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Investigation of the effect and improvement of blade tip clearance on the hovering

performance of ducted coaxial twin rotors

YANG Yonggang', SI Jinfan®

(a. College of Transportation Science and Engineering; b. College of Aeronautical Engineering, CAUC, Tianjin 300300, China)

Abstract: This article studied the methods for improving the hovering performance of ducted coaxial rotors under conditions

of large blade tip clearance, based on the Reynolds—averaged Navier—Stokes (RANS) equations and multiple ref-
erence frame (MRF). Firstly, an aerodynamic performance analysis was conducted on the non—grooved duct under
different blade tip clearances. The research results show that an increase in blade tip clearance leads to a de-
crease in hovering performance. Secondly, five types of groove configurations including square, circular, V-
shaped, trapezoidal, and inverse trapezoidal were designed to analyse their effect on hovering efficiency. The re-
sults show that the tip position and the groove configuration are the key factors affecting hovering efficiency.
When the tip penetrats deeply into the groove and the blade tip clearance is increased to five times the initial val-
ue, the hovering efficiency remained basically stable. The circular groove configuration delivers the best perfor-
mance, with its hovering efficiency improved by 11.1% when the blade tip clearance is twice its initial value. This
study can provide an effective approach for optimizing the aerodynamic performance of ducted coaxial twin rotors

under loose assembly tolerance conditions.
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Fig.1 Mesh of ducted coaxial twin rotors

AR S i AR R R FH H B2 A B (RNG, renormaliza—
tion group Vk—g i AR TR DL 5 X5 e s I s A9 3E
[ B i i 3t 3 2 3 (swirl dominated flow ) #5101 DA $2
P AP TR U RICR AT O TIEINRS J3E o 3T B X AR BER FHT A o
BETH pRAIOT VR , LSRR RE S AR i P
JEFNEAR S D RIE MR 12 £5 0 8%, E O 5t
S5 B A A TT 5 g T R T A G T
Bk RSB E N 2 R, Herb D Ol s

TAIE

(Wi 5t)

[—
(T A

HF)
s et

(WA
iR

>
!
i~ N

==y

i}
(i)

s

JiE

B2 BREHEE

Fig.2 Boundary condition setup
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Tab.l Comparison between experimental values and calculated

values
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BEFPLT7 1% H/% 73 82.28 12.71
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Fig.3 Initial model of ducted coaxial twin rotors
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Tab.2 Rotor parameters
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Tab.3 Duct parameters
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Tab.4 Mesh independence verification
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Fig.4 Variation of thrust coefficient and hovering efficiency with
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W% , B A ROR R MR FEAR , 2 WD/ NI AR A AT Bl T4
THRBRCR, (E 23 il 3 0 R e B0k BZ , JEHAE B3k
/NFIBRZEAET , 258 50 th BURESRL H-0 5 TeR A BE )
WG AN, B SR A BRI A, 0 T8 SN BE A [T
oA = UL AR

Pl 6 S JCTA M R Y o i oA ] o AL 6 il AR
H RTER AR IR IR, -2 b T 30 7 0 2 DY BE ) K
IR D, BIE 22, P RER AR B 5T 5 Mi7E 3
PRI ET BT, e i B2 TGS 3 1 BE R0 20 S0 i, T
Jie 3 AR ZE L , oA WAL A DS , B T e -2
ARSI b/ 925 R VR U o 7w 1 I i 3 N

2 37, 4
ﬁlﬁi*ﬂ\' o

(b)A=6 mm
Bl 6 RESMHE(LTAEIRE)
Fig.6 Vorticity distribution map (non—-grooved duct)

25 LRI, 2 1) B 0d 6 3 il OUE 3 #4 < 3h
PEREHAT B 2500, 2 R RN R 2 — B 2R
L1150 Nl O " e 1S S ) [ IS 2
Gy B ARG E PRI I, DTS2 B AR IR, 7 22
BEXTRRIRAR MBI BT 1 28 58 S ReR it T ik AT

4 HREREBENENEEHRENZIT

T RE R BALER A SR SRR b AT 18 04, T e 3 3
JINS AN B )R A BE TS VA R LA 240 f



Fa4 oW

Pk W, w2 I B R A OUE R B =k RE Y 2 M) S IS

=77 -

T BE AR SARAE T N B L B R E T SEPR3RR
(] BT o TR A 2R 14 A ) 20 ik SRR AR — 2. A
SCBAT T 5 FA A BLFEAT XS LU SE, i 7 B
3 RITIE RIE VB BRI R .

Wl WRETREE

i |

|

7 AaEREt N R
Fig.7 Grooved ducted coaxial twin rotors model

ANFVARE R R SRR 5 B, 4 T TR FIRDE
X2 RIRE Y, S s T 2 AR AR
JEFNIRIR IR L5 S8 (R AL, 3R e AR
B T BRI B ), FAEA R E] Bt T #4705
HXFLE , AP A5 S RO B AR I B i A o

x5 TREIAEMESEH

Tab.5 Parameters of different groove configurations
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Fig.9 Axial velocity streamlines and blade tip flow of square groove

configuration
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Fig.12 Vorticity distribution plot of circular groove configuration
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