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New embedded grid method for aerodynamic analyses of
tiltrotor aircraft

LI Peng, ZHAO Qijun, YIN Jiangli, ZHU Qiuxian, WANG Bo

(National Key Laboratory of Science and Technology Helicopter Rotorcraft Aeromechanics,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; To overcome the difficulties in generating high quality integrative structured
grids around the tiltrotor aircraft, the multi-block grid strategy and embedded grid method
were combined to establish a new embedded grid generation method, which was suitable for
aerodynamic interaction analyses of tiltrotor aircraft. On the basis of keeping the interpola-
tion accuracy, the whole grid system composed of the multi-block grids was used to reduce
the size of the grids. Firstly, the Inverse-Map method was introduced for auxiliary localiza-

tion, and the new multi-directional projection method was proposed to ensure the continuity
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of the hole boundaries among the multi-block grids. Then, the independent embedded grid
strategy was used in completing the combination of the airframe and background grids, and
the assistant coordinates were adopted in the identification of the background boundary
grids. Compressible RANS (Reynolds averaged Navier-Stokes) equations with S-A (Spal-
art-Allmaras) turbulence model were employed in the body-fitted region, and Euler equa-
tions were chosen to simulate the background region. In the present method, the SPMD
(single program, multiple data) model parallel acceleration technology was adopted to im-
prove the computational efficiency. On this basis, Robin airframe was taken as the numerical
example to verify the validity of the present CFD method. Then the interaction flowfields of
tiltrotor aircraft in different modes were investigated emphatically, and several simulated re-
sults (special fountain effect phenomenon in hover, special flowfield in conversion mode, and
variations of the aerodynamic characteristics of the tiltrotor aircraft in cruise) were obtained.
The proposed embedded grid method and the numerical method were demonstrated to be effective in

investigating the aerodynamic configuration of the tiltrotor aircraft, laying a good foundation for an-

LRV

alyzing aerodynamic characteristics of the tiltrotor aircraft, with the speedup greater than 5. 0.

Key words:

tiltrotor aircraft; aerodynamic interaction; moving-embedded grids;

Navier-Stokes equations; parallel computing
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Fig. 2 Grids around components of the tiltrotor aircraft
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Fig. 3 Combined grids around the whole tiltrotor aircraft
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Fig. 4 Schematic of connections of background grids

x1 MBEFSH

Table 1 Parameters of the grid system

Grid name Grid size Grid number
Wing (WD 124X 48 X101 601152
Horizontal tail (HT) 63X52X41 134316
Fuselage (FU) 81X 42X 184 625968
Nacelle (NA) 99 X 45X 81 360855
Vertical tail (VT) 63X55X111 384615
Carte 1 (CD) 31 X31X31 29791
Carte 2 (C2) 41X41X41 68921
Carte 3 (C3) 31 X51X31 49011
Carte 4 (C4) 31 X31X31 29791
Carte 5 (C5) 70 X178 X144 1794240
Carte 6 (C6) 31 X61X51 96441
Carte 7 (C7) 31 X31X31 29791
Carte 8 (C8) 51 X51X51 132651
Carte 9 (C9) 61X61X61 226981
Carte 10 (C10) 31 X61X61 115351
Background 2572969
Total 4679875




oMW ZE 0 MGAF <l TR e 3L 3 2 M AR B A i A T 3k 2149

T IR E AR RGNS TR R A&
Hal LA H S B ROA% A B RS B 5 o R A R
PUA% B LB 69. 796 3 2 T 45 45 WM 7 T 19
Y PO AL [ A% A 1 2R L RE RIE AL B A A
B SRR A LB A o5 B S L
K E] T 4506 AU e SLAIL I L WO A i 35 3 T
83. 400 . FR WL 7 A A% R G RE W PRI R AT 4% A
LA i 14 0 B
2.3 HEREMETE

B AR R TAT 5 RS 1) 23 A R AL T —
B AR W WK I 7 i - BIL B R A 22 18] R

FH DD 2R T 5 75 5% 190 A% B 22 [ SR 5 407
LB RS 59 B AR AL i B4
S T AR EINE MR .

AT Y PR R GE A 2 M ST RS B A [R] R
A% 6] R I 28 AT LA RAR ) W DL = e

1) LB R 22 18] F) i 4

G AR RS T A Wy T A Y = 2 AR B 7
I ) 5 KR /) A b » I LI Dy i i A i ] 58 4
TE P9 A% 1 P 2 () B0 D (1260 o Zp BT AR — - A
A BT TE RRS 85 P (Xp Yo Zp) 2 75 76 A HABAT
— R F B P S )N A AR I

Read grids and flowfield parameters:
Number of aircraft components, s
Number of background components, s ,

1

um. |

||||| [

v

Set grid property:
Aircraft component (15, ). M =0
Background grids (s

um 1+

S M1

v

Set max-box and establish Inverse-Map
Set connection C=0

v

| Target index: N=N+1 |

A4

Case | Case 2

Case 3

Judge the relationship
between the Nth grid and
the other airframe grids.
If the C' is true:
=1

Judge the relationship
between the Nth grid and
the background grids.
If the C is true:
=2

Judge the relationship
between the Nth grid and

the other background grids.

If the C is true:
=3

[

|

No

Establish embedded
relationship between the
arids

Yes

No

[ 5

Yes

l
|

N=S. 9
Mil

Establish patched
relationship between
the grids

A RE PR 7 kA
Fig. 5 Flow chart of the combined embedded-grid method



2150 it =

T A I A 22 R) A A A BV 06 2R 3% 2 06 R AR

HCABMER 1, AXIT -

DDy < Xp << D(2)y
{D(S)B <Y, < D)y,
D)y < Zp < D(6)y

CA.B) =1 3)
6 Ca) 25 T [ 58 38 A D) A% ) 3t PA) 28 i) 7R
R N R] DU 7 0 7 Tk R BT b A
B R B8 4 ) L AR A% . TR 6 (b)) 25 T 3 A B
FREE. MZE AT LA B E LR 5 A
FHLE CF R 5SS SRV B ERR,
SRIG s T RE w5 0 HE ff Hb 1E AT B 0T 1 B
PRl R T @ 801 Inverse-Map Sk i Bl 3 4 %]
& PAITAE N o A AT EE ST A B PAD A ) O A% ) SE Ak
FL B AE M A (Ax, Ay, A2) AT H
LR A A 14 43 B AR B AR U A T AR
T e A7 TS U] L 13 O A X6F I 52 2% 350 1 O 5 1) 1 B
AEFRIEIE ., (Ts T KO g #FH S A il (L, T s
KW Tnverse-Map [ F 345 4 bR {5 . 181 7 45 4l
T A FRAERT LY Inverse-Map [ & LA KA N 1Y 5T

D(6)

- &
x‘aﬂ-‘} = va"

(a) “'N‘FWH%HM =[] 7 P

Ioiw = 1o, (1, ], KD
Jin = Juop (1.1, K) s
Koin = Koy (1,1, ),
il 1€ (yws L) T € Ui s J )
B8 gyt 1 R R 2 VD ) SR AT H 1% A [
e T SEAIL AT I K b B R BT U0 O 1 e
AR 1 AR A R R 2 () IR HE G R
2) LB 5 SR E T
H T T 3 AL A R A 3 2 HL B AR A A
R AR E R A TS 2R E . B

(b) *ﬁ#[@iﬁﬁiﬁ%fd‘ﬁ%
K6 HRAF RS AL E s B A
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Table 2 Partition schemes

Case CPU index Grid number Grid index
1 CPU 0 4679875 All grids
0 35 11 1~C10,NA,HT
9 CPUS 35633 C C ’1‘\1 i
1 1611735 WI,VT,FU
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Fig. 15 Flow characteristics on the cross symmetrical

plane of tiltrotor aircraft in hover mode
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