4 51 %55 2 ) [T O |/ SRS | A N N = 14 Vol. 51 No. 2
20194 4 A Journal of Nanjing University of Aeronautics &. Astronautics Apr. 2019

DOI:10. 16356/j. 1005-2615. 2019. 02. 002

LRt ZBSHTFHRBETERE

E&HWA AR & XK FEART RpEAL’
(LA E gL Tk A RA R, dbat, 1000285 2. 5 5O A ALK K28 BT HLIE S 8l 24 W R Y S =,
M, 2100165 3. E S K SR 5 &L, 4iH, 621000)

WE, AT AERNTEMABRILLIFRES> AR MAEM T ., 25 RAEERENE R &
(Arbitrary Lagrange Euler , ALE)#% i #) T J& 45 Navier-Stokes(N-S) 7 #2 K ## % 3 , £ A K S AL AL 49 Roe #& X,
BATER BRI 5 EHEMA T EABEM R Z B, AR AR, JIANC £ SRR M
BTGB P IEAAESE T L e P, &5k, 5 Harrington-2 b 4 Rk L eg BIF A ek /7 7T 5, &
Jo, AT 2m AR G BAF AW CRERATTHIE P ERBMBAFT A, BRAAALBRET
BAZRBATHEREREMRZE3IN AN AL F T A SR E5RKIBALR £ K KA SY AW R A 69 3¢
AL o or ik s TR R B A AR B A AR S R A SAR B, T AR A M S A R M Ak R A R AT R TR

BB R A,
KGR AR M B A3 T #E 7 & ; Navier-Stokes 7 42 5 #% £ W #%
HE KRS V211.52 XERFRERD A XEHS:1005-2615(2019)02-0147-07

Numerical Method of Coaxial Rigid Rotor Aerodynamic Interaction
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Abstract: A numerical method is developed to predict the aerodynamic characteristics of rigid coaxial rotor.
The method uses the compressible Navier-Stokes (N-S) equation described by arbitrary Lagrange Euler
(ALE) to solve the flow field. A low numerical dissipative Roe format for spatial dispersion is adopted.
Multiple overset grid method is used to simulate the motion of the coaxial rotor. A delta trim method is
implemented to simplify the calculation of Jacobin matrix for rigid coaxial rotor trim. First, the aerodynamic
performance of the Harrington-2 coaxial rotor in hover is calculated. Then, the hover and forward flight states
of a 2 m diameter coaxial rotor are calculated and compared with the experimental values. The results show
that, the error of the calculation result and the test value is less than 3% under the typical state, and the error
of the torque coefficient is less than 5%. The numerical method has a high capture precision for the vortex
wake characteristics of the rigid coaxial rotor, and can effectively simulate the detailed characteristics of the
complex flow fluid in hover and the low-speed forward flight states.
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Tab.1 Computational results of the upper rotor for

coaxial rotor model in hover

R 56 - W/ ORI R R/
Cr % | IMJ/ (Nem)  (N'm) %
0.007 42 0.00779 4.9 —53.84 —56.055 4.1
0.011 00 0.01070 3.0 —72.34 —74.360 2.8
0.014 70 0.01470 0.3 —104.52  —108.70 4.0
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Tab.2 Computational results of the lower rotor for

coaxial rotor model in hover

I W/ RIE IREE RE/
Cr TR % |IMJ/ (N'-m) (N-m) %
0.005 09 0.005 30 4.0 43.18 42.35 2.0
0.008 20 0.008 56 4.4 67.93 69.65 2.5
0.01090 0.011 30 4.3 94.12 97.70 3.8
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Tab.3 Settings of coaxial rotor model cases in forward

flight

Gia a/C)  0,/C)  0/C)  0L/C) 01/(C)

Case 1 4 6.54 —4.22 0.17 1.22

Case 2 4 6.67 —4.34 0.09 1.33
Case 3 —4 7.69 —3.81 1.15 2.14
Case 4 —4 8.93 —3.88 1.16 2.30
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Tab.4 Computational results of the upper rotor of co-

axial rotor model in forward flight

oA - W/ | WEE R, Rz
Cr % | IMJ)/ (Nem)  (Nem) %
0.0121 0.0118 2.1 —66.38 —69.50 4.7
0.0121 0.0119 1.7 —69.25 —72.37 4.5
0.0119 0.0116 3.3 —92.51 —96.30 4.1
0.0121 0.0119 1.0 —94.03 —97.14 3.3
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Tab.5 Computational results of the lower rotor of

coaxial rotor model in forward flight

R 5 fE . W/ RRE IRE R/
Cr % | IMJ/ (N\m) (N:m) %
0.0123 0.0118 4.6 42.86 4492 4.8
0.0124 0.0119 4.0 44.61 46.39 4.0
0.0125 0.0113 4.6 65.60 68.43 4.3
0.0125 0.0124 1.5 63.54 65.44 3.0

(d) Case4
18 LA A e ST B AR I

Fig.8 Iso-surface of vorticity for coaxial rotor model in

forward flight
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