folofc j¥a-loaw}

DR™pFlcuk™ ghpbgd ng ™ ph, Fde»gofd \/drRdk e»o chd
R~ gevdhia™ phdofd TRFo™ pbg~RR,Cqobgsapp § dppakF

Zw¥ {t WD a {|{0

b{~02~£ [y0 i {¥210 ¢
\O {26 y~IWE{ W¥Z{ElKY ~{62 &« [Cw¥I{Adye¥x{e}

HNDF IDHFHH ** [etw¥3{¥

EE Fgﬁy-umersnat MDetIeE\ !;-I L




Z-oy~[i-23 1Yoy 8§61 p{ «

b{x{¥a «{f ¥z-20 {

s

£50 ¥ fo4 £ {2y {E@Uy -}

Lehrstuhl fur Sensofik
E ehrstuhl fir Sensor

Z0Wd a {|{6 »\Wk? KRy ~wiliZ -0y ~|i-Pam{2a-¥} HNDF IDHFHH GEHM




Z-oy~[i-23 1Yoy 8§61 p{ «

W B{ ey~ {zt y~{6 c{2280 ¥+ § {¥
m{iC w~6{a-oewe? 0 0 cz) kizZ®

=
(=]
T
|

cwitw¥{ £ ¥ [
=
O
T
|

PRy 0} 122 x{ 5@y ¥} S

Lehrstuhl fiir Sensoriks

6 W~ {a-cAwctP 91 {0 1¥ [yO HFHHD cwotaw¥e HP iy~&at-¥} o “w~0 HFGK {¥@86{y~{¥z <D W b Y{ed ) [¥{0} {{|| £ {¥{
519 \{tz{e£{-3-¥F [y0 z { owhe{c 3y~ ¥z ~{ Z-By~[i-am{3a-¥}"D Z 2 {Cane 1Y) [0 \Wk [Cand{40lyeix{CHD Cett HFHFD
Z0Wo a {|{6 >\Wk? KEQWAY~WillZ -0y~ |i~"ar {28} HNDF 10HFHH GEHM




\-¥C« [¥280 ¥+ § Z{0 KkiOway~WHZ-0y~|i-3a{33-¥}

___mS mi 0 iy~witd{ay~® ¥z Je{ « O, =¥z \t {pH3y~® ¥z }¢{ « O
- Og {OH{x{¥ z { iew~E3{y~® ¥z }¢{ « O
e — 3 —
=21 Vit . [t-eRux @0 [i~aau-|@ee?
K(flwz Oy Oy 0,
Og > o

Lehrstuhl fiir Sensoriks

{2 {¥ {6 bw-|+{ @ ||{e{¥+ 00 P [(-*2w-|®20e " [(-22wx®eb@ |

B

Z0WD a {|{6 »\Wk? KRy ~wiliZ -0y ~|i-Pam{2a-¥} HNDF IDHFHH HEHM




\-¥C« [¥280 ¥+ § Z{0 KkiOway~WHZ-0y~|i-3a{33-¥}

___mS mi 0 iy~witd{ay~® ¥z Je{ « O, =¥z \t {pH3y~® ¥z }¢{ « O
- Oy {OH{x{¥ z { iew~E3{y~® ¥z }¢{ « O
e — 3 —
B o 1S Ot , |i-PRWX @0 [E-Pow-| @0
Kiflwz Oy Og Oy
—— —>
05 > 0,
mG mH
== 0, 0o 0o 0 U¥z{e-¥} z{o
5 e 0O W-ax0{ ~¥}30 y~-¥}
2 , h O 1{ey~® ¥z }¢{ « 0]
= 1fjwz o
?
&
= c{?{¥ z{0 bw-|+{  ||[{6{¥+ D0 P [i-Pow-|@&0@ ™ [--Pewx@®e0@ |
(513

Z0WD a {|{6 »\Wk? KRy ~wiliZ by ~|i-Pan{2a-¥} HNDF IDHFHH HEHM



k¥«{©a—|y~(({ W—Ialy~©_'¥}
i c{Pa{¥-{« [T 1o H{Edwy~{ £{P

I 0 o : Z~two
| o » [16{ ¥ Z0-ye-{ei-2«
Y O Jwew¥e {8« z y~«

ow¥a_ {63 0] +{aa-¥{oxo{y~-¥}

Lehrstuhl fur Sensorik!

B

HNDF IDHFHH 1EHM

Z0Wo a {|{¢ >\WK? KEQWAY~WillZ -0y~ |i~"am {28}



k¥{ 02—y ~«{ W—|a|y~©—|¥}

i c{a{¥~{« iE[

1} O«{ tH{Edwy~«{ £{P

| 3 o : Z-tw0
| \\&\ » 16 ¥ Ze-y - {6t
Y O Jwew¥e {8« z y~«

O oM EXE{y~¥}

Owa-{Cawt
["{©W-'a| 10z{6-¥}P ] [ c{y-w¥ ¢ z{0 h!~0@w¥z ] [ j{e8{ow—0 ]
-
@
3
g
ISE

1EHM

Z0Wh a {|{6 »\Wk? KRy ~wiliZ -0y ~|i-Pam{2a-¥} HNDF IDHFHH



k¥«{©a—|y~(({ W—Ialy~©_'¥}
i c{Pa{¥-{« [T 1o H{Edwy~{ £{P

| 3 o : Z-tw0
| \,5\ » 16 ¥ Ze-y - {6t
Y O Jwew¥e {8« z y~«

Ol {e-{ixely~—¥}

Owa-{Cawt
[~ow-2] Jez{e-¥3 | [ c{y-w¥ ¢ z{6 h}~c@w¥z J (B i{=8{ow¢ ]
— yxey-{owrewap | [{x{e{ m{E{¥ \[c®
O ¥wee-0we O w-|®e¥z }
@
g
[E1]  \¥{ [{e{n c{~iz{

ZDWD a {|{6 »\Wk? Ke@wly~wif[Z -0y ~[i-*2a{aa-¥} HNDF 1DHFHH 1EHM




k¥« {0y~ W-2|y~0-¥}

A aaf y-rq i
i, ettt 1] el 116 H{ECwy~<{ i{?
DQ:Z—!£W©

16 ¥ Z0-ye-{et-2«
[ Fwow¥e {C« z y~«

Y
Ol {e-{ixely~—¥}

w Wi wR-{CRwE
["{©W-'a| 10z{0-¥}P ] [ c{y-w¥ ¢ z{0 h!~0@w¥z ] [ J{=8{w0 ]
— ypxay-{o wrewap | e miE{¥ \[c®
- O ¥wee-twe O w-|®e¥z }
()
;;j [bzaﬂ¥}aw¥aw«ip ] [4®-6] w¥-w¥z K F»ofbgdo Adssd,
= FkF z{& h!~e@wW¥z >}{|y~8{ m{E{¥
5
ISERRENTR G RSO

HNDF 1DHFHH 1EHM

Z0Wh a {|{6 »\Wk? KRy ~witiZ by ~|i-Pam{2a-¥}



k¥« {0y~ W-2|y~0-¥}

A aaf y-rq i
i, ettt 1] el 116 H{ECwy~<{ i{?
DQ:Z—!)EW@

16 ¥ Z0-ye-{et-2«
[ Fwow¥e {C« z y~«

Y
Ol {e-{ixely~—¥}

w Wi wR-{CRwE
[~ow-2] Jez{e-¥3 | [l c{y-w¥ ¢ z{6 h}~c@w¥z J (B i{=8{ow¢ ]

— yxey-{owrewa | [{x{e{ m{E{¥ \[c® o{aafy -¥z ¢l ag{y¥a {0{¥

) O ¥wee-0we O w-|®&¥z } O +-2&H y~{0 W-|®w¥z

(©5)

;;j [bzaﬂ¥}aw¥aw«ip ] [4®-6] w¥-w¥z K F»ofbgdo Adssd,

£ Fak T z{0 h!~0@w¥z >}{|y~0{ m{E{¥

5
ISERRENTR G RSO

1EHM

Z0Wh a {|{6 »\Wk? KRy ~witiZ by ~|i-Pam{2a-¥} HNDF IDHFHH



k¥« {0y~ W-2|y~0-¥}

A aaf y-rq i
i, ettt 1] el 116 H{ECwy~<{ i{?
DQ:Z—!)EW@

16 ¥ Z0-ye-{et-2«
[ Fwow¥e {C« z y~«

Y
Tl Pl XEy ¥

w Wi wR-{CRwE
["{©W-'a| 10z{0-¥}P ] [ c{y-w¥ ¢ z{0 h!~0@w¥z ] [ J{=8{w0 ]

x {yxf y~{0 W¥awp } e myee{¥ \[c® ofaafy -¥z ¢! a§{¥a {o{¥
2 O ¥wee-owe O w-|®&¥z } O -2t y~{0 W-|®w¥z

-

;g [bzaﬂ¥}aw¥aw«ip ] [4®-0] w¥~w¥z k™ i»ofibgdo Adsd, J{o8{w-0 x{ [X®-0|

z TgkF z{0 h}~0@w¥z >}{|y~0{ m{it{¥? {¥x{t {~{¥

5
ISERRENTR G RSO

1EHM

Z0Wh a {|{6 »\Wk? KRy ~witiZ by ~|i-Pam{2a-¥} HNDF IDHFHH



k¥(({©a—|y~(({ W_‘aly~©_|¥}
[_,L ca ¥{« _»LJ [E] 10 t{Edwy~{ i{P

[} z-twl
16 ¥ Z0-ye-{et-2«
0 Jwow¥e {0« z y~¢

Y
[ F0 8 {2 {Ox0{y~-¥}

W WE ©w¥a-{0PwE
["{©W-'a| 10z{0-¥}P ] [ c{y-w¥ ¢ z{0 h!~0@w¥z ] [ J{=8{w0 ]

= [yxf y~{0 W¥awp } e myee{¥ \[c® ofaafy -¥z ¢! a§{¥a {o{¥
) O ¥wee-0we O w-|®e¥z } O +-2&H y~{0 W-|®w¥z

[©)

;g [bzaﬂ¥}aw¥aw«ip ] [4®-0] w¥~w¥z k™ i»ofibgdo Adsd, J{o8{w-0 x{ [X®-0|

z TgkF z{0 h}~0@w¥z >}{|y~0{ m{it{¥? {¥x{t {~{¥

3 O clz{E {6-¥F |V6 - 'e}{2y~iw{¥{ W-R|y~6-¥} )
ISE

1EHM

Z0WD a {|{6 »\Wk? KRy ~wiliZ by ~|i-Pan{2a-¥} HNDF IDHFHH



ax{oxty¢

[ ¥{ ¥}

c{y~-w¥ ¢ z{0 h]~0®w¥z

O \ {p{¥z{® c{z & ¥z j{a8{lw-0

()
£ It z {6} wer FO!F LY
=
3
E
\w «
ISE

ZDWD a {|{6 »\Wk? Ke@wly~wif[Z -0y~ |- {aa-¥} HNDF 1DHFHH JEHM




c{y~w¥ ¢ z{0 h;~0®w¥z

&
aft hi-0@wW¥z —,

~

N\ A
. m{££{ \i-z

{6®y¥y~«

U yxty~-{a clz{i

5 0 aweef B{o{ ¥|wy~-¥}
2 0 - Lo \SEL ¥ y~ wxx £zxwo
5 >H0XD h{a 1 ¥w¥+?
5 1 ay-@wy~{ jowy¥ea 2a 1y
®
E
ISE

HNDF IDHFHH KEHM

Z0Wo a {|{¢ >\WK? KEQWAY~WillZ -0y~ |i~2ar {28}



c{y~w¥ ¢ z{0 h;~0®w¥z

\é '&& bi¥} -z ¥uil -¥z
a{t hi~e@w¥z —, [ i ey

=
Q\ 1eStat
" m{EE{ \f= 7 .
{0®y¥ay~ W@ey~f y~
o~ 0 yxty~{2 ctz{# 0 Fde»gofd \didk
5 0 awoed 1{e{ ¥lwy~-¥} 0 h{ar¥w¥+{¥ z{0 h! ~0@w¥z
(%CY O - {6 \eft{ ¥ y~« wxx £zxwo 0 awoe{ jowyam aa 1y
s >+IXD h{a ! ¥w¥?
£ 0 ay~@wy~{ jowy¥en aa 1y Hi ENRFdkcdk?
E XA £ C § 2{E {0-¥} J
ISE

Z0WD a {|{6 S\Wk? KRy ~wiliZ -0y ~|i-Pam{2a-¥} HNDF IDHFHH KEHM




bwex®LELE T {[Y~6d MEELY ¥ £ ¥40 (64 {¥ Fiwe{
22 HIy-6{ m{EE{ Frwa{ ID

F’ ——— 0
DD

g-{02y~¥ « z-0y~ Fiwe{

0 ~we 1¥ ay~ {68 {x{¥{6 m{ELew¥awet |ye
z { Sdmtbgdkrdopbghdaqk P

00000000 O 0000 0Pab0000

nik:

= 00 0P \e{ {8 0P myi{¥w~

g U [ F{¥®{06«80 ) xt{= |yo 00008 0P

g Chpmdoph I k

% Op O 0,000 ¥y~ ¥{wo J
ISE

Z0Wh a {|{6 »\Wk? KRy ~wiliZ -ty ~|i-Pan{2a-¥} HNDF IDHFHH

LEHM































































































































































	Einleitung
	Mechanik der Rohrwand
	Fließendes Medium und Temperatur
	Validierung am Prototypen
	Fazit
	Anhang
	Appendix


	anm6: 
	6.39: 
	6.38: 
	6.37: 
	6.36: 
	6.35: 
	6.34: 
	6.33: 
	6.32: 
	6.31: 
	6.30: 
	6.29: 
	6.28: 
	6.27: 
	6.26: 
	6.25: 
	6.24: 
	6.23: 
	6.22: 
	6.21: 
	6.20: 
	6.19: 
	6.18: 
	6.17: 
	6.16: 
	6.15: 
	6.14: 
	6.13: 
	6.12: 
	6.11: 
	6.10: 
	6.9: 
	6.8: 
	6.7: 
	6.6: 
	6.5: 
	6.4: 
	6.3: 
	6.2: 
	6.1: 
	6.0: 
	anm5: 
	5.39: 
	5.38: 
	5.37: 
	5.36: 
	5.35: 
	5.34: 
	5.33: 
	5.32: 
	5.31: 
	5.30: 
	5.29: 
	5.28: 
	5.27: 
	5.26: 
	5.25: 
	5.24: 
	5.23: 
	5.22: 
	5.21: 
	5.20: 
	5.19: 
	5.18: 
	5.17: 
	5.16: 
	5.15: 
	5.14: 
	5.13: 
	5.12: 
	5.11: 
	5.10: 
	5.9: 
	5.8: 
	5.7: 
	5.6: 
	5.5: 
	5.4: 
	5.3: 
	5.2: 
	5.1: 
	5.0: 
	anm4: 
	4.59: 
	4.58: 
	4.57: 
	4.56: 
	4.55: 
	4.54: 
	4.53: 
	4.52: 
	4.51: 
	4.50: 
	4.49: 
	4.48: 
	4.47: 
	4.46: 
	4.45: 
	4.44: 
	4.43: 
	4.42: 
	4.41: 
	4.40: 
	4.39: 
	4.38: 
	4.37: 
	4.36: 
	4.35: 
	4.34: 
	4.33: 
	4.32: 
	4.31: 
	4.30: 
	4.29: 
	4.28: 
	4.27: 
	4.26: 
	4.25: 
	4.24: 
	4.23: 
	4.22: 
	4.21: 
	4.20: 
	4.19: 
	4.18: 
	4.17: 
	4.16: 
	4.15: 
	4.14: 
	4.13: 
	4.12: 
	4.11: 
	4.10: 
	4.9: 
	4.8: 
	4.7: 
	4.6: 
	4.5: 
	4.4: 
	4.3: 
	4.2: 
	4.1: 
	4.0: 
	anm3: 
	3.45: 
	3.44: 
	3.43: 
	3.42: 
	3.41: 
	3.40: 
	3.39: 
	3.38: 
	3.37: 
	3.36: 
	3.35: 
	3.34: 
	3.33: 
	3.32: 
	3.31: 
	3.30: 
	3.29: 
	3.28: 
	3.27: 
	3.26: 
	3.25: 
	3.24: 
	3.23: 
	3.22: 
	3.21: 
	3.20: 
	3.19: 
	3.18: 
	3.17: 
	3.16: 
	3.15: 
	3.14: 
	3.13: 
	3.12: 
	3.11: 
	3.10: 
	3.9: 
	3.8: 
	3.7: 
	3.6: 
	3.5: 
	3.4: 
	3.3: 
	3.2: 
	3.1: 
	3.0: 
	anm2: 
	2.0: 
	anm1: 
	1.59: 
	1.58: 
	1.57: 
	1.56: 
	1.55: 
	1.54: 
	1.53: 
	1.52: 
	1.51: 
	1.50: 
	1.49: 
	1.48: 
	1.47: 
	1.46: 
	1.45: 
	1.44: 
	1.43: 
	1.42: 
	1.41: 
	1.40: 
	1.39: 
	1.38: 
	1.37: 
	1.36: 
	1.35: 
	1.34: 
	1.33: 
	1.32: 
	1.31: 
	1.30: 
	1.29: 
	1.28: 
	1.27: 
	1.26: 
	1.25: 
	1.24: 
	1.23: 
	1.22: 
	1.21: 
	1.20: 
	1.19: 
	1.18: 
	1.17: 
	1.16: 
	1.15: 
	1.14: 
	1.13: 
	1.12: 
	1.11: 
	1.10: 
	1.9: 
	1.8: 
	1.7: 
	1.6: 
	1.5: 
	1.4: 
	1.3: 
	1.2: 
	1.1: 
	1.0: 
	anm0: 
	0.59: 
	0.58: 
	0.57: 
	0.56: 
	0.55: 
	0.54: 
	0.53: 
	0.52: 
	0.51: 
	0.50: 
	0.49: 
	0.48: 
	0.47: 
	0.46: 
	0.45: 
	0.44: 
	0.43: 
	0.42: 
	0.41: 
	0.40: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


