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Numerical analysis for propulsion characteristics of
ducted fans in different shapes

SUN Pengbo, ZHOU Zhou, GUO lJiahao
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Abstract: With distributed ducted fans propulsion as the background, the Reynolds-averaged Navier-
Stokes (RANS) equation was solved by using multiple reference frame (MRF) and momentum source
method (MSM) with given force distribution, and numerical simulation analysis of ducted fans with
different shapes was carried out. The interaction between the fan panel and the duct wall with different
shapes was analyzed and compared. Then numerical calculation of distributed ducted fans with different
shapes was carried out. It showed that the circle ducted fan had the best propulsion characteristics, while
the square ducted fan had the worst. The propulsion characteristics of the rectangular to circular ducted fan
was between them. The existence of corners in non-circular ducted fan could induce separation of the inner
flow and generate interference resistance, and the smaller radius of the corner indicated the more
significant influence. The non-circular duct wall affected the fan inlet area and the size of the blade tip
vortex. Therefore, the ducted fan propulsion efficiency was affected via the fan panel efficiency and lip

suction.

Keywords: distributed ducted fans propulsion; multiple reference frame; momentum source;

shape of the ducted fans; propulsion characteristics
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Table 1 CFD calculation and experimental measurement

results of static tension of ducted fan
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Fig.3 Comparison of wake measurement results and those

of numerical calculation
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Table 2 Calculation results of MRF, MSM, UNST methods
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of ducted fans in different shapes

100 100
50 50
g =)
g0 £
>~ =50 >~ =50
-100 -100
-100 -100 0 100
X/mm X/mm
(a) =0 (J7) (b) =0.2
100 100
50 50
g =)
I L
>~ =50 >~ -50
-100 -100
-100 -100 0 100
X/mm X/mm
(c) r=0.4 (d) =0.6
100
50
g
£ 0
>~ —50
-100
-100 -100 0 100
X/mm X/mm
(e) =0.8 ) =1 ([Al)
U /(m/s)
70
100 60
50 50
£ 40
& _58 30
20
—100 10
0
-100 “10
X/mm 20
() IR 30

K21 AN RRE KU AT 5 mm Akl 25 53 A
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ducted fans in different shapes
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Fig. 22 Pressure distribution at the corner and the middle

section of the ducted fans
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Table 6 Calculation results of drag of duct arrays

in different shapes
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Fig. 24 Surface limit streamline and pressure distribution of the

duct arrays in three shapes

32 AESMES TR EEHSBES

BEXESCHR SR 3.1 1 AR 1R N [R] S MEE T IR 19
A A3, SR FH MRF J5 2 6Tk i A sl i T
AT TE JRURs B0, . T3 4% 1 S g T s K
B, O 11000 r/min, A K R IE
BT K B V=15 m/s, il £ @=0°, FTHA L5 R I
FT~ES8, T, Ty Ty 500 RZEE . £ 34K
B BB 7, MR R E RS SR, ne WA IE B
B ERR

THA SRR, 7611533 BN R 18 51 hr
01 B e RCRAT IR Je K, T e B0 Tk 3 W 3 T

RT V=0 m/s FIMEIRERE RSB FFEITHER
Table 7 Calculation results of the propulsion characteristic

of ducted fan arrays with various shapes at V=0 m/s

2% Jr il INE S Jr R
TN 68.634 90.596 82.935
T,/N 17.312 13.155 14.941
T,,/N 17.245 13.116 15.066
T/N 16.801 13.149 14.877
T/N 17.272 51.289 38.049
M/(N'm) 2.927 2.566 2712
o 0.560 0.843 0.730
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Table 8 Calculation results of the propulsion characteristic

of ducted fan arrays with various shapes at V=15 m/s

e ¥4 J7 i I i i 7
TN 40.071 55.694 46.795
T,/N 17.451 11.882 13.968
T,,/N 17.064 11.965 14.024
T,/N 17.423 11.972 13.949
TN ~11.867 19.874 4.853
M/(N'm) 2.892 2.492 2.652
n 0.180 0.291 0.229
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Fig. 25 Outside surface limit streamline and pressure

distribution of the ducted fan arrays in three shapes
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