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About

Rotor 38 is part of a research program to study a advanced-core compressc
compression ratio (20:1). It is therefore the fourth stage rotor of this eight
these eight stages, the B rst four have been designed and tested : rotors 35
information, here isa adprokttébrom. NASA

e Original technical report [(cite:moorel982design>Moore R.D., Reid L. «
Axial-Flow Transonic Compressor With Rotor and Stator Aspect Ratios «
Respectively, and With Design Pressure RBd)jo of 2.05 » 1982.

@TechReport{moorel982design,

author = {Moore, R. D. and Reid, Lonnie},

date = {1982},

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

title = {Performance of Single-Stage Axial-Flow Transonic

Compressor With Rotor and Stator Aspect Ratios of 1.63 and 1.77,
Respectively, and With Design Pressure Ratio of 2.05},

number = {NASA-TP-2001},
url = {https://ntrs.nasa.gov/citations/19820014395},
}
e Picture
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Fig.hittps://catalog.archives.gov/id/17466806

e @Misc{brownl977records,
author = {Brown, M.},
title = {Rotor 35 - Rotor 38 - Stator 35 in casing. {R}ecords of the
{N}ational {A}leronautics and {S}pace {A}ldministration, 1903 - 2006.
{P}hotographs relating to agency activities, facilities and personnel,
1973 - 2013},
year = {1977},
url = {https://catalog.archives.gov/id/17466806}}

e downloadable m@&déelgroject)
e NASA technical report
(.pdf)
e geometrical parameters B le
(.csv), usable as input of OpenMCAD]|[(cite:Kojtych_2022 gene_aubes
«OpenMCAD, an open blade generator: from Multiple-Circular-Arc prc
Design model»op@h2source)lcbaegenerate reference blade models.
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Reference blade
Theeference blasdedeR ned with multiple-circular arc proBles[(cite:Crouse_109
the original NASA report[(cite:moorel982design)]. Corresponding models al

source code OpenMCAD]J(cite:Kojtych 2022 gene_aubes)].

Geometry

The geometry of rotor 38 is descgibad NASAdrepbet following tables. The len
in centimeters and the angles in degrees.

Aerodynamic design

unitvalule
pressure ratio [-112.05
mass B ow [kg/sd0.2
tip speed [m/sh55
tip solidity [-]111.3
aspect ratio [-1/1.63
number of blades [-]1148
nominal rotation speed $\o/jraglddB60

Material properties

Rotor 38 is made of a 200-grade maraging steel[(cite:reid1978designandove
overall performance of four highly loaded, high-speed inlet stages for and .
core compressorpd¥p,7But the exact material properties are not provided in
following properties are considered:

unit|{value

alloy [-] |18-Ni-200-majraging

Young's modul[wsPa]l 80
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unitivalue
density [kg/m3pP00
Poisson’s ratio[-] |0.3

yield stress | [GP&al.38

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
OpenMCAD|[(cite:Kojtych_2022 _gene_aubes)]:

ModeTyp/eNatural angular frequency (Matdsalcfrequency (Hz)
1 1B [3761.51 598.663

2 1T (13484.22 2146.08
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ModelTyp/eNatural angular frequency (Matdsalcfrequency (Hz)

3 2B 14745.63 2346.84

Campbell diagram

Evolution of the natural frequencies of the Brst 3 vibration modes, as a fun
mesh computed with OpenMCAD|[(cite:Kojtych_ 2022 gene_aubes)]:

Campbell diagram computed with a linear centrifugal preload, with clamped
= 1 800 rad/s)

e graph (.pdf)
e Campbell data (.csv)

Initial blade
Thenitial blaibksedelR ned with in-house LAVA parameters[(cite:Kojtych_2022_N\

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:
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ModeTypeNatural angular frequency |(MatusalcYrequency (Hz)
1 1B ([3789.68 603.147
2 1T [13601.09 2164.68
3 2B |14970.57 2382.64

e from the reduced order model:

ModeTypeNatural angular frequency |(Watddsalcfrequency (Hz)
1 1B |3789.92 603.185
2 1T (13606.43 2165.53
3 2B |14983.45 2384.69

Fichiers tdl@dchargeables

Libre accts

lien vers le projet Git

propos

Le rotor 38 appartient un programme de recherche visant @tudier une co
poss@dant un grand taux de compression (20:1). Il est donc le rotor du qua
compresseur transsonique de huit @tages. Parmi ces huit @tages, les quatr
testds, ils correspondent aux rotors 35, 36, 37 et 38. Pour plusndriandpomtati
de la NASA

e Rapport technique original[(cite:moorel982design>)]:

@TechReport{moorel982design,

author = {Moore, R. D. and Reid, Lonnie},

date = {1982},

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

title = {Performance of Single-Stage Axial-Flow Transonic

Compressor With Rotor and Stator Aspect Ratios of 1.63 and 1.77,
Respectively, and With Design Pressure Ratio of 2.05},

number = {NASA-TP-2001},

url = {https://ntrs.nasa.gov/citations/19820014395},

}

e Photographie
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Fighttps://catalog.archives.gov/id/17466806

e @Misc{brownl977records,
author = {Brown, M.},
title = {Rotor 35 - Rotor 38 - Stator 35 in casing. {R}ecords of the
{N}ational {A}leronautics and {S}pace {A}ldministration, 1903 - 2006.
{P}hotographs relating to agency activities, facilities and personnel,
1973 - 2013},
year = {1977},
url = {https://catalog.archives.gov/id/17466806}}

e modtles t@ldchardeearbheesrs 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¢
["aube de rdfdrence
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Aube de rdf@rence

Laube de rdf@resteddl nie par des proBls de type arcs circulaires

multiples[(cite:Crouse_ 1969 compaleA>Compuder program for composing col
blading from simulated circular-arc elements on conical surfad§ls doln8ds N
dans le rapport technique original de la NASA[(cite:moorel982design)]. Les
obtenus avec le code en libre acckts OpenMCAD|[(cite:Kojtych_2022_gene_a

GdomOtrie

La gdom@trie du rotor 38 estra@poite ddanisgiee depba NefsSttableaux suivants.
grandeurs sont en centimkttres et en degrds.

Caract@ristiques a@drodynamiques

unit@waleulrs

taux de compression [-1]12,05
dg@bit massique [kg/s30,2
vitesse en tEte [mM/sKBU55
solidit@ en tCEte [-112,3

allongement [-1]2,63
nombre d’aubes [-]1148

vitesse de rotation nominale $)\pmadghB 0G

Propridtds matdriau

Le mat@riau du rotor 38 est un alliage base de nickel : un acier maraging
200[(cite:reidl1978designandoverall>Reid. «Design and overall performance
speed inlet stages for and advanced high-pressure-ratodYflomeaisongpsessor»
caract@ristigues ne sont pas fournies dans le raport de la NASA. Les propr
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unit@valeurs
alliage [-] /118-Ni-200-maraging
module d'Young| [GP&al80
masse volumique[kg/m38pPO00
coeB cient de Pojisseh|0,3
limite dlastique| [GP&al,38

Modtle CAO

Le modtle CAO est obtenu avec OpenMCAD]J[(cite:Kojtych_2022_gene_aubes

intrados

extrados
Frdquences propres

Frdquences des trois premiers modes (hoeuds du pied d’aube encastr@ds) p
OpenMCAD|[(cite:Kojtych_2022_gene_aubes)] :

ModeTyp/Pulsation propre (rakl/r®ea)ence propre (Hz)

1 1F |3761,51 598,663
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ModeTyp/dPulsation propre (ral/@eau)ence proprie (Hz)

2 1T |13484,22 2146,08

3 2F 114745,63 2346,84

Diagramme de Campbell

volution des frdquences propres des 3 premiers modes, en fonction de la \
maillage obtenu avec OpenMCAD|[(cite:Kojtych_ 2022 gene_aubes)]:

diagramme de Campbell calculd avec une pr@dcharge centrifuge lin@aire, nc
encastrgds (vitesse nomiln&I0 rad/s)

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

Aube initiale

Laube initieelet d@R nie par des paramttres sp@dcil ques au

LAVAJ[(cite:Kojtych_2022 MethododbgyeMeitywodoD.gy for the Redesign of Corl
Blades Undergoing Nonlinear Structural Interactions: Application to Blade--
Journal of Engineering for Gas Turbines andpRi§jwebtevhals 1HpmriNbodd.modLle
de ["aube de rdf@rence. L’aube initiale est classiquement utilis@de comme ¢
proc@dures d’optimisation; sa gdom@trie est similaire celle de I'aube de
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Fr@dquences propres
Frdquences des trois premiers modes (noeuds du pied d’aube encastr@ds),

e pour le maillage complet :

ModeTyp/Pulsation propre (rak/r®ea)ence propre (Hz)
1 1F |[3789,68 603,147
2 1T |13601,09 2164,68
3 2F |14970,57 2382,64

e pour le modtle r@dduit :

ModeTypl/Pulsation propre (rak/r®ea)ence propre (Hz)
1 1F |3789,92 603,185
2 1T |13606,43 2165,53
3 2F [14983,45 2384,69

Diagramme de Campbell

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

diagramme de Campbell calcul@ avec une prdcharge centrifuge lin@daire, nc
encastr@ds (vitesse nomin®Ile&0 rad/s),

aube initiale (orange), aube de r@dfdrence (grise)
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e graphique (.pdf)
e donndes du Campbell (.csv)

Document issu de la page wiki:
https://lava-wiki.meca.polymtl.ca/public/modeles/rotor_38/accueil?rev=17:
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