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Analysis of the Attached Vortex Model for the Flow Characteristics
of Wing Near-Field Wakes
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(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To investigate the initial flow characteristics of vortices during the evolution of aircraft
wake, a novel method for calculating the initial characteristic parameters of wakes based on the
attached vortex model is proposed to accurately calculate characteristic parameters such as the
initial wake circulation, vortex core spacing, and vortex core radius in the near field of aircraft
wakes. The near-field wake characteristics of a NACAO0012 straight wing are numerically
simulated in three dimensions using the SST k-w turbulent model. The near-field wake flow
characteristics under three aspect ratios, three angles of attack, and three freestream velocities
are analyzed. The simulated results are validated and analyzed using the attached vortex model,
and a calculation model for the initial flow characteristic parameters of near-field wakes is
established. The findings indicate that compared to traditional methods that rely on maximum
vorticity and minimum pressure positions to determine vortex core locations, the method of
determining the vortex core position and radius based on the wake velocity distribution calculated

by the attached vortex model is more accurate. The near-field wake circulation closely aligns with
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predictions from the Rankine model. By using the fitted distribution of the wing spanwise

attached vortex circulation, the average error of wake circulation calculation is 7%, and the

average error of vortex core spacing and vortex core radius calculation is 15%. The method of

calculating the initial characteristic parameters of wakes based on the attached vortex model is

more accurate and universal than the method based on the elliptical load wing calculation.

Keywords: wake flow; wake vortex field; attached vortex; numerical simulation
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Fig. 1 Physical model and external flow field region
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2 YRR T R AR A
2.1 MERER

AR SR FH R B 2 iR A5 TR Pl AT T L B TR R
PR IR TET AL B R AR A AN 4 BT R T () A B
FHiRLE LUTERE T ) = MR A0 R B, L Bt
AL IR i T SE A R i A2 e S e,
B 5 25 T M I T B2 R R B R L3R
i B SR X AL 15 A A X i AR X K
R X, B I PR A 45 3 )2 X BT A X, R
2R LUAR ) 7 250 30 X - P26 | A 2R B4 &%
R e HE AR PR I T4 3k B 3O 23 6 2 o 2 B
PR (R BT SR AN R X A
AEREVE S BRI T, R4 1R RS S AT R N O i A
J2 AT B D B SRR X, BT 3 A 2
KRNI 1 A 0 2 (B 5 TR L R AN 8T 6 TR




216 W % oz M

%59 %

B4 BEE AR B K

Fig. 4 Schematic diagram of attached vortex model
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Fig. 6 Airfoil profile and attached vortex contour
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Fig. 7 Static pressure coefficient distribution at 80% of

the wing span
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Fig. 19 Wake circulation obtained by different velocity

distribution models
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