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About

Rotor 15 is a fan which was the Brst of a series of designs in support of N/
aircraft engine program. The fan designed in this program have unconventit
aerodynamic features because of noise considerations.

e Original technical report [(cite:gelderl974design>Gelder T. F, Lewis G.
performance of 0.5-meter-diameter, 337-meter-per-second tip speed, 1.
stage fan designed for low noise aircrpfiflengines » 1974.

@TechReport{gelderl1974design,

author = {Gelder, Thomas F. and Lewis, George W.},

date = {1974},

institution = {NASA Lewis Research Center Cleveland, OH, United
States},

title = {Aerodynamic performance of 0.5-meter-diameter, 337

meter-per-second tip speed, 1.5-pressure-ratio, single-stage fan desig
for low noise aircraft engines},

number = {NASA-TN D-7836},
url = {https://ntrs.nasa.gov/citations/19750006695},
}
e Picture
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Fighttps://ntrs.nasa.gov/citationspl®9530006695

e downloadable m&déelgroject)
e NASA technical report
(.pdf)
e geometrical parameters BB le
(.csv), usable as input of OpenMCAD|[(cite:Kojtych_ 2022 gene_aubes
reference blade models.

Reference blade

Theeference blasdedeBR ned with multiple-circular arc proBles[(cite:Crouse_109
the original NASA report[(cite:gelderl1974design)]. Corresponding models a
source code OpenMCAD]J(cite:Kojtych_2022 _gene_aubes)].

Geometry

The geometry of rotor 15 is descgibaed NASAdrepbhet following tables. The len
in centimeters and the angles in degrees.
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C-TZz-1781

Aerodynamic design

unitfvalue

pressure ratio [-]|1.5

mass B ow [kg/s39.16
tip speed [mM/sB37
tip solidity [-111.344
aspect ratio [-113

number of bladp-4 |53

rotative speeldrad/$B63.45

Material properties

The original material of the rotor 15 is deB ned in the NASA report as 20
a generic titanium Ti-6Al-4V is considered for the models available in th

unit|{value

alloy [-] |Ti-6AIl-4V
Young’'s modul[wsPall08
density [kg/ m3Kroo

Poisson’s ratio[-] [0.34
yield stress | [GPaD.824
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CAD model

The CAD model is computed with the open source code OpenMCAD][(cite:Koj

pressure side

suction side

Natural frequencies

First three natural frequencies (with clamped root) for the mesh computed
OpenMCADJ[(cite:Kojtych_2022 _gene_aubes)]:

ModeTyp/eNatural angular frequency (Matdsalcfrequency (Hz)
1 1B [1547.59 246.307
2 2B |4839.27 770.194
3 1T |9194.69 1463.38

Initial blade

Theaenitial blaidkedel ned with in-house LAVA parameters[(cite:Kojtych_2022_N\
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from the reference blade CAD model. The initial blade is usually used as st
process. Its geometry is similar to the one of the reference blade.

Natural frequencies
First three natural frequencies (with clamped root)

e from the whole mesh:

ModeTyp/dNatural angular frequency (Matdsalcfrequency (H2z)
1 1B [1527.69 243.139
2 2B 14863.1 773.986
3 1T |[9105.65 1449.21

e from the reduced order model:

ModeTyp/dNatural angular frequency (Matdsalcfrequency (Hz)
1 1B |1527.74 243.147
2 2B 14863.79 774.096
3 1T [9109.93 1449.89

Fichiers t@dl@chargeables

Libre accts

lien vers le projet Git

propos

Le rotor 15 est une soull ante, la premiktre d'une s@rie de la NASA consacrg
moteurs d’'avion conventionnels faible bruit. Les soul3 antes con us dans e
prdsentent des caract@ristigues gdomdtriques et agdrodynamiques non con
de r@duction du bruit.

e Rapport technique original [(cite:gelderl1974design>Gelder. «Aerodynan
meter-diameter, 337-meter-per-second tip speed, 1.5-pressure-ratio, si
low noise aircraft engipe¥]» 1974.

@TechReport{gelderl1974design,

author = {Gelder, Thomas F. and Lewis, George W.},

date = {1974},

institution = {NASA Lewis Research Center Cleveland, OH, United
States},

title = {Aerodynamic performance of 0.5-meter-diameter, 337

meter-per-second tip speed, 1.5-pressure-ratio, single-stage fan desig
for low noise aircraft engines},

number = {NASA-TN D-7836},

url = {https://ntrs.nasa.gov/citations/19750006695},
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e Photographie

Fighttps://ntrs.nasa.gov/citationspl®330006695

e modtles t@l@chardeearbheesrs projet Git)
e rapport technique original
de la NASA (.pdf)
e3chier de paramkttres gdom@triques
(.csv), utilisable en entrde de OpenMCAD][(cite:Kojtych_2022_gene_z¢
Batailly A. «xOpenMCAD, an open blade generator: from Multiple-Circ
Computer-Aided Design mogdeh» sduz2e)lcpoer gdndrer |"aube de rdfdi

Aube de rdf@rence

Laube de rgf@rested @l nie par des prolls de type arcs circulaires

multiples[(cite:Crouse_1969 compaleA>Compuder program for composing col
blading from simulated circular-arc elements on conical surfadgls dolnG®s N
dans le rapport technique original de la NASA[(cite:gelderl974design)]. Le:
obtenus avec le code en libre accts OpenMCAD][(cite:Kojtych_ 2022 gene_a
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GdomOtrie

La gdom@trie du rotor 15 estra@poite ddanisgiee depba NefsSttableaux suivants.
grandeurs sont en centimkttres et en degrds.

C-TZz-1781

Caract@ristiques adrodynamiques

unit@waleufrs
taux de compression [-112,5
dg@bit massique [kg/529,16
vitesse en tEte [m/sB37
solidit@ en tCEte [-111,344
allongement [-113
nombre d'aubes [-1153
vitesse de rotation nominale $\pmadgaB 63,45

Propridtds mat@riau

Le mat@driau original du rotor 15 est d@R ni dans le rapport de la NASA p.

steel. Toutefois, I'alliage de titane Ti-6Al-4v ddcrit ci-dessous est consi
disposition.

unit@valeurs

alliage [-] |Ti-6Al-4v

Site wiki du LAVA: https://lava-wiki.meca.polymtl.ca/


https://ntrs.nasa.gov/citations/19750006695

Dernitre mise jour: . . . - .
2024/07/26 10:32 public:modeles:rotor_HtipsctMavia-wiki.meca.polymtl.ca/public/modeles/rotor_15/accu

unit@valeurs
module d’Young| [GP&glL08

masse volumique[kg/m3Koo
coeB cient de Pojisseh|0,34
limite lastique| [GP&ap,824

Modtle CAO

Le modtle CAO est obtenu avec OpenMCAD]|[(cite:Kojtych_ 2022 gene_aubes

intrados

extrados

Frdquences propres

Frdquences des trois premiers modes (noeuds du pied d’aube encastrds) p
OpenMCAD][(cite:Kojtych_2022 gene_aubes)] :

ModeTyp/Pulsation propre (radr@ega)ence propre (Hz)
1 1F |1547,59 246,307
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ModeTyp/dPulsation propre (raklVv@eau)ence proprie (Hz)

2 2F 14839,27 770,194

3 1T (9194,69 1463,38

Diagramme de Campbell

volution des fr@dquences propres des 3 premiers modes, en fonction de la \
maillage obtenu avec OpenMCAD][(cite:Kojtych_2022 _gene_aubes)]:

1 000 e

fréquence |F|.r.'

M 00 GO0 0 1 200 Wa 1 504
vitesse de rotation [rad /s

diagramme de Campbell calculd avec une pr@dcharge centrifuge lin@aire, nc
encastrgds (vitesse nomin&l@3,45 rad/s)

e graphique (.pdf)
e donn@es du Campbell (.csv)
Aube initiale
Laube initieedet dOB nie par des paramkttres sp@cil ques au
LAVAJ[(cite:Kojtych_ 2022 Methododb@y®MejihywodoI®.gy for the Redesign of Cor
Blades Undergoing Nonlinear Structural Interactions: Application to Blade--
Journal of Engineering for Gas Turbines andpRi¥webtehals 1HpmrtiNbdd.modLle

de ["aube de rdf@rence. L’aube initiale est classiquement utilis@e comme ¢
procddures d'optimisation; sa gdomdtrie est similaire celle de l'aube de

Frdquences propres

Frdquences des trois premiers modes (noeuds du pied d’aube encastr@ds),
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e pour le maillage complet

ModeTyp/Pulsation propre (rak/r®ea)ence propre (Hz)
1 1F |1527,69 243,139
2 2F 14863,1 773,986
3 1T |[9105,65 1449,21

e pour le modtle r@dduit

ModeTyp/dPulsation propre (ral/v@eau)ence proprie (Hz)
1 1F [1527,74 243,147
2 2F |4863,79 774,096
3 1T |9109,93 1449,89

Diagramme de Campbell

Comparaison de |I'@volution des fr@dquences propres des 3 premiers modes,
rotation, pour l'aube initiale et de r@f@rence:

diagramme de Campbell calcul@ avec une prdcharge centrifuge lin@aire, nc
encastrgds (vitesse nomin&l@e3,45 rad/s),

aube initiale (orange), aube de r@dfdrence (grise)

e graphique (.pdf)
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e donn@es du Campbell (.csv)

Document issu de la page wiki:
https://lava-wiki.meca.polymtl.ca/public/modeles/rotor_15/accueil?rev=17:
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