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A universal moving-embedded grid method for CFD simulations of
unsteady aerodynamic characteristics of rotor
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Abstract; Targeting the problem on grid generation for the CFD simulation of the un-
steady aerodynamic characteristics of helicopter rotor, a highly-efficient and universal mov-
ing-embedded grid generation method was proposed. Firstly, the orthogonal and body-fitted
grid around rotor blade were generated by using Poisson equations and folding approach.
Then, considering the twist distribution and the complex pitching, flagging motion of rotor
blade, a method for the identification of hole cells named DDM (disturbance diffraction
method) was established. In order to ensure the closeness of hole envelope surface, the grid
refinement strategy in the hole-cutting procedure was improved. Meanwhile, based upon the
determination of the hole boundary, an modified MDSDE (minimum distance scheme of do-
nor element) method with high efficiency and robustness was developed for searching the do-
nor cells. On these basis, the CFD simulation method for unsteady flowfield of rotor was
conducted by solving the RANS (Reynolds averaged Navier-Stokes) equations. Finally, the
aerodynamic characteristics and location of the blade tip vortex for C-T (Caradonna-Tung)
and Helishape 7A rotors were simulated by the presented method in hovering and forward

flight respectively. The errors of numerical results are less than 5% according to the experi-

Yo #% B # :2013-10-24
EETE : FHK A RB2E4S (112721500 5 YT 3 8 B 35 22 B st T2
2 T80 A 2 K DS CLO84 —) A SR A O DSBS 00 0 2 ot £ 5.



LHER] B[ PR 4% - e AR

WA CFD KL 38 F1E 30 37 25 W% 7 12 547

ment data, and the effectiveness of the method on simulating the unsteady aerodynamic char-

acteristics of different rotors is demonstrated.
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1.2 EZHBREMBERFE

B C-O M R 595 B i 2 6] 1032 3
o5 R R 0 TR 307 3 9 B 0 B 4
ASCHREH T DDM 55 MDSDE #: il 46 £ (12 3 ik
ST T 1K » D R e T B T 25

HEAT PR A% [8] 7 1) i S5 30 7 A D A% [ 15 6L 52 k.
1.2.1 DDM #ii

DDM 20 119 & A AR 2 . DL — AR Bt
S AL Bl A I 1) WA A ) N AL AT S A 1
{1 0, 28 T 35 PAT DU A 52 4 2l 52 v 1 TR 6, 2% 1T PN R
() B 5T B S 1 BT 5 75 0 B T 2 % 3 3 A 4%
187 P98 (45 B T 80 H o & DDM 424 26 8l F
KU A S 808 PR B 44 DDML {75 7 7110 )2
U5 R A AT S A0 o DU 2 D A, 245 1 AN s A X
T 55 00 A% T 4 26 T IE AT 18 A

DDM #2055 1 5 02 i 2 1 55 kg b 1 d
PA] P 3R] 45 285 T o I A S S Al b R A 3R PR T B B A
BRI S A

ETR AN AU TR AT IR GRS TRV
1= L 0] = Jsark 1= L — Lnanc T 1 B A LN
(R GRORZ R TTI N C IS Iy sl NN I (- O A
J et 5 ) Ry 2 0E RS 0 R Oy ) 2 M R
I

aon =

55 2 A0 AR A WG TR W) B 45 T L Y
P 5 ST TE 1 5 R S BT L R X 46 BT AR I
il A0 2 i FL O GEA B ANEL 3 B ). O fRAIE R
£, 28 THT A 5 AP 24 00 0 ) 2% T L ) 2R I R A R
S HCE S AR B /N ROSE R X 490 e A0 2% T 1 Y
ROA% L HE AT R RO . O B H A N =

Ax Ay Az H ) N
[max<d1min ’dymin ’ dz i > ] - FP Ay Bys Bz ji]

086 £ 2% 1T R A% T B89 RS v » dyin » A 20
B B RS A AE sy 2 J7 B /N RGE.  4
T AR DL iR A4 IR N s B AL

85 3 L AET R A% LA TR LR TR AE ) .k
=TT ) B ME L i » Kin) R RAH (L »
S s Koo s FHREUT 055 & T7 18] [R) B0 18] S0 97 Jie— 2
WK o 4 12 T8 TR P B A Al A0 4% T SR TR S O
AL HI AN T S AR OGS 5 B 1

54 EEE (L — 1 T — 1 Kypin — 1D
il 6, 2% THI BTN R 4G BT (N 5 R BRie O 1
50D

5505 5 LUR IR T o sl o 5 s ot
C" WA E CHATED B 1. 5% Al DDM #4711
JCHY AW, BART R

D T2 Mg foniH ¢ i 0.0 T A
P2l BT 10 AR AT 2% 19 A B0 4T 0 1B BT 23 O A
T 3 FEIE . QA M ABFITHR 5o 0. 5 % AHH 48
JUART A 1 R B OCAE O T — 4 1T i e 2
FILZ— I O =C 15 O A7 FH 4B H T AR




B8 [ PR A6 « T 3 A s o AR Sl e CFD B UL B3 I Sl ik 22 A% 7 1 549

0| m|m

P03 ) df £ 4 i IR 2 45 T R
Fig. 3 Schematic of initial envelop and hole

envelop surfaces

Fomapr L]

FZIR T 2

il M

= 1t

/ o '.':‘.'

o 0 1)

L na s e ; Té
%ﬁ$ﬁ~\ 3 ;/
g

P I <

7 ?tllﬁl il

4 )RR &% TN R R R
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Fig. 17 Axial and radial location of blade tip vortex
of the Lynx experimental rotor
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