'

.&0R)"7)0.+#' ()' ")2,-*#(&2' )2' 1&"' )--&' 4,)' 2)' ")2,)-R)0' +0+.+#-3)0*)' -&2' 3&(,-&2' ! !

! cQ12+-&0d' V' '! ! 𝜔' c&3)7#d' 1#"#' (#"' $,)0#2' .&0(+.+&0)2' +0+.+#-)2' 1#"#' 2,' "91+(#'

.&0R)"7)0.+#'cJ&32&-;'=>?]dU'G)'*&(#2'O&"3#2;')-'*+)31&'()'.&0R)"7)0.+#')2'3,V'7"#0()'

V'0&'T#'1)"3+*+(&'2,',2&'1#"#'-#'+0R)2*+7#.+/0U'

'

S#"#' -#' .&02*",..+/0' ()' -#' 2+3,-#.+/0' 2)' T#0' +31&"*#(&' -&2' (&3+0+&2' 4,)' T#0' 2+(&'

3&()-#(&2' )0' 60R)0*&"U'L&2'3&()-&2' ")1")2)0*#0' ,0' 2)[*&' ()-' *&*#-' ()-' (&3+0+&' ()' -#'
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*,$)"5#U'F)'T#'#2+70#(&')-'3#*)"+#-'s#7,#t'#-'(&3+0+&'V#'4,)')2*)')2')-'4,)'2)',2#"9'1#"#'

-#' 2+3,-#.+/0U' L#' O52+.#' 2)-)..+&0#(#' )2' !,"$,-)0*' O-&`;' h g̀ ' V' ()0*"&' ()' )2*)' 0&(&' 2)'

1,)()0' +07")2#"' -#2' 1"&1+)(#()2' 4,)' 2)' 3,)2*"#0' )0' -#' 2+7,+)0*)' *#$-#n' 4,)' 2&0' -&2'

1#"93)*"&2')0'-&2'4,)'*"#$#%#"#')-'O-,+(&U'

O8:?@2=:0! #050! %810:!
G)02+*V'!! !' I-,+('S"&1)"*+)2' <<@Uj]'|h7q3\ }'
GV0#3+.'R+2.&2+*V'!! !' I-,+('S"&1)"*+)2' >U>>><^^'|S#~2}'
D4,+R#-)0*)'2#0('"&,7T0)22'T)+7T*'[! !"# !' u#--' ^>'|! 3} '
B&"3#-'+0O-&`'R)-&.+*V'!! ! ! ' 60-)*'?' >U=\'|3q2}'
!,"$,-)0*'+0*)02+*V'!!! ! ' 60-)*'?' >U>X>XXX'|-}'
!,"$,-)0.)'-)07T*'2.#-)' !! ! ! ' 60-)*'?' >U>?@^'|3}'

'
/8A18!_P!S#"93)*"&2'()'*"#$#%&'1#"#')-'O-,+(&'2+3,-#(&U'

'
!&3#0(&')0'.,)0*#')-'(+93)*"&'()'-#'*,$)"5#'4,)')2'()'Gp>U=^|3}'V'-#2'1"&1+)(#()2'()-'

O-,+(&'()'-#'*#$-#;'2)'1,)()')21)"#"',0'0b3)"&'()'E)V0&-(2'()P '

!" !
!"#

!
! !"""" '''''''' c\d'

C#-&"'4,)' 2)' T#' )2.&7+(&' 1&"' T#$)"' #""&%#(&' -&2' ")2,-*#(&2' 392' 2+70+O+.#*+R&2' )0'

.&31#"#.+/0'#',0'R#-&"'()'=^>>>'1"&1,)2*&'1&"'aU'EU'v#-*W)";'EU'aU'H("+#0'#0('€+#&T,#'u,'

1#"#' 3&()-#"' -#2' 1"&1,)2*#2' )2*",.*,"#2' *,"$,-)0*#2' LF8' f' CLF8U' S&"' &*"&' -#(&;' -#'

1")2+/0')0'-#'2#-+(#'()-'(&3+0+&'2)'T#')2*#$-).+(&')0'.)"&'1#2.#-)2'()$+(&'#'(&2'"#W&0)2P'

-#' 1"+3)"#;' JK8FKL' 1,)()' ")2&-R)"' )-' (&3+0+&' $#290(&2)' )0' 1")2+&0)2' #$2&-,*#2' &'

")-#*+R#2;')0')2*)'.#2&'2)'*&3#"#0'-#2'2&-,.+&0)2'()'1")2+&0)2'.&3&'")-#*+R#2n'-#'2)7,0(#'

)2'4,) '3,.T&2'3&()-&2'1"&1,)2*&2'2+'2)'R)0'#O).*#(&2'1&"',0#'R#"+#.+/0')0'-#'1")2+/0'()'
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'

!)0)"' .)"*)W#' ()' -#'R)"#.+(#(' ()' -&2' ")2,-*#(&2'&$*)0+(&2'3)(+#0*)'2+3,-#.+/0' )2'3,V'
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7",)2#;'3+)0*"#2'4,)'#-'3#--#(&'$#2);'0&"3#-U'

'
/8@8d0!52!@811850! /8@8d0!@?G4@0! /8@8d0!@;64@0!
M",)2#' >;>??^^'|3} ' >;>>]>^'|3} '
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'
'
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2)-)..+&0#(&2U'D2*&2'1,0*&2')0'-&2'4,)'2)')R#-,#"&0'-#2'1"&1+)(#()2'3)0.+&0#(#2'O,)"&0'
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?>ĝ ' >;@>@<^' ?;==j@]' ?;?X?>>' >;@@]=<' >;^j^\< ' >;@<?@<'

!
/8A18!bP'!#2#'()'.&0R)"7)0.+#'1#"#'*")2'3#--#2;'E=U'

'
'

D2' )0'$#2)'#' )2*&2' ."+*)"+&2'2&$")'-&2' .,#-)2'2)' ")#-+W#'-#' .#"#.*)"+W#.+/0' ()' -&2' .#31&2'

*,"$,-)0*&2'4,)'1")2)0*#0'-&2'3&()-&2'()' (,.*&2' .&0'1)"O+-)2'#)"&(+093+.&2'#_#(+(&2U'

F)'T#0'.&31#"#(&'V')2*,(+#(&'-&2'R#-&")2'()'-&2'?='3&()-&2')0'$#2)'#'(#*&2'&$*)0+(&2'

1#"#' )-' .9-.,-&' ()' -&2' )""&")2' #0*)2' 3)0.+&0#(&2U' F)' .#"#.*)"+W#"&0' -&2' .#31&2'

*,"$,-)0*&2' *&3#0(&' )0' .,)0*#' \' "#(+&2' (+2*+0*&2' ()0*"&' ()-' (,.*&' ")1")2)0*#(&2' 1&"'

E>>><;' E>>j\' V' E>???;' *#0*&' 1#"#' -#' 2)..+/0' ()' *,$&' --#0&' .&3&' .&0' 1)"O+-)2''

#)"&(+093+.&2U'S&"'-&'*#0*&;')[+2*)0'\'W&0#2'4,)'(+O)")0.+#0')-'.&31&"*#3+)0*&''()-'O-,%&'

()0*"&'()-' (,.*&U'G)1)0(+)0(&'()' -&2'R#-&")2'1"&3)(+&'()' -&2'7"#(&2'()' -+$)"*#(' )0'-#'

2)..+/0' ()' *,$&' .&0' 1)"O+-)2' #)"&(+093+.&2;' 1#"#' )2*&2' "#(+&2;' 2)' )2*,(+#"&0' V'

.#"#.*)"+W#"&0' -&2' O-,%&2' 4,)' -&2' 3&()-&2' 1")2)0*#0U' !&(&2' -&2' (#*&2' 1"&3)(+&' ()' -&2'

")2,-*#(&2'()'-&2'3&()-&2'1#"#'*&(&2'-&2'7"#(&2'()'-+$)"*#('2)'1")2)0*#0')0')-'#0)[&'vU'

'

H0#-+W#0(&'-&2'(#*&2'2)'1,)()'&$2)"R#"'4,)'*#0*&'-&2'3&()-&2'.&0'1)"O+-)2'()'R)-&.+(#('

3#V&")2' #' -#' .&31#"#.+/0' ()' *,$&' --#0&;' .&3&' -&2' ()' 3)0&"' R)-&.+(#(;' *+)0)0'

.#"#.*)"52*+.#2' 2)3)%#0*)2' )0*")' )--&2n' ()2()' #T&"#' --#3#(&2' 1)"O+-)2' ()' R)-&.+(#('

2,1)"+&")2' V' #(R)"2&2' ")21).*+R#3)0*)U' D-' -+2*#(&' ()' -&2' 3&()-&2' ()1)0(+)0(&' ()' 2,'

R)-&.+(#(' )0' .&31#"#.+/0' .&0' )-'3&()-&' ()' ")O)")0.+#;'&'* ,$&' --#0&;'2)'1")2)0*#' )0' -#'



57 
 

 

*#$-#' <U' F)' ()$)' 0&*#"' 4,)' -&2' 3&()-&2' .&0' 1)"O+-)2' #)"&(+093+.&2' mE>?^' 0&' 2)' T#0'

*&3#(&' )0' .,)0*#' ()$+(&' #' 4,)' )-' 1)"O+-' ()' R)-&.+(#()2' 4,)' 7)0)"#0' 0&' .#3$+#' .&0'

")21).*&'#-'3&()-&'()'*,$&'--#0&U'

,8909!52!>2:<4129!52!B21074585'
S)"O+-)2'()'R)-&.+(#('

#(R)"2&2'
S)"O+-)2'()'R)-&.+(#('

2,1)"+&")2'
mE>\?gG>@' mE>\?gG>]^'
mE>X\gG>^ '̂ mE>\?gG>]'
mE>X\gG>]' mE>\?gG>^ '̂

' mE>X\gG>@'
' mE>X\gG>]^'

'
/8A18!XP'J-#2+O+.#.+/0'()'-&2'3&()-&2'()1)0(+)0(&'()'2,'1)"O+-'()'R)-&.+(#(U'

'

Perfiles	de	velocidades	adversos	

D2*)' *+1&' ()' 1)"O+-)2' ()' R)-&.+(#()2' 2&0' ")1")2)0*#*+R&2' ()' -&2' 3&()-&2' 2+3,-#(&2P'

mE>\?gG>@;'mE>\?gG>];'mE>X\gG>^^;'mE>X\gG>]U'F)' .#"#.*)"+W#0'1&"' *)0)"'R)-&.+(#()2'

3)0&")2'#'-#2'()' ,0'1)"O+-'()'R)-&.+(#()2'.&0R)0.+&0#-;'&'()'*,$&'--#0&U'F,2'R#-&")2'()'

)0)"75#'.+0Q*+.#'*,"$,-)0*#'c! d'2&0'3,V'#-*&2;')0' .&31#"#.+/0'#'-#'")O)")0.+#;')0'W&0#2'

.)".#0#2'#' -#'1#")(;' )2' ().+"'E>???U'G)'+7,#-'O&"3#' -#' *#2#' )21).5O+.#' ()' (+2+1#.+/0' ()'

)0)"75#' .+0Q*+.#' cK3d' )2' 3,V' #-*#;' -#' *#2#' ()' .&"*#0*)' cF"d'V' R&"*+.+(#(' )0' )-' 1-#0&'

1)"1)0(+.,-#"'#-'O-,%&'c8C&"*mƒd'2&0'+7,#-3)0*)'3,V'#-*&2')0'W&0#2'.)".#0#2'#'-#'1#")(U'

L&' 3+23&' &.,"")' .&0' -#' R)-&.+(#(' )0' )-' 1-#0&' 1)"1)0(+.,-#"' #-' O-,%&' c8C)-mƒdn' )2*#'

R#"+#$-)' ")1")2)0*#' -#' R)-&.+(#(' 1)"1)0(+.,-#"' #-' "#(+&' ()' 7+"&' 4,)' -#2' 1#"*5.,-#2'

1")2)0*#0' )0' )-' .#31&' ()'O-,%&' )0' )-'1-#0&'mƒ;'4,)' )2' ,0'1-#0&'1)"1)0(+.,-#"'#-'O-,%&U'

8+)0*"#2'4,)'1#"#'W&0#2'392'-)%#0#2;'E>>j\'V'E>>><;'-&2'R#-&")2'()')2*#2'R#"+#$-)2'R#"5#0'

#O).*#0(&' (+").*#3)0*)' #-' .&31&"*#3+)0*&' ()' -#2' R)-&.+(#()2U' D0' -#' *#$-#' ?>' 2)' T#'



58 
 

 

")2,3+(&' -#' R#"+#.+/0' ()2."+1*+R#' ()' -#2' R#"+#$-)2' )0' .&31#"#.+/0' #-' 3&()-&' ()'

")O)")0.+#U'

'29C1=8509!70@>8:8=4B09!52!B2107458529!46<2:40:29!
' ' h' K3 ' F"' 8C)-mƒ' 8C&"*mƒ'

mE>\?gG>@'
E>>><' ?;\]D ĝ ' =;>^>' >;??j' j<;\=Dĝ ' >;?>j] '
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E>>><' =;>j]Dĝ ' ?;j@\' >;?><\' ?>=;@XDĝ ' >;>@<@'
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E>>><' ?;j<@Dĝ ' ?;]X?@' >;?\X=' @>;<]Dĝ ' >;>=\@'
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E>???' ?^;?<\Dĝ ' ?@;\^X' X;@??^' >;>=>\ '̂ @;='̂

!
/8A18!YYP!E)2,-*#(&2'.&31#"#*+R&2'()'3&()-&2'.&0'1)"O+-)2'()'R)-&.+(#()2'2,1)"+&")2'

'

Perfiles	de	velocidades	especiales	

D0' )2*#' .#*)7&"5#' ").#)0' 3&()-&2' 4,)' 1")2)0*#0' 1)"O+-)2' ()' R)-&.+(#(' 2)3)%#0*)2' #-'

3&()-&'()'")O)")0.+#')0',0#'2)..+/0;'3+)0*"#2'4,)')-'")2*&'()-'1)"O+-')2'R#"+#(&;')2'().+"'

4,)'1,)()'1")2)0*#"'R)-&.+(#()2'3#V&")2'&'3)0&")2U'F)'T#0' *&3#' (&' )0' .,)0*#'1#"#'

)2*#'.#*)7&"5#'-&2'3&()-&2P'mE>\?gG>^^;'mE>\?gG>]^;'mE>\?gG>@;'mE>X\gG>^^'V'mE>X\g

G>]U'

S#"#')-' .#2&'()'-&2'3&()-&2'mE>\?gG>^^'V'mE>\?gG>]^'2)'1,)()'0&*#";'1&"'2,'1)"O+-'()'

R)-&.+(#()2;' 4,)' 2&0' +7,#-)2' #-' .#2&' ()' ")O)")0.+#' )0' W&0#2' .)".#0#2' #' -#' 1#")(U' S#"#'

W&0#2'.)".#0#2'#-' .)0*"&'()-' (,.*&;' -&2'(&2'3&()-&2'1")2)0*#0'R)-&.+(#()2'3#V&")2')0'
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.&31#"#.+/0'#-'3&()-&'()'")O)")0.+#U'D0')-'.#2&'()-'3&()-&'mE>\?gG>^^;'-#2'R)-&.+(#()2'

3#V&")2'2)' (+21&0)0' ()0*"&' ()' ,0' "#(+&' ()' j;@^' .3'T#2*#' )-' .)0*"&' ()-' (,.*&U'S#"#' )-'

3&()-&'mE>\?gG>]^;'-#2'R)-&.+(#()2'3#V&")2')2*90'()0*"&'()'-#'W&0#'()-+3+*#(#'1&"',0'

"#(+&'()'];=^'.3U '

,0@>8:874c6!26=:2!B810:29!52!@052109!['ZaY i)ZTT!Q!['ZaYi)ZUT!
' ' h' &3' F"' 8C)-mƒ' 8C&"*mƒ'

mE>\?gG>^ '̂
E>>><' =;^]?Dĝ ' ?;??>?' >;><j<] ' \?;j^ ĝ ' >;>@@\@'
E>>j\ ' ?\;^jjD ĝ ' ?=;=>\' \;X<X]' >;>?\\] ' \;>@>@'
E>???' \<;]@Dĝ ' j<;\]] ' =@;@@?' >;>??? '̂ =];]<? '

mE>\?gG>]^'
E>>><' ?;<^Dĝ ' ?;]X^^' >;?>XX' ]?;X@Dĝ ' >;>@@<'
E>>j\ ' ^;@=Dĝ ' X;Xjj ' ?;=@<' >;>?=< '̂ ?;>^^\ '
E>???' ?=;]^Dĝ ' ?>;@\' =;XX=' >;>?@X^' =?;]^='

!,$&'--#0&'
E>>><' =;\<]Dĝ ' >;j]]X ' >;>X=]=' ?;?\]Dĝ ' >;X?\'
E>>j\ ' ?X;>^^Dĝ ' X;>=>'̂ ?;=j<\ ' ];^\\D ĝ ' ?;=jX?'
E>???' ?=;?\Dĝ ' ];??=' ?;<>X' ];^@jDĝ ' ?;<>@<'

!
/8A18!Y]P!E)2,-*#(&2'()'3&()-&2'mE>\?gG>^^'V'mE>\?gG>]^'

'

!&3#0(&')0'.,)0*#'-#2'R#"+#$-)2'4,)' .#"#.*)"+W#0'#-'.#31&'()'O-,%&;'2)'1,)()'0&*#"'4,)'

-&2' (&2' 3&()-&2' 2&0' 2+3+-#")2' 1#"#' W&0#2' .)".#0#2' #' -#' 1#")(' .&0' -#' (+O)")0.+#' 4,)' )-'

3&()-&' mE>\?gG>]^' 1")2)0*#' 3)0&"' +0*)02+(#(' ()' *,"$,-)0.+#' c ! d' V' 3)0&"' *#W#' ()'

.&"*#0*)' cF"dU' D0' )-' .#2&' ()' W&0#2' 392'.)".#0#2' #-' .)0*"&' ()-' (,.*&;' E>>j\;' 2)' 1,)()'

0&*#"' 4,)' c! d' )2' 3)0&"' )0' -&2' (&2' .#2&2' 1)"&' )2' 3,.T&' 3)0&"' 1#"#' mE>\?gG>]^;'

3+)0*"#2'4,)'2,2'R#-&")2'1#"#'cK3d;'cF"d'V'c8C&"*mƒd'2&0'2)3)%#0*)2'&'+7,#-)2'#-'3&()-&'

()'*,$&'--#0&n'-&'.&0*"#"+&'1#"#'.&0'mE>\?gG>^^;'4,)'3,)2*"#'R#-&")2'3#V&")2'1#"#')2#2'

R#"+#$-)2U' D0' )-' .#2&' ()-' "#(+&' E>>><;' -&2' (&2' 3&()-&2' 1")2)0*#0' 3)0&"' R&"*+.+(#('

c8C&"*mƒd;' V' c! d' $#%#;' 1)"&' mE>\?gG>]^' 3,)2*"#' ,0' R#-&"' ()' c ! d' #,0' 392' $#%&U' L&2'

R#-&")2'()'cK3d'V'cF"d'2&0'#-*&2'1#"#'mE>\?gG>]^;'3+)0*"#2'4,)'1#"#'mE>\?gG>^^'cK3d')2'
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3#V&"' V' cF"d' )2' +7,#-' #-' 3&()-&' ()' ")O)")0.+#U' L&2' R#-&")2' ()' )2*#2' R#"+#$-)2' V' -#2' ()-'

3&()-&'()'*,$&'--#0&'2)'1,)()0'.&31#"#"')0'-#'*#$-#'?=U '

'

'S#"#' )-' .#2&' ()' -&2' 3&()-&2' mE>X\gG>^^' V' mE>\?gG>@;' -&2' (&2' 1")2)0*#0' 1)"O+-)2' ()'

R)-&.+(#('4,)'2&0'3)0&")2'#-'.#2&'()'")O)")0.+#')0'W&0#2'.)".#0#2'#'-#'1#")('()-'(,.*&U'

S#"#')-'3&()-&'mE>X\gG>^^'-#2'R)-&.+(#()2'2)'1")2)0*#0'3#V&")2'#-' .#2&'()'")O)")0.+#'

1#"#'W&0#2'()0*"&'()' ,0'"#(+&'+7,#-'#' \;@^.3n'3+)0*"#2'4,)'1#"#')-'3&()-&'mE>\?gG>@'

-#2'R)-&.+(#()2'+7,#-#0'#-'.#2&'()'")O)")0.+#'()0*"&'()-'"#(+&'];=^.3U'

,0@>8:874c6!26=:2!B810:29!52!@052109!['Z_ai)ZTT!Q!['ZaYi)ZV!
' ' h' &3' F"' 8C)-mƒ' 8C&"*mƒ'

mE>X\gG>^ '̂
E>>><' =;>j]Dĝ ' ?;j@\' >;?><\' ?>=;@XDĝ ' >;>@<@'
E>>j\ ' ?X;>^^Dĝ ' ?];?<@' \;@j] ' >;>=\>=' \;^<X'
E>???' =>;X\Dĝ ' =<;==' ^;]\= ' >;>=\>\ ' \;]?] '

mE>\?gG>@'
E>>><' ?;\]D ĝ ' =;>^>' >;??j' j<;\=Dĝ ' >;?>j] '
E>>j\ ' ];<Dĝ ' @;<?' =;??' >;>?\^j ' ?;@<=X'
E>???' ^?;@jDĝ ' ??j;=?' \@;<=' >;>?==@' \@;^@'

!,$&'--#0&'
E>>><' =;\<]Dĝ ' >;j]]X ' >;>X=]=' ?;?\]Dĝ ' >;X?\'
E>>j\ ' ?X;>^^Dĝ ' X;>=>'̂ ?;=j<\ ' ];^\\D ĝ ' ?;=jX?'
E>???' ?=;?\Dĝ ' ];??=' ?;<>X' ];^@jDĝ ' ?;<>@<'

!
/8A18!YaP!E)2,-*#(&2'()'3&()-&2'mE>X\gG>^^'V'mE>\?gG>@'

'

J-#"#3)0*)'2)'1,)()'0&*#";'&$2)"R#0(&'-&2'(#*&2'()'-#'*#$-#'?\;'4,)')0'"#(+&2'.)".#0&2'#'

-#'1#")('()-' (,.*&;'E>???;'-&2'R#-&")2'()'-#2'R#"+#$-)2'4,)'.#"#.*)"+W#0'#-'.#31&'()'O-,%&'

2&0'3#V&")2')0'.&31#"#.+/0'#-'.#2&'()'")O)")0.+#U'D0'"#(+&2'E>>j\')[+2*)',0#'(+O)")0.+#'

O,0(#3)0*#-;')-'3&()-&'mE>X\gG>^^'1")2)0*#',0'R#-&"'()'c8C&"*mƒd'3#V&"'4,)')-'.#2&'

()' ")O) ")0.+#'V' ,0'R#-&"' ()'c! d'2)3)%#0*);'3+)0*"#2'4,)'2,2'R#-&")2' ()'cF"d'V'cK3d'2&0'

3#V&")2'4,)')-'3&()-&'mE>\? gG>@U'S&"'&*"&'-#(&;'mE>\?gG>@'1")2)0*#'R#-&")2'()'c! d'V'

c8C&"*mƒd' 3)0&")2' #-' .#2&' ()' ")O)")0.+#U' D0' "#(+&2' 392' 1)4,)_&2;' E>>><;' )-'



62 
 

 

.&31&"*#3+)0*&'()'-&2'(&2'3&()-&2')2'3,V'1#").+(&;'2,2'R#-&")2'()'c8C&"*mƒd'V'c! d'2&0'

3)0&")2'#-'.#2&'()'")O)")0.+#n'2&-#3)0*)'(+O)")0.+#(&2'1&"')-'3&()-&'mE>X\gG>^^'4,)'

1")2)0*#'3,.T&'3)0&"'R#-&"'()'c8C&"*mƒd'V')-'3&()-&'mE>\?gG>@'4,)'1")2)0*#'3)0&"'

c! dU'

D-' 3&()-&' 4,) ' 1")2)0*/' )-' 1)"O+-' ()'R)-&.+(#()2' 392' )[*"#_&'O,)' )-'mE>X\gG>]' )-' .,9-'

1")2)0*#'R)-&.+(#()2'3#V&")2')0'.&31#"#.+/0'#-'.#2&'()'")O)")0.+#')0'W&0#2'.)".#0#2'#'

-#'1#")('()-'(,.*&;'1)"&'R)-&.+(#()2'3,.T&'3)0&")2')0'W&0#2'()0*"&'()-'"#(+&'?>;>'.3U'

D-'1)"O+-'()'R)-&.+(#()2'4,)')2*)'3&()-&'()2#""&--#'2)'1,)()'&$2)"R#"')0'-#'O+7,"#'?jU'

%810:29!52!@05210!['Z_ai)ZU!
' ' h' &3' F"' 8C)-mƒ' 8C&"*mƒ'

mE>X\gG>]'
E>>><' ?\;<\Dĝ ' >;@@\' >;>@??' ?];^^Dĝ ' >;>^<?'
E>>j\ ' \;?=^Dĝ ' @;\<=' =;><<' >;>=\X' ?;\Xj '
E>???' \^;^]D ĝ ' ^@;^^\' ?X;?>j' >;>?\@' ?\;@]'

!,$&'--#0&'
E>>><' =;\<]Dĝ ' >;j]]X ' >;>X=]=' ?;?\]Dĝ ' >;X?\'
E>>j\ ' ?X;>^^Dĝ ' X;>=>'̂ ?;=j<\ ' ];^\\D ĝ ' ?;=jX?'
E>???' ?=;?\Dĝ ' ];??=' ?;<>X' ];^@jDĝ ' ?;<>@<'

!
/8A18!Y_P!E)2,-*#(&2'()'3&()-&'mE>X\gG>]'

'

L#'.#"#.*)"52*+.#'()')2*)'3&()-&')0'E>???')2'*)0)"'R#-&")2'3#V&")2'#'-#'")O)")0.+#U'S#"#'

W&0#2' 392' .Q0*"+.#2;' E>>j\' V' E>>><;' ' 2)' 1,)()' &$2)"R#"' 4,)' -&2' R#-&")2' ()' cK3d' V'

c8C&"*mƒd'2&0'3)0&")2'#'-#'")O)")0.+#;'3+)0*"#2'4,)'c𝑘d'V'cF"d'2&0'3#V&")2U'

'

D0' $#2)' #' -&2' )2*,(+&2' ")#-+W#(&2' 2&$")' -#2' )2*",.*,"#2' .&T)")0*)2' )0' -#' *,"$,-)0.+#;'

)0.&0*"#(&2' 1&"' R#"+&2' #,*&")2;' .&3&' 2&0' LF8' f' CLF8;' 2)' T#' (+2)_#(&' V' 1,)2*&' #'

1",)$#' *")2' *+1&2' ()' 1)"O+-)2' #)"&(+093+.&2' )0' (+O)")0*)' .&0O+7,"#.+&0)2n' .&3&' 2)' T#'

()2."+*&'#0*)"+&"3)0*)U'L&2'1)"O+-)2'#)"&(+093+.&2'2)' (+2)_#"&0'1#"#'4,)'2)#0' .#1#.)2'

()' .#1*#"')-'O-,%&'392')0)"7Q*+.&;'4,)')2'()2."+*&')0')-'1"+3)"'.#15*,-&'()')2*)'*"#$#%&U'
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L&2' ")2,-*#(&2' ()' -#2' 2+3,-#.+&0)2' 3,)2*"#0' 4,)' )2' 1&2+$-)' 3#0+1,-#"' -&2' 1)"O+-)2' ()'

R)-&.+(#()2' 2&-#3)0*)' T#.+)0(&' ,2&' ()' -#2' .&"").*#2' .&0O+7,"#.+&0)2' ()' 1)"O+-)2'

#)"&(+093+.&2' V' 2)1#"#.+/0' )0*")' )--&2n' 2)' 1,)()0' &$*)0)"' 1)"O+-)2' .&0' R)-&.+(#()2'

3#V&")2'#-'.#2&'()'*,$&'--#0&;'&'3)0&")2;'.&3&'2)'T#'3&2*"#(&')0'-#2'I+7,"#2'?];'?@'V'

?jU'L#' *#$-#'<' 3,)2*"#' ,0#' .-#2+O+.#.+/0' ()' -&2'3&()-&2'2+3,-#(&2' )0' $#2)' #-' 1)"O+-' ()'

R)-&.+(#()2'&$*)0+(&'()'-&2'3+23&2U'

'

o#.+)0(&' ,2&' ()' -&2' (#*&2' &$*)0+(&2' 3)(+#0*)' -#2' 2+3,-#.+&0)2' )0' JK8FKL;' 2)' T#'

1&(+(&'&$2)"R#"'4,)'-&2'3&()-&2'.&0'1)"O+-)2'()'R)-&.+(#()2'2,1)"+&")2'c()'R)-&.+(#()2'

3#V&")2'#-'.#2&'()'")O)")0.+#'()'*,$&'--#0&d'3,)2*"#0'R#-&")2'3)0&")2'()'c! d;')0'*&(&2'

2,2' "#(+&2' cE>>><;' E>>j\' V' E>???d;' )0' .&31#"#.+/0' #' -&2' 3&()-&2' .&0' 1)"O+-)2' ()'

R)-&.+(#()2' #(R)"2&2' c()'R)-&.+(#()2' 3)0&")2' #-' .#2&' ()' ")O)")0.+#' ()' *,$&' --#0&dU'D2'

().+"' 4,)' -#' +0*)02+(#(' ()' -#' *,"$,-)0.+#' 7)0)"#(#' 1&"' -&2' 1)"O+-)2' #)"&(+093+.&2'

(+23+0,V)'1#"#'*&(&')-'.#31&'()'O-,%&n'.&3&'2)'1,)()'&$2)"R#"'()'-#2'*#$-#2'?>'V'??U'L&2'

R#-&")2'1#"#'-#'(+2+1#.+/0'cK3d'2&0'2+)31")'3)0&")2')0')-'.#2&'()'3&()-&2'.&0'1)"O+-)2'

()'R)-&.+(#('2,1)"+&")2;'#')[.)1.+/0'()-'3&()-&'mE>X\ gG>]')-'.,9-'3,)2*"#'3)0&"'cK3d'

1#"#'-&2'"#(+&2'E>>><'V'E>>j\;'#,0'2+)0(&'.-#2+O+.#(&'.&3&',0'3&()-&'.&0'1)"O+-'#(R)"2&;'

1)"&' )2*)' )O).*&' 2)' 1,)()' )[1-+.#"' T#.+)0(&' 0&*#"' 4,)' 2, ' R#-&"' ()' (+2+1#.+/0' cK3d' )2'

3,.T52+3&' 3#V&"' )0' W&0#2' .)".#0#2' #' -#' 1#")(' V' 4,)' )2*&' #O).*#' 0&*#$-)3)0*)' #' 2,'

1)"O+-'()'R)-&.+(#()2n'T#V'4,)'0&*#"'4,)')-'1)"O+-'()'R)-&.+(#()2'()')2*)'3&()-&')2')-'392'

)[*"#_&' ()' *&(&2U' G)-' 3+23&' 3&(&;' -&2' 3&()-&2' .&0' 1)"O+-)2' ()' R)-&.+(#(' 2,1)"+&")2'

3,)2*"#0' R#-&")2' ()' *#2#' ()' .&"*#0*)' cF"d' 2+)31")' 3)0&")2' )0' .&31#"#.+/0' #' -&2'

3&()-&2' .&0' 1)"O+-)2' ()' R)-&.+(#()2' #(R)"2&2;' #,0' )0' W&0#2' .)".#0#2' #' -#' 1#")(;' #'
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)[.)1.+/0' ()-' 3&()-&' mE>\? gG>^^' 4,)' 3,)2*"#' ,0' R#-&"' ()' cF"d' .&31#" #$-)' #' -&2'

3&()-&2' .&0' 1)"O+-)2' ()' R)-&.+(#(' #(R)"2&2;' )0' E>???U' D2*)' )O).*&' 2)' 1,)()' )[1-+.#"'

0&*#0(&' )0' -#' O+7,"#' ?@' 4,)' )-' 1)"O+-' ()' R)-&.+(#()2' 1")2)0*#' 2+3+-+*,()2' #-' .#2&' ()'

")O)")0.+#'()'*,$&'--#0&')0'W&0#2'.)".#0#2'#'-#'1#")(;'V'4,)'1")2)0*#'R#-&")2'()'c! d;'cK3d'

V'c8C&"*mƒd'#-*&2' )0' )2)'3+23&' "#(+&U'K*"&2'3&()-&2' .&3&'mE>\?gG>^^;'mE>\?gG>]'V'

mE>\?gG>]^'3,)2*"#0'.#"#.*)"52*+.#2'2+3+-#")2')0'E>???'V'2,2'1)"O+-)2'()'R)-&.+(#()2'2&0'

1#").+(&2;' .&0' R)-&.+(#()2' +7,#-)2' #-' .#2&' ()' ")O)")0.+#' )0' W&0#2' .)".#0#2' #' -#' 1#")(;'

3+)0*"#2'4,)' )0'W&0#2'392' .)".#0#2'#-' .)0*"&' ()-' (,.*&' 2,2'R)-&.+(#()2' 2)' 1")2)0*#0'

2,1)"+&")2U' D2*#' .&31#"#.+/0' T#.)' 0&*#"' 4,)' -&2' 3&()-&2' .&0' 1)"O+-)2' ()' R)-&.+(#('

2,1)"+&";'4,)'*+)0)0'R)-&.+(#()2'.&31#"#$-)2'#-'3&()-&'()'")O)")0.+#')0'W&0#2'.)".#0#2'

#'-#'1#")(;'3,)2*"#0' ,0' .&31&"*#3+)0*&'2+3+-#"')0')2#2'W&0#2;')2'().+"' )0'E>???;'4,)'

2&0P'c! d'#-*&2;'cF"d'#-*&2;'cK3d'#-*&2'V'c8C&"*mƒd'#-*&2n'1)"&'2,2'R#-&")2'0&'2&0'*#0'#-*&2'

.&3&' )0' -&2' .#2&2' ()' 3&()-&2' .&0' 1)"O+-)2' ()' R)-&.+(#()2' #(R)"2&2U' D0' )-' .#2&' ()'

c8C&"*mƒd;' )2' +31&"*#0*)' 0&*#"' 4,)' -&2' 3&()-&2' .&0' 1)"O+-)2' ()' R)-&.+(#()2' #(R)"2&2'

3,)2*"#0' R#-&")2' 3)0&")2' )0' .&31#"#.+/0' #' 3&()-&2' .&0' 1)"O+-)2' ()' R)-&.+(#('

2,1)"+&")2U'D0' )-' .#2&' ()-' ")2*&' ()' 3&()-&2' .&0'1)"O+-)2' ()'R)-&.+(#('2,1)"+&"'cmE>X\g

G>@;' mE>X\gG>]^d;' 2)' 1,)()' 0&*#"' 4,)' -&2' R#-&")2' 1#"#' cK3d;' cF"d' V' c8C&"*mƒd' 2&0'

3)0&")2;'V')2'+0*)")2#0*)'R)"'-&2'1)"O+-)2'()'R)-&.+(#('()')2*&2'3&()-&2;'1&"4,)'2&0'-&2'

1)"O+-)2'.&0'3#V&")2'R)-&.+(#()2'()'*&(&2'-&2'3&()-&2U'

'

D2')0*&0.)2'.,#0(&'2)'1,)()'0&*#"'-#'+0O-,)0.+#'()'-#2')2*",.*,"#2'LF8U'H-'T#.)"',2&'()'

1)"O+-)2'#)"&(+093+.&2;')2*#2')2*",.*,"#2'*,"$,-)0*#2'2)'#7-&3)"#0')0'W&0#2'.)".#0#2'#'

-#' 1#")(' 1#"#' .")#"' ,0#' W&0#' ()' #-*#' *,"$,-)0.+#' c8C&"*mƒd' 4,)' O,0.+&0#' .&3&'
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3).#0+23&' ()' *"#02O)")0.+#'()' 3&3)0*&'#'W&0#2' .)".#0#2'#-' .)0*"&' ()-' (,.*&U'D0' -&2'
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GC)-mƒ'|7"#(&2}' g' g' g'
8C&"*mƒ'|3q2}' >;X?\' ?;=jX?' ?;<>@<'

/8A18!NSYaP!E)2,-*#(&2'1"&3)(+&'1#"#'3&()-&'()'")O)")0.+#'c*,$&'--#0&d' '



77 
 

 

ANEXO	C:	FIGURAS	DE	LOS	PERFILES	AERODINÁMICOS	
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