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About

Rotor 4 is part of a research program to study the el ects of blade row soli
margin of an axial-B ow compressor rotor. It is one of a series of rotors des
solidity achieved by changing the blade chord length : rotor 3 with a tip so
solidity of 1.1 and rotor 5 with a tip solidity of 1.5. The results showed tha
ratio were higher for a rotor with a blade tip solidity of 1.5 than for a rotor

Then, another series of tests has been conducted with blade tip solidities ¢
and 1.7 (rotor 12). Tip solidity are being changed by varying the number of
same velocity diagrams and B ow path. These stages were designed such th:
rotor and stator blades are the same.

e Original technical report [(cite:janetzkel972design>Janetzke. «Perform
second-tip-speed axial-B ow compressor rotor with bladedijip solidity of .

@TechReport{janetzkel972design,

author = {Janetzke, David C. and Ball, Calvin L. and Hager,
Roy D.},

date = {1972},

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

title = {Performance of 1380-foot-per-second-tip-speed axial-

flow compressor rotor with blade tip solidity of 1.1},

number = {NASA-TM X-2449},
url = {https://ntrs.nasa.gov/citations/19720011348},
}
e Picture
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Fighttps://ntrs.nasa.gov/citationspl6220011348

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»cad@22en libre)latatgsenerate reference blade models.

Reference blade

Theeference blasdedeR ned with multiple-circular arc proBles[(cite:Crouse_109
the original NASA report[(cite:janetzkel972design)]. Corresponding models
source code OpenMCAD]((cite:Kojtych 2022 gene_aubes)].

Geometry

The geometry of rotor 4 is desrégiilmad NhA Shelbre pbhet following tables. The leng
inches and the angles in degrees.
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Aerodynamic design

unitvalue
pressure ratio [-]|1.8
mass B ow [kg/sd9.6
tip speed [mM/sh20.6
tip solidity [-]/1.1
aspect ratio [-113
number of bladp-g4 |47
rotative speeldrad/§p75.51

Material properties

Rotor 4 is made of a 200-grade maraging steel

unit|value
alloy [-] |18-Ni-200-ma
Young’'s modu[wsPal 80
density [kg/m3pP0O0
Poisson’'s ratio[-] |0.3
yield stress | [GP&al.38

raging
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CAD model

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

intrados

extrados

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 [1678.08 267.076
2 2B |6508.62 1035.88
3 1T |8874.56 1412.43

Initial blade

Thenitial blaibksedelR ned with in-house LAVA parameters[(cite:Kojtych_2022_N\
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et al Methodology for the Redesign of Compressor Blades Undergoing Nonli
Application to Blade-Tip /Casing Contacts 2022. Journal of Engineering fo
Vol.145, Ndafy.obtained from CAD model of the reference vane. The initial b
used as a starting point in optimization procedures; its geometry is similar

Natural frequencies

First three natural frequencies (with clamped root)

e from the whole mesh:

ModeTyp/eNatural angular frequency (Matdsalcfrequency (Hz)
1 1B [1682.55 267.786
2 2B |6515.28 1036.94
3 1T [8895.29 1415.73

e from the reduced order model:

ModeTyp/eNatural angular frequency |(Matdsalcf¥requency (Hz)
1 1B ([1682.57 267.79
2 2B |6516.35 1037.11
3 1T |8897.12 1416.02

Fichiers tdl@chargeables

Libre accts

lien vers le projet Git
propos

Le rotor 4 fait partie d'un programme de recherche visant Qtudier les el3 e
d’'aubes sur le rendement et la marge de ddcrochage d’'un rotor de compres
d'’une s@rie de rotors con us avec une soliditd d’aube variable obtenue en
corde de l'aube : le rotor 3 poss@dant une soliditd en tCEte de 1.3, le rotor
de 1.1 et le rotor 5 poss@dant une soliditd en tCEte de 1.5. Les r@dsultats o
taux de compression @dtaient plus Glev@ds pour un rotor avec une soliditg e
avec une soliditgd de 1.1.

Ensuite, une autre s@rie d'essais a Jtd mende avec des soliditd en tEte ¢
rotor 8 et 1.7 pour le rotor 12. Ces solidit@ds sont modil Jes en faisant vari
conservant les mEmes triangles de vitesse et le mEme trajet d’@coulement
manitre ce que la soliditd en tCEte du rotor et du stator soit la mEme.

e Rapport technique original [(cite:janetzkel972design>Janetzke. «Perfol
second-tip-speed axial-B ow compressor rotor with bladed}lip solidity of

@TechReport{janetzkel972design,
author = {Janetzke, David C. and Ball, Calvin L. and Hager,
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Roy D.},

date = {1972},

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

title = {Performance of 1380-foot-per-second-tip-speed axial-

flow compressor rotor with blade tip solidity of 1.1},
number = {NASA-TM X-2449},
url = {https://ntrs.nasa.gov/citations/19720011348},

e Photographie

Fighttps://ntrs.nasa.gov/citationspl®220011348

e modtles t@ldchardeerbheesrs projet Git)
e rapport technique original
de la NASA (.pdf)
e3chier de paramttres gdom@triques
(.csv), utilisable en entrde de OpenMCAD][(cite:Kojtych_2022 gene_z¢
Batailly A. «OpenMCAD, an open blade generator: from Multiple-Circ
Computer-Aided Design moddée»ehOPlidre)Japolus gdndrer I'aube de
rdfdrence
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Aube de rdfdrence

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

multiples[(cite:Crouse_1969_comipaleA>Conmpader program for composing cor
blading from simulated circular-arc elements on conical surfad§]s dolnGds N
dans le rapport technique original de la NASA[(cite:janetzkel972design)]. |
obtenus avec le code en libre accts OpenMCAD|[(cite:Kojtych_2022 gene_a

GOdomOtrie

La g@dom@trie du rotor 4 est dapqrore daorsgliee depbha NessSttableaux suivants. |
grandeurs sont en pouces et en degrds.

Caract@ristiques a@drodynamiques

unit@dwaleufrs

taux de compress[en|1,8

d@bit massique| [kg/539,6

vitesse en t(Ete [m/sBh20,6
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unit@waleufrs

11%]

solidit®d en tEte [-]|1,1

allongement [-113

nombre d'aubes| [-] |47

vitesse de rotatijoad/4p75,51

Propridtds matQriau

Le mat@driau original du rotor 4 est ddB ni dans le rapport de la NASA. Un a
consid@r@:

unit@valeurs

alliage [-] |118-Ni-200-majraging

module d’Young| [GP&gl80

masse volumique[kg/m38pP0O0

coeB cient de Pojisseh|0,3

limite Blastique| [GP&al,38

Modtle CAO

Le modtle CAO est obtenu avec OpenMCAD]J[(cite:Kojtych_2022 _gene_aubes

intrados
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extrados

Frdquences propres

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

ModeTyp/lPulsation propre (rab/r®ea)ence propre (Hz)
1 1F |[1678,08 267,076

2 2F 16508,62 1035,88

3 1T (8874,56 1412,43

Aube initiale

Laube initiedet d@B nie par des paramkbttres sp@cil ques au

LAVAJ[(cite:Kojtych_2022 MethododbgyeMejtywodolD.gy for the Redesign of Cor
Blades Undergoing Nonlinear Structural Interactions: Application to Blade--
Journal of Engineering for Gas Turbines andpRi¥webtevals 1HomrtiNbdd.modtLle
de ["aube de r@df@rence. L’aube initiale est classiquement utilis@e comme ¢
proc@dures d’'optimisation; sa gdom@trie est similaire celle de |I'aube de

Frdguences propres

Frdquences des trois premiers modes (noeuds du pied d’aube encastrds),

e pour le maillage complet :

ModeTyp/dPulsation propre (ral/v@eau)ence proprie (Hz)
1 1F [1682,55 267,786
2 2F |6515,28 1036,94
3 1T |8895,29 1415,73

e pour le modtle r@duit :
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ModeTyp/dPulsation propre (ral/@eau)ence proprie (Hz)
1 1F (1682,57 267,79

2 2F |6516,35 1037,11

3 1T |8897,12 1416,02

</tabs>

Document issu de la page wiki:
https://lava-wiki.meca.polymtl.ca/public/modeles/rotor_0O4/accueil?rev=167
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