
!

!!

"

"

!

!#

#

"$%!!

$

#

%

!#&!!!'!("$%!!#!#P*#(GP%(

"

&

"

'

"

(

"

)

"

*

"

+

"

,

"B&).B)0)BN.J=JLG6.H ?.L&.))<&.L

"

QJ=<!!"IJ<!#"WK.)$%!!

!

"$%!!""B&<0)BN<?.L.L<

áâª«

ÙÚtÛ#.¸Ü�/{|

Þ

"

ß

"

X`'3~�+,'3

$

X`

&!+%%%#

1

"

2

"

56Zé�'+34£]

%

À+

%

é��1

%

5lh�l;<

!

6L�FÉ7vw+BeL¹82]XYZvwÒ

�

!

�ÐZvw9:Å2]

!

�j;<3=' +9>%&Îz��?=' +9>%&

!

�Fé;<XYZ�*ÿV

$

ú

û½¾

!

@ABCé

!

vw9:Å2]Cé

!

9>wxC1

$

ÿVúûDÜ�*aµ+úû

$

345

"

9>wx

""

9:Å2]

""

<3é�

#6"789

"MI%!!3*!""""

:;<Z>

"+

$%!!

$

*

%

!%

=>?

ABCD

&

Y

"

Z

"!+&'!#$

õ

$

�-X`�

$

Ï�

$

IJ

$

:;�

Å

&

ëô���

(

[ê3á��

'

""

"Ñmzm0ëPÙN+

$

À°?0ë]$

(

ëÈÇÒ$Y=>�½¿

$

�À³6À�"Ñ�ñ

YÙN

'

m4,den

$

AW

(

=>rïãÃÀ�

�`XY��£Z[

$

��zm"ÑÙN÷\äh

NOPIJò¹YNO

'

$%

ÙÚtÛ#��¸Ü�/.V�7B

÷ö�îïYxÈ

)!*

&

I

B

!#

+

"8.@80#$X

$

@"

,#

B

$

26

*

# "!#

È

"!#

P�0ëÖ×0qYîß� +

(8.@80(

#

(2

�

B

$

$

]Ídh0ëY=>rï

(

1¿ñ·X

(

±X

(

A

W�ã�÷´ß

'B

$

@r^gï

$

´µöö�èõ�

wîïÜ�]�

'

�È

"!#

\�H

$

+

(8.@80"

^

_YÎhO�

8.@80

Y?dC

$

�^

"8.@80

@r^

hC

#

�0

$

÷ö�îï�0

$

÷\äh�§

%

I%

$

#

(2

�0

$

÷ö�îï��

$

÷\äh��

'

QR0ë

�@�ZÃàY]3DE

$

��0ë3'XY'

1

$

0ëY=>rï

$

1¿ñ

(

ë�

(

AW

(

±X

(

¯

XãÃÀ7K��

$

�[m4,0ëÙNP

$

÷ö

�îïmZ[Y`X�ÀtZ[YC

'

^³]��

aîï�`XY��de

$

´µ]Íuv³nÌY

=>rï{|

(

AW{|

(

0ë�§{|

(

¯X{

|

$

¦dbc�a{|d=>rï

(

AW

(

�§

(

¯

Xã�AWY��Ü�³»¼

'

[+

$

´µÁÚ

nY»¼öËR"Ñmd�3PYÙN

$

�£0ë

3'X�oà�

%

%

N 8!% PC'

$3$%

ÝÞM¢&'

QR�tF?éÕY0qñl

$

´µ7j³~

éþ^0ëÑ'{È

$

0ëë�=>rï�0ë'

XY��qr��à�

)$*

&

+

"N# !

+

%

/̂E"#

+

!

N#% %

%

N 8!$ PC "$#

""""

+

"N# !

+

Y

%

% !$

%

N 8'% PC "*#

"""""

+

"N# !%% N 7'% PC "G#

ÈP

$N

^0ë'X

$

+

%

^çÌ=>rï

%

+

!

^=>

rïs�ñ

%

+

Y

%

!

+

%

/̂E" #!$

+

!

#'

´µ� +

%

!

#3( V!%

#(

C

#!

$

+

!

!(3% V!%

#G

C

#!

$

`

!

uH³d�

30ëP

$

=>rï�`XY��de

'

�`P\

�H

$

m0ë'X�R

%!* PC

+

$

=>rïn:

²4

$

�0ë'XÜ@A'1+

$

=>rïYn:

�X�Z

$

�0ë'Xê?

+ PC

+

$

)!*

=>rïD

E²�

$

ÀÅR«

'



0 2 4 6 8 10 12
0.000 00

0.000 03

0.000 06

/m
1

X/km

`

!"

=>rï�`XY��

0 2 4 6 8 10 12
0

2

4

6

8

10

12

14

v/(
km

s1  
)

h/km

`

$"

AW�`XY

$3&%

ãä12

Áij~éþ^0ë{È

$

0ëPY^ÃA

W^

&

2

F!

!!3% ,N% %

%

N 8!$ PC "(#

2

F!

!!+3% #%3(N% !$

%

N 8$& PC "##

2

F!

!!3% ,"G3(@&*#"!%%3% #N#% $&

%

N 8!%% PC

"&#

ÈP

$2

F!

!2

F

@2

F%

$2

F%

^çÌ^ÃAW

%N

^0ë'

X

'

`

$

uH³d�30ëP

$

AW�0ë'XY�

�de

'

�`P\�H

$

md�30ëP

$

AW�

�0ë'XY'1£ô�'1

'

)$*

$3'%

�åËæ12

bcçÛ

)**

Y\]

$

4!4

%

0

%

#

$

#!

$

M

-

LN

0

[ ]
%

$

$

#!

"'#

È

"'#

P

$N

�0ë'X

$4

%

�

N !%

�

$

NçÌR�

Y0ë�

$

-

!$+ 5+C34

#!

^2ëY])Eß

$ L

�

6�1WX

$M!'3*!G >+U

T!

+C34

T!

�÷�ë�g

ï

$0

%

�çÌR�Y0ë¯X

'

`

*

uH³0ë�§

�0ë'XY��de

$

�`P\�H

$

��0

ë'XY'1

$

0ë�§¶Z��

$

�0ë'X?

ê

!% PC

Yç�+

$

0ë�§��?çÌR��§

Y

!@*

Zl

'

$3@%

çè12

0ë¯X�`XY��xÈ^

&

0"N# !0

%

##3%N@! %%% "+#

N

^0ë'X

$

~W�

C'

`

G

uH³¯X�0

ë'XY��de

'

�`

G

P\�H

$

��0ë'

XY'1

$

¯Xªô�Þ�

$

�0ë'X?ê

!% PC

Yç�+

$

¯XDE:Ê²_

$

*çÌ¯X0t

#%

D

Zl

'

0 2 4 6 8 10 12

20 000

40 000

60 000

80 000

100 000

P/
Pa

h/km

`

*"

�§�`XY��

/K

h/km

`

G"

¯X�`XY��

((#*!#

# Y

"

Z

&

4,0ëPY÷\äh:;

"



&%

ÙÚß`¸Ü�/.à´

&3$%

é�êëè

`

(

uH³"Ñ#£Y4,ÙNÿC`

$Z+

é

ÿÑÙN�Å

$JF

^^çÌ

$

.̂ êµ�

'

QR4

,den

$

=>rï+

(

1¿ñ·X

8.@80(

0ë±X

#

(

AW

2

À��0ë'X7K��

$

È

"!#

<ÿY÷

ö�îï�À��0ë'X7K��

'

´µY�o

^½�

&

j@wãä÷ö�îï

I

)RR

$

Ë��4,d

enY÷\äh

'

O x

y A

v

h

θ�

`

("

4,ÙNÿC`

d�3PYçè0ë1¿ñ{|\éÿ^

&

. #! !&&3#"! ,&3($ V!%

#*

*

#$

#

4( )
0

!%

#'

"!%#

È

"!#

P

$

*�"

C

^~WYÑ##5

$0

�0ë¯

X

"D#$4

�0ë�§

"46#'

±È

"'#

ZvÈ

"!%#

Ê?

&

. #! !&&3#"! ,&3($ V!%

#*

*

#$

# V

4

%

0

%

#

$

#!

$

M

/

LN

0

[ ]
%

$

$

#!







@0!%

#'

"!!#

È

"!#

½n[+d

0

> \ÊH

&

8.

80

!#&&3#"! ,&3($ V!%

#*

*

#$

# V

4

%

"

0

%

#

$

#!

$

M

/

LN

0

%

#

$

$

#!

@0

[ ]$

!%

#'

"!$#

[È

"+#

ZvÈ

"!$#

t

&

8.

80

!#&&3#"! ,&3($ V!%

#*

*

#$

# V

4

%

0

%

#

$

#!

$

M

/

LN

0









%

$

$

#!

@"0

%

##3%N@!%%%#

$

+!%

#'

"!*#

�¡�1¿ñ·XYMfà_xÈ

'

&3&%

ìí¸îïðñ$

[ÙN¸Ð<E�Y0ë'X

N

]^ãí

$

@

í5X^ &

N$

N

&

&

N !N@E "!G#

j@@3�YdhîïC0

&

«O3'X&

N$

[Ê?YC

E

wC01Ý

$

7�Y0ë'X

N$

¡

�OîïY1`^ÃC

$

N

&

0

!

-

E

&!!

0

&

&

N

N

"!(#

$3*3!"

àáâã=)*

7jÈ

"!(#

Y1`^ÃxÈ

$

4,ÙNden

Y=>rï\ãä^

&

+

/__

!

-

E

&!!

+

".

&

N#

&

N

N

"!##

[È

"$#

ZvÈ

"!##

t

&

+

/__

!

-

E

&!!

+

%

/̂E"#

+

!

.

&

N#

&

N

N

"!&#

$3$3$"

ä@=)*

[AW]?^ºÖÙN�Å�^�ÙN�Å

½w]ß

$

èP

$

^�ÙN�ÅYAWdÑãEß

À�²�

$

��´µööò¹ºÖÙN�ÅYA

W

'

bcÈ

"!(#$

4,ÙNnYãäAW^

&

2

/__

!

-

E

&!!

2

&

&

N

N

B.0"

.

# "!'#

[È

"+#

ZvÈ

"!'#$

\Ê?

&

2

/__

!

-

I

&!!

"!3% ,.

&

N@!%%%#

&

N

N

B.0"

.

# "!+#

#(#*

&

"

'

"

(

"

)

"

*

"

+

"

,

!!

"



$3$3*"

å�¯æA=)*

bcÈ

"!(#$

4,ÙNnYãä1¿ñ·

X^

&

8.

8

( )
0

/__

!

-

E

&!!

#&&3#"! ,&3($ V!%

#*

*

#$

# V

4

%

0

%

#

$

#!

$

M

/

L.

&

N

0









%

$

$

#!

@"0

%

##3%&

&

N@!%%%#[ ]{ $

V

!%

# }'

&

N@N "$%#

bcÈ

"!#(

È

"!&#(

È

"!+#(

È

"$%#$

ãä÷

ö�îï\a7

&

I

/__

!#

+

/__

"8.@80#

/__

+$X

$

@"

-#

B

$

2

/__

6

*

# "$!#

p£¨

JX

¿Ù]Ñ§]©éêÈ

)G*

7^

&

%

$

"F$G$X# !%

%

)

#

+

/__

X

/̂E)#"F

$

,G

$

#@6

$

*/̂E h

"

"

B

X

$

6

#$

1

%

"F$G#L

!

"

+

/__

X## !

%

%

)

#

+

/__

X

/̂E)#"F

$

,G

$

#@6

$

* V

/̂E)#I

/__

1

%

"F$G#L

!

"

+

/__

X#* "$$#

�¡�ÆÇ4,den÷\ähYéêÈ

'

'%

¡@7B

^³:;÷ö�îï�êµ�Y��qr

$

´

µ7jqrÈ

X!N@-3B

.

$

pÈ

"$!#

7^

&

I

/__

!#

+

/__

"8.@80#

/__

+$N

$

@"

,#

B

$

2

/__

6

*

-3B

$

.

#

"$*#

7jÈ

"$*#

ÆÇ³�ñ]Í^

$% PI((% PI

d

en

$

ö�îï�êµ�Y��hÛ

$

a`

#"6#"[#

<ÿ

'

�`

#

P\�H

$

��êµ�Y'0

$

ö�

îïL�%'0

%

mèõûü0[den

$

0Y7

¿�ñdh0Yö�îï

%

���¼;#�0��

Y

$

Q�ºi³´µoÌd4,denY���(

���Y

'

7jÈ

"$$#

ËÆÇ4,denY÷\NO

'

`

&"7#("Y#("-#("8#

]ÍuH³�ñ

$$!$% PW

Ù

N`X

N !( PC$

êµ� .]ÍãR

%(

-

S#(

-

SG(

-

S*

+

$

"Ñm0ëP4,ÙNY÷\ähYÆÇ

\]

'

�`P\�H

$

�êµ�^«+

"

o�Ù

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0

2

4 (a) p=20 kW

/

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0
2
4
6
8

10
12
14

(b) p=50 kW

/

`

#"

ö�îï��ñY��

N

#$

÷\äh²�

$

��êµ�Y'0

$

ÑãYö

�'0

$

÷\äh�§

'

���^m0ë'X@Ú

+

$

��êµ�Y'0

$

ÙN)J'1

$

£AWY1

`Cm��

$

�½�deÃt7R÷ö�îïY'

0

$

[Ê÷\äh'§

'

0.0 0.2 0.4 0.6
0.6
0.4
0.2
0.0
0.2
0.4
0.6

(a)

 

Y/
m

X/m
0.0 0.2 0.4 0.6

0.0
0.2
0.4
0.6

(b)

Y/
m

X/m

0.6 0.4 0.2 0.0 0.2 0.4 0.6

0.0
0.2
0.4
0.6

(c)

 

Y/
m

X/m
0.0 0.2 0.4 0.6

0.0
0.2
0.4
0.6

(d)

 

Y/
m

X/m

0.6
0.4
0.2

0.6
0.4
0.2

0.6
0.4
0.2

0.6 0.4 0.2

0.6 0.4 0.20.6 0.4 0.2

`

&"

�ñ^

$% PW

+4,ÙN÷\ähY��hÛ

`

'"7#( "Y#( "-#( "8#

PuH³�ñ

$!

&(#*!#

# Y

"

Z

&

4,0ëPY÷\äh:;

"



(% PW$

ÙN`X

N !( PC$

êµ� .]ÍãR

%(

-

S#(

-

SG(

-

S*

+YÆÇ\]

'

�`

'

P\ÊH�

`

&

[fY\¼

$

s�

$

QR�ñY'0£ �÷ö

�îïY'0

$

÷\äh�§£D

'

0.6 0.4 0.2 0.0 0.2 0.4 0.6
0.6
0.4
0.2
0.0
0.2
0.4
0.6

(a)

 

Y/
m

X/m
0.0 0.2 0.4 0.6

0.0
0.2
0.4
0.6

(b)

Y/
m

X/m

0.0 0.2 0.4 0.6

0.0
0.2
0.4
0.6

(c)

 

Y/
m

X/m
0.0 0.2 0.4

0.0
0.2
0.4
0.6

(d)

Y/
m

X/m

0.6
0.4
0.2

0.6
0.4
0.2

0.6
0.4
0.2

0.6 0.4 0.2

0.6 0.4 0.2 0.4 0.2

`

'"

�ñ^

(% PW

+4,ÙN÷\ähY��hÛ

@%

Cáâ

oçFGD`³0ëPY=>rï

(

AW

(

0

ë�§

(

±X�¯X{|

$

KÝ7j1`ãäY�

(do�îïÜ�³ãä��

'

[ãä��ÝY

îïZv÷ö�îïxÈ

$

Ê?³ãä÷ö�î

ï

'

Mf[4,denY÷\NO��^^d

enY÷\NO

$

MÝÜ�³�¼ÆÇ

$

ÆÇ\]

éÏ

&

�êµ�^«+

"

o�ÙN

#$

÷\äh²�

'

��êµ�Y'0

$

ÑãYö��0

$

÷\äh�

§

'

�@��¼;#Y\]

'

=

"

C

"

"

"

D

!"

ðV´

3

§"Ñ0ëÙNºx÷\ähY:;

3

-4

&

-4�$

&(0'

$ $%%+$!(!!#

$"

s7P

3

0ë¯X�`X��ñYb 

3

�Û&('3'h

$

$%%&%*("$#& G(

*"

ð)Ï

$

ocd

3

0ë�§*`XYqr

3

k''e

$!++&%

"$#& &*

G"A.44.30 @$ m?.00/J,M12/:C74Y433C.05-74-?47D.30 I.D2 70746D.-74

8.__:7-D.30 7EE:3̂.C7D/8 /̂E:/BB.30BM>N7D2 @26B$ !+'!%$$ "G #&

'+&!+%&

!/14> ,E/)*()*;D65N5,,D0-G JEE*:/,-!56-/"6/)8/D,.)9)*;*

>]b70

",-23343_90/:56905.0//:.05$b?4.0 F0.[/:B.D6$b?4.0 &!+%%%$ @MVMO2.07#

)8<./;6:/*"12/C38/43_7YB3:YD.30 -3/__.-./0D$ I.08 BE//8$ E:/BB?:/708 D/CE/:7D?:/3_7DC3BE2/:/I/:/.0D:3)

8?-/8$ D2/I/.52D/8 /K?.[74/0DC/D238 I7B783ED/8 D38/74I.D2 D2/7Y3[/C/0D.30/8 E7:7C/D/:B$ B3D27DD2/D2/:)

C74Y433C.05/__/-D30 B470DE7D2 D:70BC.BB.30 I7BD:70B_/:8 D323:.J30 D:70B_/:E:3Y4/CMW.D2 D2.B/K?.[74/0DC38)

/4$ D2/3:/D.-74-74-?47D.30B7:/-7::./8 3?D$ D2/:/B?4DBB23ID27DD2/47:5/:D27D3_J/0.D2 7054/$ D2/5:/7D/:D27D3_

/K?.[74/0DD2/:C748.BD3:D.30 E7:7C/D/:$ I2.-2 4/78 D3BD:305/:D2/:C74Y433C.05/__/-DM]0 7--3:870-/I.D2 D2/D2/)

3:/D.-74:/B?4DB.D.B/̂E/-D/8M

)=*> ?,;4.*"D2/:C74Y433C.05""D2/:C748.BD3:D.30 E7:7C/D/:""B470DE7D2 7DC3B2E2/:/

'(#*

&

"

'

"

(

"

)

"

*

"

+

"

,

!!

"


