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1 Zuwendungsempfinger und Berichtsumfang

Zuwendungsempfinger:  Technische Universitit Carolo-Wilhelmina zu Braunschweig
Forderkennzeichen: 20E2121

Vorhabensbeschreibung: Interaktionen zwischen Propellern bei verteilten Antrieben mit einer

Hochauftriebskonfiguration

Laufzeit: Der vorliegende Bericht gibt eine Zusammenfassung der Aktivitdten
im Forschungsprojekt INnPAH im Zeitraum vom 01.01.2023 bis zum
31.12.2025

Verbundpartner: Institut fir Stromungsmechanik, Institut fir Flugantriebe und Stro-

mungsmaschinen

Zuwendungsempfanger und Berichtsumfang



.XU]JGDUVWHOOXQJGHV )RUVFKXQJVYRUKDEHQ'

,P 9RUKDEHQ ,Q3%$+ ZXUGHQ DHURG\QDPLVFKH ,QWHUDNWLRQHQ JZLVFK
HLQHP)O*JHOLQHLQHU +RFKDXIWULHEVNRQILIXUDWLRQI-U$QZHQGXQ.
RQ '3 XQWHUVXFKW 9HUWHLOWH $QWULHEH EHVLW]HQ ]ZDUHLQ HUKHE
XQG GDPLW ]XUS5HGXNWLRQ YRQ (PLVVLRQHQ GLH ]XJUXQGH OLHJHQGF
3URSHOOHU XQG )O+JHO VRZLH )O+JHO XQG 3URSHOOHU VLQG MHGRFK E
JHVFKUIQNW YRUKHUVDJEDU ,Q3$+ VFKOLH%W GLHVH /*FNH LQGHP HV |
HLQHU XPIDQJUHLFKHQ H[SHULPHQWHOOHQ OHVVNDPSDJQH YHUNQ+*SIW

,P=HQWUXP GHV 3BURMHNWY VWDQG HLQH :LQGNDQDOPHVVNDPSDJQH E
.ODSSHQZLQNHO XQG3URSHOOHUSRVLWLRQHQ V\VWHPDWLVFKYDULLHL
XQG .ODSSHQGHVLJQV ][XU6WHLIJHUXQJ GHU 6\VWHPHIILILHQ] JHWHVWH'
PHVVVWHOOHQDP)O*JHO XQG]HLWDXIO|VHQGHU 'UXFNVHQVRULNDQ)O
XQG ORPHQWH DOV DXFK ORNDOHDHURG\QDPLVFKH (ITHNWH KRFKDXIJH (
PXODWLRQHQ YRQ 3aDUDPHWHUYDULDWLRQHQPLW5%$16 OHWKRGHQ ELYV
WHUWHQ KLHUEHL GHQ P|JOLFKHQ SDUDPHWHUUDXP XQG HUODXEWHQ G|
H[SHULPHQWHOOH OHVVWHFKQLN DEJHGHFNW ZDUHQ

'LH (UJHEQLVVH ]HLJHQ GDVV GHU GXUFK GHQ 3URSHOOHUVWUDKO HU]H
PLWGHUHLQJHEUDFKWHQ /HLVWXQJGHV 3URSHOOHUV VWHKW XQG GDV'
VWHLIJHUXQJHQDOVDXFKJU|%HUHHUUHLFKEDUHS$QVWHOOZLQNHO DOV
WH JH]JHLJW ZHUGHQ GDVV JsQVWLJ XQWHU XQG YRU GHP )O+JHO SRVLWL
GHV 3URSHOOHUV I+KUHQ GLHV MHGRFKPLWDHURG\QDPLVFKHQ 1DFKW}
GLH (UJHEQLVVH DEHU GDVV ZHGHU HLQ VSH]JLHOO DXVJHOHJWHU '3 WF
QRFKHLQH GLIIHUHQWLHOO DXVVFKODJEDUH +LQWHUNDQWHQNODSSH ]
leKUHQ

'"HULP 3URMHNW HU]HXJWH H[SHULPHQWHOOH 'DWHQVDW] VWHOOW HLQ't
QLY GLHO9DOLGLHUXQJQXPHULVFKHUOHWKRGHQ XQG GLH]JXN*QIWLJH $

$XIJDEHQVWHOOXQJGHV )RUVFKXQJVYRUKDEHQV

'LH +DXSWDXIJDEH LP 3URMHNW ,Q3%$+ LVW GLH 8QWHUVXFKXQJ DHURG\
UHUHQ HQJ JHNRSSHOWHQ 3URSHOOHUQ XQG HLQHP )O+JHO LQ HLQHU +
GLH,QWHUDNWLRQHQ GHV 3URSHOOHUQDFKODXIVDXIGHQ )0+JHO VRZL
QIKHU FKDUDNWHULVLHUHQ OHWKRGLVFKVROO GD]XHLQ EHUHLWYV H[L\
XP (IITHNWH EHVVHU EHVFKUHLEHQ ]X N|JQQHQ 1XPHULVFKH OHWKRGHQ L
ODWLRQHQ VROOHQ LQVWDWLRQIUH '"HWDLOV JHLJHQ GLH ZHGHU LP ([S
HUIDVVW ZHUGHQ N|QQHQ =LHO GHV 3URMHNWYV LVW ]XVIW]JOLFK GHU (Q
HLQHRSWLPDOH ,QWHUDNWLRQ XP VR GHQ *HVDPWZLUNXQJVJUDG GHV

9RUDXVVHW]XQJHQ XQWHUGHQHQ GDV 9RUKDEHQ GXUFI

'DVO9RUKDEHQ EDXW DXI GHP &0HDQ 6N\ 3URMHNW &,&/23 DXI 'DV YRUK]
J)O*JHO 3URSHOOHU YRUKDQGHQHU ,QVWUXPHQWLHUXQJVRZLHGHVVH(
JHOQXWIW XQG ZHLWHUHQWZLFNHOW ZHUGHQ 'LH GD]X GXUFKJHI*KUWHC
EHQV (UNHQQWQLVVHE]JO LQWHUHVVDQWHU BURSHOOHUSRVLWLRQH(

.XU]GDUVWHOOXQJGHV)RUVFKXQJVYRUKDEHQV



$EELOGXQJ ([SHULPHQWHOOHU ,Q3%$+ $XIEDX

RSWLPDO ]X SODQHQ 1HEHQ GHP H[SHULPHQWHOOHQ $XIEDX ZXUGHQ E
GLHVHP 9RUKDEHQ JHQXW]W XQG ZHLWHUHQWZLFNHOW ZHUGHQ N|QQHQ

30DQXQJXQG $EODXI GHV 9RUKDEHQV
'DVIO9RUKDEHQV XPIDVVW YLHU +DXSWDUEHLWVSDNHWH

$XVOHIXQJIXQG $QDO\WHPLW 1XPHULVFKHQ OHWKRGHQ
([SHULPHQWHOOHU $XIEDX
BURILODHURG\QDPLN PLW 3URSHOOHUHLQIOXVV

'3 TROHUDQWHU 3URSHOOHU

=XQIFKVW VROOHQ GXUFK QXPHULVFKH OHWKRGHQ LQWHUHVVDQWH )IOC
HQWZLFNHOW PLWWHOV GHU GDV DHURG\QDPLVFKH 9HUKDOWHQ YRQ 71
NDQQ (LQ QHX HQWZRUIHQHU 5HIHUHQ]SURSHOOHU VROO LVROLHUW DI
DQDO\WLHUW ZHUGHQ 6NDOHQDXIO|VHQGH K\EULGH 5$16 /(6 6LPXODWL
LQVWDWLRQIUHQ :HFKVHOZLUNXQJHQ JHEHQ 'HU YRUKDQGHQH H[SHUL]
LQVWDWLRQIUH 'UXFNDXIQHKPHU LQ GHQ 3URSHOOHUEOIWWHUQ LQWHJ
B3URSHOOHUEHVVHUEHVFKUHLEHQ]XN|QQHQ 'LH)O*JHOKLQWHUNODSS
GHV 3URSHOOHUV DQJHSDVVW ]X VHLQ 1HEHQ GHU QHX HQWZRUIHQHQ .
ZHUGHQ ZHOFKHUHEHQIDOOVRSWLPDOI*UGLHHQJH,QWHUDNWLRQ DX
VROOHQ DOOHLQWHUHVVDQWHQ 3XQNWHLQ HLQHU OHVVNDPSDJQH DEJ

.XU]GDUVWHOOXQJGHV)RUVFKXQJVYRUKDEHQV



'LVVHQVFKDIWOLFKHU XQG WHFKQLVFKHU 6WDQG DQ GH

'LVVHQVFKDIWOLFK XQG WHFKQLVFK NRQQWH GLUHNW DQ GDV 9RUJIQJF
XQG YHUWHLOWH $QWULHEHHU|IIQHQ QHXH O|JOLFKNHLW KLQVLFKWOLF
VRU XQG )O*JHO I+U QHXH )OXJJHXIJNRQILIXUDWLRQHQ 'LH/LWHUDWXU >
SBRWHQWLDOHLQ VROFKHQ +RFKDXIWULHEVNRQILIXUDWLRQHQ OLHJHQ
QLVVH LQ GLHVHP %HUHLFK ZHQLJ YRUKDQGHQ VLQG ,Q3%$+ VROO GLHV
OHVVWHFKQLN ZHLWHU VEFKOLH%HQ 1HEHQ GHQ EHUHLWV DQJHVSURFKI
OHWKRGHQ DXV &,&/23 EHVLW]W GLH 78%6 GXUFK 3URMHNWH ZLH GDV %
GHQHQ DXFK GLHVHV 9RUKDEHQ DQNQ+*SIHQ NDQQ

=XVDPPHQDUEHLWPLWDQGHUHQ 6WHOOHAQ

'LHVHV (LQJHOYRUKDEHQ GHU 78 %UDXQVFKZHLJ HUIROJW XQWHU GHU %
,60 XQG GHV ,QVWLWXWYV [+U)OXJDQWULHEH XQG 6WU|PXQJVPDVFKLQH
(ISHUWLVH GHU MHZHLOLJHQ ,QVWLWXWH :IKUHQG GDV ,60 GHQ JRNXV O
GHU 3URSXOVRU LP 9RUGHUJUXQG ,Q ,Q3%+ LVW GXUFK GLH ,QWHUDNWL
GHU JHVDPWH $XIEDX GHU 6FKZHUSXQNW VRGDVV EHLGH 6WHOOHQ ,KU
DQGHUHQ YHUJDQJHQHQ RGHU ODXIHQGHQ 3URMHNWHQ ZHUGHQ JHQXW
XQG $LUEXV %UHPHQ GLH (UJHEQLVVH XQG (UNHQQWQLVVH GHV 9RUKD

(LQJHKHQGH 'DUVWHOOXQJ

$3 S$XVOHIXQJI XQG $QDO\VWHPLW IXPHULVFKHQ OHWKRC

OHWKRGHQDXIEDX $QDO\VH 3URS :LQJ

'"HU XQWHUVXFKWH )O+JHO LVW HLQ OHKUHOHPHQWSUR¢tL=0860Lih HLQHU )
HQWVSULFKW GHP =XVWDQG GHU HLQJHIDKUHQHQ .ODSSH XQG GLHQW D¢
GHUPHLVWHQ 6WXGLHQLQ GLHVHP 9RUKDEHQ LVW MH®GRF20 @ XI? GLMHS SHC
DEJHVHQNWH 6FKRY Q:Z35820d€) HOX423 (LQ .ODSSHQDXVVFKODJEULQJW VR
YRZOHU %HZHJXQJPLWVLFK ,Q$EELOGXQJ OLQNVLVWGDVYHUZHQGHYV
GDUJHVWHOOW

$EELOGXQJ .ODSSHQSRVLWLREEI:OGXQJIJHI OKVUK\WPRSRORJILH I-U5$16
.ODSSH 6WDUW XQG /DQGHVWHOOX®UW $NWXDWRUVFKHLEH
$XVIJHKHQG YRQ GHU 1$&$ 3URILOJHRPHWULH GHV YRUOLHJHQGHQ 3L

GHDXIJHEDXW 6LHEHVWHKWDXVHLQHP 9HUQHW]XQJVFRGH GHUGLH 31

(LQIHKHQGH'DUVWHOOXQJ



U; 40m/s JUHLH $QVWU|PIJHVFKZLQGLJIJNHLW

. 1:225kg/m3 'LEKWH

T 28815 K 7HPSHUDWXU
Ma, 0:118 ODFK]DKO

Re 2:27 10 5H\QROGV]DKO

7TDEHOOH G6WU|PXQJVEHGLQJIJXQJHQ I*UGLHD5%$165HFKQXC

HOHPHQW E]Z SXQNWHQ )RZOHUNODSSH GLVNUHWLWHHUWD® ZDQG
IHW] ZLUG PLW SXQNWHIR I CPRHWDRQEZHUWH HU B3URSHOOHU ZLUG L
O\WH DOV $NWXDWRUVFKHLEH PRGHOOLHUWO % LS\E VWD Q UPILU 8 @G PHUEL W
VWUXNWXULHUWH %ORFNQHW]DOV 7THWUDHGHUQHW] IRUWJHI<KUW 'LH.
GHV 2EHUIOIFKHQQHW]HV JHIXQGHQ ‘'LHVHV '5%$16 6HWXS LVW *UXQGOD

‘HLWHUKLQ ZXUGH GLH 6HQVLWLYLWIW GHU5%$16/|[VXQJEH]*JOLFK GHV 7>
$OPDUDV 7XUEXOHQ]PRGHOOPLW5RWDWLRQVNRUUHNWXULQGHU 1HJD
XQG $XI1ZDQG HUJLHOWH 'LH6WU|PXQJVEHGLQJXQJHQVLQGLQ 7DEHOO}

SRUDUEHLWHQ ]XU 3URILOPRGLILNDWLRQ

$XIHLQHP '"BURILOVFKQLWW ZXUGHQLP (XOHU *UHQ]VFKLFKWO|VHU 06(
DOV 9RUDUEHLW IeU GLH $XVOHJXQJ GHU PRGLIL]JLHUWHQ )RZOHU .ODSS
=LHO YRUGHP 'HVLIQHLQHUNRPSOH[HQ "*HRPHWULHHLQHQ J*QVWLJH

OLWKLOIHHLQHUPRGLILJLHUWHQ 9HUVLRQ GHVJUDGLHQWHQEDVLHUWH
OLFKHU =LHOIXQNWLRQHQ EHVWH .ODSSHQVWHOOXQJJHIXQGHQ 'LH)U
OLQLH GHU .ODSSH VRZLH GHU $QVWHOOZLQNHOCHGY XRO\GAGLQH X @ il ML
C./Co EHWUDFKWHW (UVWHUH VWHOOW EHL 3URSHOOHUIOXJ]JHXJHQ GHC
XQG VRPLW GHP VFKQHOOVWHQ 6WHLJHQ EHL YHUI*JEDUHU /HLVWXQJ G

'LH MHZHLOLJHQ 2SWLPD ZHUGHQ GDQQ *EHU HLQHQ JUR%HQ $QVWHOO.
$EELOGXQJ YHUJOLFKHQ 'LH3XQNWHDXIGHQ3RODUHQ DXIGHQHQ GDV
6WHUQHQ PDUNLHUW 8P GLH 9HUEHVVHU X Q,J#HZHQ3 H KW G HPK DOBSSHQEQ
l*UGLHVHQ 5HIHUHQ]NODSSHQZLQNHO HEHQIDOOV G Hlg RGERVEED X1 GHU
PD[LPDO VLQG ,Q GLHVHU 6WXGLH JHLJWH VLFK GDVV GHU .ODSSHQZL(
ZDU %HL GHU 6WHLJ]DKO V4B GHIHUH 8 WZHRIX®HE Q' X 2SWLPD ZHUGHQ E
.ODSSHQZLQNHOQ XQG $QVWHOOZLQNHOQ DOV LQ GHUS5HIHUHQ]O|VXQJ

'DV JHULQJH 9HUEHVVHUXQJVSRWHQWLDO JHLJW GDVV GHU YRUDE JHZI
.RQILIXUDWLRQ GDUVWHOOW 'LH VSIWHUH @R GILIQNQ W XK Q K5LHUK HIQDGS $X\
SXQNW

‘HUGHQ GLH 5DQGEHGLQJXQJHQ I+U GLH .ODSSHQSRVLWLRQ JHORFNHUYV
*DS 2YHUODS XQG GHQ .ODSSHQZLQNHO IUHL ]X ZIKOH{D EVI0B:82LQH PRC
HUUHLFKEDU 'LHVY KDW NHLQH 5HOHYDQ] I+U GDV YRUOLHJHQGH :LQGND
9HUEHVVHUXQJVSRWHQWLDO YRQ HWZD *OHLW]DKOSXQNWHQ XQWHUYV
=20f EHUHLWV HLQ DGITXDWHU 6WDUWSXQNW I+UIROJHQGH $QSDVVXQJ

OLW GLHVHP :LVVHQ *EHU GDV 2SWLPLHUXQJVSRWHQWLDO GHU .ODSSH F
JHRPHWULH ZLUG QXQ GLH 6HQVLWLYLWIW DXI $QSDVVXQJHQ GHV 3URIL

(LQIHKHQGH'DUVWHOOXQJ



$EELOGXQJ 06(63RODUHQ GHV )O+JHOSURILOV XQG JHIXQGHQH

7TDEHOOH S3DUDPHWHU GHURSWLPLHUWHQ .ODSSHQVWF

&RHIILFLHQW D WHISW BB XM 2SWLPLVHG
IRWD | RWY/ D2 IRWD | RUY/ D2
20 20 22:936 23977
Co
CL
I
L3/D2
/! L3/D?

LQZHOFKHP %HUHLFK GHV )O¢JHOV HLQH *HRPHWULHDQSDVVXQJLP :LQ
DQGHU9RUGHUNDQWHGHYV 3URILOV XQGLQ GHU .ODSSHQVWHOOXQJ N|C
ZXUGHQ GLHY BRH&EHOMIHOQDVH DOV 'URRS 1RVHDXVJHVFKODJHQ 'HU 5F
GHUB8QWHUVHLWHJHZIKOW VRGDVVGRUWHLQ . QLFNHQWVWHKW 'LH QELC
ZLUGPLWHLQHP NROQOWXUVWHWLIJHQ6SOLQHJHVFKORVVHQ

'LH +LQWHUNDQWHQPRGLILNDWLRQ GDJHJHQ LVW PLW +LQEOLFN DXI GH
BURILOJHEXQJGHU .ODSSHQLFKWPRGLILILHUHQ ZLUG QHEHQ GHUB6FKD
JHUW 'HU3XQNW GLHVHU *EHUODJHUWHQ 5RWDWLRQ HUJLEW VLFK DXV ]
+DXSWIO*JHO XQG .ODSSHQREHUVHLWH QLFKW VLJQLILNDQW GXUFK GL
GLH .ODSSHQSRVLWLRQ QRFK GLHDQJHVWUHEWH DHURG\QDPLVFKH :LU!
Q|WLIJWHQ .UIIWH XQG ORPHQWH NOHLQ ]X KDOWHQ XP HLQH .LQHPDWLU
PDFKHQ %HLGH $UJXPHQWH I*KUHQ DXI HLQHQ 5SRWDWLRQVSXQNW XQJH
GHU +LQWHUNDQW K & H ¥: 77488 M £0 *0D508 V

'LH 3RODUHQ GLHVHU ' *HRPHWULHPRGLILNDWLRQHQ DQ 9RUGHU XQG
SRVLWLYHU :HUW EHJHLFKQHW GDEHL HLQHQ Z|OEXQJVHUK|KHQGHQ $XV

(LQIHKHQGH'DUVWHOOXQJ



$EELOGXQJ .ODSSHQSRVLWLRQ GHU 2SWLPD

$EELOGXQJ

9RUG
URRS 1R

HUNDQWHGQGRRGOGNOWLREHUODIHUWH 5RWDWLRQ
VH XP .ODSSHQKROP

NDQWHQPRGLILNDWLRQ JHPI% GHU SURILOWKHRULH NHLQHQ (LQIOXVVEL
JHQVDW] GD]XPRGLILILHUWHLQHS5RWDWLRQ GHU .0 @&5@XP0E0E) JHZIKC
VI\PPHWULVFK XP GLH 5HIHUHQ]JHRPHWULH

,P +RFKDXIWULHEVIDOOLVW ZLH]XHUZDUWHQHUNHQQEDU GR)V HLQH Z
UHGX]LHUW ZRKLQ JHJHQ HLQ Z|OEXQJVH UKk HYGI®H U |$&N VWK OFDJUG HE QF
GRFK]X HUNHQQHQ GDVV HLQH 'URRS 1RVH NDXP (LQIOXVV DXI GHQ $XI\
NXUYH KDW ,P +LQEOLFN DXI GLH 3URMHNW]LHOH HUVFKHLQW HV GDKHL
GXUFK]XI*KUHQ GD GLHVHLP *HJHQVDW]]X 9RUGHUNDQWHQPRGLILNDW
GHV 3URILOV KDEHQ

$EELOGXQJ $XIWULHEVNXUYHI*U9RUGHU XQG +LQWHUNDQW

(LQIHKHQGH'DUVWHOOXQJ



.ODSSHQVHJPHQWLHUXQJLQ

*HP1% GHQ (UJHEQLVVHQ GHU 9RUVWXGLH GDVV HLQH +LQWHUNDQWHQF
GHU $XIWULHEVNXUYH EHL JOHLFKHP $QVWHOOZLQNHO HLQHQ (ITHNW >
6LPXODWLRQ PLW $NWXDWRUVFKHLEH DQJHZDQGW (V ZLUG ]XQIFKVW E
ILNDWLRQ EH]*JOLFK GHU VSDQQZHLWLJHQ $XIWULHEVYHUWHLOXQJ LV\
DUEHLWHW GLH VRZRKOLQ 6LPXODWLRQHQ DOV DXFK H[SHULPHQWHOO
GUHLGLPHQVLRQDOHQORGLILNDWLRQ ZLUG DEVFKOLH%HQG TXDQWLIL]

'DV QXPHULVFKH 6HWXS l+U )O+JHO 3URSHOOHU (LQKHLWHQ ZXUGH REH
JOHLFKVLQQLJ URWLHUHQGHQ 3URSHOOHUQ ]X UHSUIVHQWLHUHQ ZHU
SHULRGLVFKH 5IQGHU GHILQLHUW ,P 3URSHOOHUQDFKODXI HUJLEW VL
'UDOO GHV 3URSHOOHUV *EHUODJHUW ZLUG ,P %HUHLFK KLQWHU GHP DX
HUK|KW KLQWHU GHP DEZIUWV URWLHUHQGHQ %ODWW LVW HU NOHLQH L
UHLFK QDFK YRUQH JHGUHKW HVHQWVWHKW HLQH 6FKXENRPSRQHQWH
YHUGHXWOLFKW GHQ (IlHNW 'HU ORNDOH $XIWULHEVEHLZHWMW EODX L
JU|%HU GXUFK GDV YRUZIUWV .LSSHQ GHU UHVXOWLHUHQGHQ /XIWNUDI
GHUW

'LHVHP JQVWLJHQ (IITHNW GHVY BURSHOOHUV DXI GHQ )O*JHO ZLUNW GHU
WLHUHQG HP<WOBQYWHVIHQ 'D MHGRFK GHU UHVXOWLHUHQGH /XIWNUDI)
$QVWHOOZLQNHOV NOHLQHU LVW <EHUZLHJW GHU SRVLWLYH (IITHNW 'H
'UDOO 5*FNJHZLQQXQJ (ULVW XPVRJU|[%HU MHXQJOHLFKHUGLH/XIWN

'"HP HQWJHJHQ VWHKW GLH 7TDWVDFKH GDV PLW MHGHU =LUNXODWLRQVI
GHUVWDQG HLQKHUJHKW 6ROO DOVR HLQH LQVJHVDPW J*QVWLJH $XIW
ZHUGHQ PXVVEHLGHV LQGX]LHUWHU :LGHUVWDQGV]XZDFKVY XQG 'UDO(
5$16 /|VXQIJNDQQ RKQH ZHLWHUHV NHLQH8QWHUVFKHLGXQJGHU MHZHL
JUDO EHWUDFKWHW

QJ LJ

$EE 6 $ X INEEILIDBK XQ G "HWD L
'LGH DQGVY U

H
JDP '3 )RIGIOWMOBIS O WX

'"HUPDUNDQWHB8QWHUVFKLHG]ZLVFKHQ $XI XQG$EZLQGEHUHLFK VXJJH
LH GHV.ODSSHQDXVVFKODJY DQGLHEHLGHQ %HUHLFKHHLQ 9RUWHLC

(LQIHKHQGH'DUVWHOOXQJ



$EELOGXQJ 9LVXDOLVLHUXQJGHUHLQIDFKIHWHLOWHQ .ODSSH I

BHWXS JHSU«IW +LHUI*UZLUG GHUDXWRPDWLVFKH 9HU QW3] KEHYHRRGH (
GLH .ODSSH VSDOWHW $XI GHU HLQHQ 6HLWH ZLUG GLH .ODSSH EH]+JOl
DXI GHUDQGHUHQ 6HLWH XP GHQVHOEHQ QHJDWLY HQ g UBHIDXAKHWY 6 KQI
8QWHUVFKLHG LP .ODSSHQZLQNHO GHU OLQNHQ XQG UHF KWt QLAOD S SHC
EH]*JOLFK GHUS5RWDWLRQVULFKWXQJGHILQLHUW SRVLWLY PHLQW HLQ
BURSHOOHUV

J Q$EELOGXQJ VLQGGLH:LGHUVWDQGVYRUWHLOHGXUFKGLHJHWHLOV
JHVWHOOW OLW:LGHUVWDQGVHLQVSDUXQJ GXUFK'UDOO 5+FNJHZLQQ X
leUpit <O]X UHFKQHQ 'DVHQWVSULFKW HLQHP JU|%HUHQ .ODSSHQDXVVF
3URSHOOHU 'LHV YHUVWIUNW GLH 8QJOHLFKI|[UPLJNHLW GHU VSDQQZH
KHQGHQ .ODSSH GHU (IIHNW GHU 'UDOO 5¢FNJHZLQQXQJ *EHUZLHJW GH

'DV (LQVSDUSRWHQWLDO LP :LGHUWKBQ GHWMQM H:G R GKH LG H\X DDV H U V F K
6SUHL]ZLQNHO EHL DQGHUHQ $XIWULHEVEHLZHUWHQ XQWHUVXFKW S$EE
VSDUXQJHQ EHL GHQ JU|%WHQ $XIWULHEVEHLZHUWHQ ]X EHREDFKWHQ \

'LH (UJHEQLVVH GHU JHWHLOWHQ .ODSSH ]XU :LGHUVWDQGVUHGXNWLRC
VLFK ZLH IROJW ]XVDPPHQIDVVHQ (LQH]JLUNXODWLRQVHUK|KHQGH 0D %
B3URSHOOHU I*KUW ]XHLQHU VWIUNHUHQ 'UDOO 5+FNJHZLQQXQJXQG GHYV
'LH OD% QDKPH LVW MHGRFK QLFKW ZLUNVDP JHQXJ XP GHQ $X1ZDQG ]X U
HUZHLWHUW

$EELOGXQJ LGHUVWDQGVYRUWVWWHILOBXAXUFKLGHUVWDQGVYRUWH|
.ODSSHQVSUHL]XQJ XQG .ODSSHQDREBHIQVBSUHL]XQJI+UXQWHUVFKL
$XIWULHEVEHLZHUWH

(LQIHKHQGH'DUVWHOOXQJ



$EELOGXQJ BHULRGLVFKHV '3)0O¢JHOVHIJPHQW PLW IDFKJHW

%D\HVLVFKH 2SWLPLHUXQJYRQ .ODSSHQVHJPHQWHQ

8P HLQH ZHLWHUH $QSDVVXQJ GHU .ODSSHQJHRPHWULH DQ GLH ,QWHUTL
GH DEVFKOLH%HQG GLH +RFKDXIWULHEVNODSSH LQ DFKW VSDQQZHLWL
2SWLPLHUXQJVYHUIDKUHQV GLH EHVWP|JOLFKH /|[VXQJIl+eUGLHDFKW HL

OHWKRGLVFK ZXUGH KLHUI«U GLH 9HUQHW]XQJLQ HLQHP &KLPHUD 6HWX
SHQVHIJPHQWH VRZLHGHU 7UDJIO*JHO PLW GHP 3BURSHOOHU ZXUGH VH!:
YRUHLQHUG6WU|PXQJVO|VXQJ]XHLQDQGHU SRVLWLRQLHUW ZHUGHQ 'L}
leUMHGHQ =ZLVFKHQVFKULWW GHQ 1HW]JHQHUDWRU DXIUXIHQ ]X PsVVH

'LHED\HVIVFKH2SWLPLHUXQJKDWDOV )UHLKHLWVJUDGH GLHDFKW .0OD
EHLZHUWGHUJHVDPWHQ .RQILIXUDWLRQ 6LHVFKIWIWPLWKLOIHHLQHU
OLJJHZIKOWHQ .ODSSHQZLQNHO .RPELQDWLRQHQ HLQH RSWLPDOH /|VX
'DV (UJHEQLV ZLUGLQ GHQ 'DWHQVDW]DXIJHIJRPPHQ XQG VR ZLUG NRQW
% HUW XQG GDPLW GDV (UJHEQLV GHU 6FKIW]XQJ YHUEHVVHUW

7TDEHOOH hEHUVLFKWGHU .ODSSHQSDUDPHWHU DXV GHP 2SWLPLHUH

5XQ1R: | 2| 5| 4| s | 6| 7] s |Co*35[Co5%16

UHI

ewwevw | | [ [ L ] |

.RQNUHW ZXUGHQ LQ GHU 2SWLPLHUXQJ KLHU HLQ]HOQH 6LPXODWLRC
G K GDV2SWLPXP JHIXQGHQ ZDU 7DEHOOH ]JHLJW EHLVSLHOKDIW GLH
GLH .RQILJXUDWLRQ GLH GLH 5HJUHVVLRQ WKHRUHWLVFK DOV QIFKVW
GD GLHLQ GHU 3URJQRVH HUZDUWHWH :LGHUVWDQGVYHUULQJHUXQJ Q>
.RQILIXUDWLRQHQ LVW

'LHYRUJHVWHOOWHQ (UJHEQLVVH VLQG LQ]ZHLG6FKZHUSXQNWEHUHLFK
GHURSWLPLHUWHQ .ODSSHQHLQVWHOOXQJJHIJHQ*EHU GHU HLQIDFKHQ

(LQIHKHQGH'DUVWHOOXQJ



7TDEHOOH *HVDPWH :L

)LW%HVW

6WU|PXQJVIHOGV I|I*UGLHVHEHVWH .ODSSHQJHRPHWULH GXUFKJHI«KUW

UXQJ XQG 6\WWHPHIIL]L
J

7DEHOOH IDVVW GLH 2SWLPLHUXQJVHUJHEQLVOVIH\WYDPPWQXQDB GHU $KK
Cr=022JHKDOWHQ ZLUG ZLUG GLH (IIL]JLHQ]GHV '3 $SEVFKQLWWV YRP :LG|
.RPELQDWLRQ GHU DFKWpOCPSESHKEZ N BMHOQLWGEW 'LH (LQVSDUXQJLP:LG
DXFK GXUFK GLH 6\WVWHPHIIL]LHQ] EHZHUWHQ GLH DOV 1HWWRSURSXOV
YRP 3URSHOOHUVFKXE DEJH]RJHQ ZLUG

_ (T D) U
s = p

'LH3URSHOOHUHIILILHQ]LVW I*+U EHLGH .ODSSH 6623 V'WH\DH XKQQ 8 QF K N H
LVW JHZ*QVFKW XQG UHVXOWLHUW GDUDXV GDVV GHU PLWWOHUH .ODS
GHQ 6WDUW HQWVSULFKW 'D PDQ VLFKLP OLQHDUHQ %HWULHEVEHUHLF
JHOV DX|I GHQ 3URSHOOHU VRPLW EHL GHPVHOEHQ $XIWULHE LGHQWLVF
HLQEH]LHKW VLQNM6MRLHNGILIXXQYHUIQGHUWH @ DEEHE | -EGILHGRGUMLPIL H L
(LQVWHOOXQJ $XIJUXQG GHV JUR%HQ 6FKXE*EHUVFKXVVHVY GLHVHU )O-
6\WWHPHIILILHQ] JHULQJHU DOV GHU :LGHUVWDQGVJHZLQQ

'LHJHIXQGHQH .ODSSHQZLQNHONRPELQDWLRQLVW VRZRKOLQ %H]XJ DX
ULQJHQ $EZHLFKXQJHQ YRP 2SWLPXP HLQ UREXVWHV (UJHEQLV 'LH 5RE
7DEHOOH HUNHQQHQ $00OH .ODSSHQHLQVWHOOXQJHQ ]JHLJHQ IKQOLFK
WHVW (LQVWHOOXQJ ZHLVHQ MHGRFK OHLFKW XQWHUVFKLHGOLFKH (LQ
QDKH]X SXQNWV\PPHWULVFK]XP)O+JHOPLWWHOSXQNW PLW ]XVIW]OLFK
BURSHOOHUYG HLQHU 9HUULQJHUXQJ GHV .ODSSHQZLQNHOV LP $EZLQG
.ODSSHQDEZHLFKXQJHQ LP %HUHLFKJ{ Q& URDWH GW G2 R S MIHIOHEHCEL W
SHOOHUV DP JU|%WHQ

=XU ,QWHUSUHWDWLRQ LVW LQ BEEQ®ERA U (EHGH VIWEHCPDEIZINM Y GHV )
YLVXDOLVLHUW 'LH (EHQHLVW VR JHZIKOW GDVV GHUDEJHOHQNWH 3UF

6RZRKO GLH5HIHUHQ] DOVDXFKGLHRSWLPLHUWH .ODSSHQHLQVWHOO':
JHQH :LUEHOVWIUNH GHXWOLFK 'LHPLWWOHUH :LUEHOVWIUNHLVW LQ E
8KUJHLJHUVLQQ JHULFKWHWH 5RWDWLRQ GHU 6WU|PXQJ hEHUUDVFKHC
RSWLPLHUWH .ODSSHQHLQVWHOQ@NXGJ BiddNd2D JY Sl bdl & DW|Idl ¥ W IHNOWD W H Q (
GLHPLWWOHUH :LUEHOVWIUNIK ¢W-=G LG-060843 | 'D HR/HZ LIGGCHS BHS@XBKW GHU (UZ
GHU :LUEHO LQ HLQHU (LQVWHOOXQJ PLW YHUJU|%HUWHU .ODSSHQYHU\
Z*UGH LQGHP GHP $X1ZLQG GHV 3URSHOOHUV PLWHLQHP $EZLQG GHV )O
GLHV GDUDXIKLQ GDVV GXUFKGLH .ODSSHQVHJPHQWLHUXQJ]IXVIW]OLF

'LHVHU sEHUUDVFKHQGH %HIXQG ZLUG DXFK GXUFK GLH $QDO\WH GHU NLC
'XUFK 6 XEWUDNWLRQ GHU GXUFKVFKQLWW ORE K HQXQUEEUW X1Q B LOHG @/LLHN D O

(LQIHKHQGH'DUVWHOOXQJ



*HVFKZLQGLIJNHLWVVW|UXQJLQ GHU (EHQH *EHU GHQ OLWWHOZHUW EHU
*HVFKZLQGLIJNHLWHQ GLHLQ $EELOGXQJ ]XVHKHQLVW ,Q GLHVHU $¢
VLFK GLH 3URSHOOHU JHJHQ GHQ 8KU]JHLJHUVLQQ =XVIW]OLFK ]XP (LQI(
/*FNH ]ZLVFKHQ GHQ .ODSSHQVHJPHQWHQ HEHQIDOOV 6W|UXQJHQ LQ GF
9DULDWLRQHQ GHU .ODSSHQZLQNHO ]XVIW]OLFKH 7UDQVYHUVDOJHVFK?2

=XVDPPHQIDVVHQG LVW GLH (UZDUWXQJ GDVV HLQ DXI :LGHUVWDQG RS
XQG *HVFKZLQGLINHLWVVW|UXQJHQLQ GHU (EHQH DXIZHLVW QDFK XQV

$EELOGXQJ BQWHUVXFKXQJVHEHQH I*U GLH :LUEHODQTE

$EELOGXQJ 1RUPDOL

VLHUWH :LUE$HERLRI@ARI - U BRHWP
5HIHUHQ]IDOO RSWLP

'XUFK JHILHOWHQ GLIITHUHQ]JLHUWHQ $XVVFKODJ HLQHU DFKWIDFK JHWI|
EHL HLQHP $XIWULGCAEVIEHXBBHU WGYROQHUHQ %H]LHKW PDQ GLHVH :LGHUV\
6\VWHPZLUNXQJVJUDG HLQ YHUEOHLEWHLQH9HUEHVVHUXQJ XP HWZD

'DV9OHUEHVVHUXQJVSRWHQ]LDO GHV 6HJPHQWYV DXV 3URSHOOHU XQG )O
PHVVHQ 'LH]X HUZDUWHQGHQ (LQVSDUXQJHQ OLHJHQ MHGRFK DQ GHU °
"HOOHQOHLVWXQJ

(LQIHKHQGH'DUVWHOOXQJ



DOLVLHUWHU $EELOGXQJ 1RU
EHWUDJ I-6AMdHQHVHAKDIHDG LD E LWV
OHWKRGHQDXIEDX $QDO\VH3URS 3URS

'LH $XVOHJIXQJ GHU 3URSHOOHUJHRPHWULH HUIROJW PLWWHOV GHYV )
OHWKRGH QDFK $GNLQV XQG /LHEHFN =XQIFKVW ZHUGHQ DXV GHP YRUT
GLQIJXQJHQIHVWJHOHJW GLHI*UGLH $XVOHJXQJQRWZHQGLJVLQG 'LH

7TDEHOOH S5DQGEHGLQIXQIJHQ XQG HWULHEVSXQNWHI+U GH

OD[LPDOH 6WU|PXQJVIHVI}{BE@GLINHILIWMPGNDQDO LQNO ORGHOO

OD[LPDOH 'UHK]DKO nppfF 7000 530 ORWRUJUHQ]H
OD[LPDOH/HLVWXQJ PppF 35 N: ORWRUJUHQ]H
OD[LPDOHV 'UHKPRPHQWQppF50 1P ORWRUJUHQ]H
BURSHOOHUJHRPHWULHDy, =06 P

Dhp =0;18 P

Nbilades = 6
OD[LPDOHU 6FKXE TppE 500 1 BWUXNWXUJUHQ]IHQ

'"HILQLWLRQ GHU % HWULHEVSXQNWH

%HWULHEVSXQNW J1=0;65
%HWULHEVSXQNW J>,=091

'DGLH /HLVWXQJVHOHNWURQLN VRZLH GHU UHVWOLFKH 6WUXNWXUWHL
*EHUQRPPHQ ZHUGHQ EHJUHQ]HQ GHU (OHNWURPRWRU XQG GLH )HVWL.
WH 8P HLQH 9HUJOHLFKEDUNHLW GHU (UJHEQLVVH ]X JHZIKUOHLVWHQ
B3URSHOOHU GHQ JOHLFKHQ 'XUFKPHVVHU XQG GLH JOHLFKH $Q]DKO DQ ¢
KDQGHOW ZXUGHQ I+UGLH$XVOHJIXQJGLH =XVW 0 PE[HG LIGIZA KO WQ TFRDLFK
GLHQ KDEHQ JH]JHLJW GDVV YHUVFKLHGHQH 3URILOH HQWODQJGHU 6SD
SRVLWLYH $XVZLUNXQJDXI GLH 3HUIRUPDQFH KDEHQ GD hEHUJDQJVEH
YRQ GHU $XVOHJIXQJVIJHRPHWULH YHUXUVDFKHQ N|QQHQ 'DKHU ZXUGH |
$OV $XVOHJIXQJIVSXQNW ZXUGH GHRLAW &R Q HAH WHEHEGES B RQW HLQHU $Q
VWU|PJHVFKZLQGEI FIMVIMRIKOW $EELOGXQJ ]JHLIJW GDYWX®RB EHLGH
PLWGLHVHP %ODWW HUUHLFKW ZHUGHQ N|QQHQ

(LQIHKHQGH'DUVWHOOXQJ



$EELOGXQJ .HQQIHOG I+0,(QWZXUIVSXQNW
7DEHOOH %HWULHEVSXQNWH

%WHWULHEV3XQNWh (O} T P Q
J1 0,649 6160PLQ 40P V 0,697 36521 20G95N: 3251P
NP 0,909 6050PLQ 55P V 0827 19281 1306 N: 203 1P

'DGDV 0+ 3URILOHLQHVSLW]H+LQWHUNDQWH EHVLW]W ZHOFKH QLFk
PLQGHVWHQV HL=QEBmoF RHWWRIQKHQ EOHLEW 'LHV EHZLUNW HLQH GXUFKV
QHQOIQIHMMRQLHVH 9HUN*U]XQJEULQJWHEHQIDOOVHLQHQ 9HUOXVW LQ
&)' 5$16 5HFKQXQJHQ PLWWHOV GHV 6WU|PXQJVO|VHUV 7$8 YRP '/5 GXUT

GDUJHVWHOOW (V k@fQ&HIP\M @ WFKKPHHIDFHOOH XQG PLW HLQHP UHLE X

$EELOGXQJ &)'"'RPDLQI*ULVROLHUWH3URSHOOHU B6LPXC

'LH (UJHEQLVVH JHLJHQ GDY¥WBHL\W ¥ IBW V [( € BAZEXEDENFPKLNE W § LWR]QI U + L Q V
NDQWH=GBXIN XQG PLW VWXPSIHUT++ 20BN\HHNDBMAKQYX2HUGHQ 'DVV HLQH H
GHQ 6FKXE LP 9HUJOHLFK ]XUJHQDXHUHQ &)' XQG ]XU 5HDOLWIW sEHUVF
(ISHULPHQW GXUFK HLQHQ K|KHUHQ 3LWFKZLQNHO UHDOLVLHUW ZHUGH
GHVILQDOHQ %ODWWHYV

(LQIHKHQGH'DUVWHOOXQJ



$EELOGXQJ &)' 5$16 6LPXODWLRQ
:LUNVFKHLE QPRGHOO
$EELOGXQJ 6HKQHQOIQJH XQG 7ZLVWZLQNHO «EHU
r/R

)*U GLHVHQ 3URSHOOHU ZXUGHQ GDQQ GLH ]XJHK|ULJHQ 3DUDPHHU GH!
5$16 6LPXODWLRQ PLW GHP GDKLQWHUOLHJHQGHQ 3URILO NRPELQLHU\
6LPXODWLRQ PLW GHP )O+JHO 'XUFK GLH VWURPDXIZLUNXQJ GHV )O+JHO
HLQHQ 6 FRXBMRQRGDVV GHU $XVOHJIXQJVSLWFK I«UGLH :LQGNDQDOHIS
GHILQLHUW ZXUGH 'LH ,QWHUDNWLRQ YRQ )O+JHO XQG 3URSHOOHU VRU
LPLVROLHUWHQ (QWZXUIVYHUIDKUHQ QLFKW EHU*FNVLFKWLJW ZLUG

9DULDWLRQ 3URS 3URS QWHUDNWLRQHQ

)*UGLH5$16 6LPXODWLRQHQ ZXUGHHLQHDXWRPDWLVLHUWH 9HUQHW]X
'HU 3URSHOOHU ZXUGH *EHU GLH :LUNVFKHLEH DXV $3 UHSUIVHQWLHU
XQG XPIDVVW GLH 9HUQHW]XQJYRQ)0O+*JHO XQG +LQWHUNODSSH 1DFHO
WHUNODSSH )JHUQIHOG VRZLH GLH5DQGEHGLQJXQJHQ 'LH3HULRGL]LW
GHU GHUS5HFKHQGRPDLQ EHUsFNVLFKWLJW )+U GDV QXPHULVFKH 6HWX¢
YRUJHVHKHQ

t)O«JHO XQG +LQWHUNODSSHQJHBREMWO®OQHHUXQJPLW RGHU RKQH $XI

FSURILODXIO|VXQJ £ XUFKPHYVHY GHY SFWXDWRU 'LVN
$*UHQ]VFKLFKWGLFNH XQG *UHQJVFKLFKWDXIO|VXQJ

$1DFKODXIJU|%H XQG 1DFKODXIDHOBMNXXGU$EXIO|VXQILP %HUHLFK YRQ
$3RVLWDR@BLFKWXQJ WXDWRU 'LVN

'DPLW ZXUGH HLQ 5$16 6HWXS JHVFKDIIHQ PLW GHP GLH 3URSHOOHUSR
WLVFK DQJHSDVVW ZHUGHQ N|QQHQ $EELOGXQJ ]JHLJW GLH UHVXOWLE
SRVLWLRQHQ 'LHOHKU]DKO GHU 6LPXODWLRQHQ ZXUGH PLW HLQHU YHU
XQG 1$FHOOH QLFKW JHRPHWULVFK PLW GHP )O+JHO YHUEXQGHQ VLQG {
SHULPHQW NDQQ LQ YHUHLQIDFKWHU )RUP KLQ]XJHI+JW ZHUGHQ ZLHLQ
LVW

'LHVH 5RXWLQH ZXUGH JHQXW]W XP VIVWHPDWLVFKH 9DULDWLRQHQ ]X
SHOOHUSRVLWLRQ UHODWLY ]XP )O+JHO 'HU 3DUDPHWHUUDXP LVW LP :
JDQJHQHQ 3URMHNW &,&/23 DXVJIHI*KUWHQ ([SHULPHQWH HU ZXUGH MH(
(z=+0;1/0;8) XQG WLHIHUHz3R 0RMB)RHIQQ]W ZLH LQ $SEELOGXQJ ]X HUNHC
EHWUDFKWHWHQ (UJHEQLVVH EXU M GWAK®HBHWQHEVUDREDWHQ $QVWHC
HLQH 'DUVWHOOXQJDOOHU (UJHEQLVVH I+U GLHVHQ %HULFKW ]X XPIDQ.

(LQIHKHQGH'DUVWHOOXQJ
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