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Design of target propeller slipstream under
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Abstract: For the multi-propeller aircraft with distributed electric propulsion (DEP)
configuration, a method to improve the lift-to-drag ratio of the wing was developed by opti-
mizing the propeller slipstream. A propeller design method which can obtain the target in-
duced velocity distribution was proposed. Based on the panel method, an aerodynamic pro-
gram Prop-wing that can quickly calculate the propeller-wing interference was developed. An
efficient optimization method based on Kriging surrogate model was established to obtain the
optimal induced velocity distribution and raise the lift-to-drag ratio of the wing. The optimi-
zation results showed that the larger axial induced velocity near the propeller hub meant the
larger lift drag ratio of the downstream wing. When the power of the propeller was not limit-
ed, the optimized propeller can reduce the drag of the downstream wing-segment by 18. 75 %
and increase the lift-to-drag ratio of wing-segment by 25. 63% compared with the propeller
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with the minimum energy loss; when the power of the optimized propeller was limited, the

lift-to-drag ratio of the wing-segment increased to 9. 62%. Although the lift-to-drag ratio is

raised at the cost of propeller efficiency reduction, the research still provides an idea for the

use of distributed propeller slipstream.

Key words:

distributed electric propulsion (DEP); slipstream; propeller design;

drag reduction; Kriging surrogate model

Wit 5 4 BRAT 225 oMl 1) PR R R, AL i 1 R
32 T RO R T TR T AR L R BT AR B R AT R4
P S 0 i A Bk 87 2 FE A, b ) ) 26 8 1 A
Bz G| R A ST I 2%, T A A = o
(DEP) 7€ Ak Z 8137 W A& v Je 3 o8 oy W 48 1) O i
W7oy A SO e 2 A E R ORI E T K PHAEC A
Pl SEE W Helios™ ™ R 31 K FHEETC AMLAE T T
14 A~ 8205 25 2014 AF, 36 B R KM A i R R
(NASA) #& 5 T 0 % = 2 18 e % #E 3 $2 R
(LEAPTech) ,— & 51| # v 2l #1150k 3K 3 1) /N 2
T R 1) A B AR MLE T2 L IR AE 2015 AF AT T
b T 3 5 Stoll 485 45ty DEP 1] A ok 42 &5 411
B TFR L 3 JLAE . DEP s % Pl 7 38 R K
ML L .40 Lightning Strike #1 Lilium"® , #] AF
t DEP R R T — A28 HOAR 1 H s 5L, 5
JEIAE DEP &0 1 BF 5% 38 e e = o LR FH BB
T NHL R B AR — BEEE 8] N 2800 95 A 4 5
i g 4R TR 3 AR LI A Tk BE R B R A
PLAT B R | (B BR e 2K 104 1 5 1 - 158 A 7E
BT B B B XT3k il 22 M 2 4 T Y R AT A
et RAT I AR AL B s b T K B SR R T 2
N B TR Y T ik e SR 2 SRR AR
AL 75

REZ%HWE 28 R F X — ) @8, 763X 7 16
JEFF T WEIE: Alba 4517 4 Y M5 TE 22 W 3L 19 %l [m]
A i | W e A (TR 71 R v 9 - !
T Y M A RGW A BN B 3G R T A AL
UL I T Y D e A N B LN R S G LS R S e P
BIueAs THLIR A FE I3 43 A s Veldhuis 85 i 58
T BB K 1) B 2 AV R B 1) X ML T BHLLE A
S o R BB E 4 A 5 30 X AR T — ) B L 1
EI A R AN R I A AT
] B S R # A R T 4R & L3 T B s Rak-
shith SEU 0 R S W98 K 90 A8 8 E I 1
DX P B L3R 5% 4 A8 J A R O B s 4 R i A5 A
2 R IR MRS I X HLE AT TR, &
PUAE SRR b e ) sl A T 1 KB HRL G £ RN R
0 81 A 78 T 9 S BT L A A RIS B0 s L H A

AL UL HAT LT BT A A RIF 53 30 02 4 8 i 2 A
O U A SRS LB R T R s A
A 3 7 R @ 3 I ok ik B R m RS R M H
9. BRI, 4T DEP 4 1 35, AN X 31X i K78 H
(T U HEAT B TE T RE A B R IIR B, i 4
Schnulo 7 23] X-57 & A HLE E&H 6 DE
TH W85 3, A T Ix 2w T R i 2 L3 T AR R
LRI 9 /b o S 3 /N I BHL g AR TR B, X
12 At IR e b F TARAR S &4 ok .25 W
T 1 i SRR T AE S B B, 7E B A4 TP
AN H Sl AL BIK Bl 15 R e 2K L 3k 2 iRy T ) M8
R 2T ARG T, D8/ NBE g o B IR AR P A
Ny o S (S N R ot S DAV I B/
XA] HE 3l R A A 14 Bl g B B m (HU2 E RS
W i b JEARE 15 B9 B — A~ ] R, 3 25K i
TEAS ) 1) R 2 o ot 5@ 28 1 9l 100 L 38 3k 12 A )
AT B oK, BT — AR AR SR TAE
FEAVE T QAR 3 Ao B3 R e 2 T O T AN S R S AL
92 BOR S m HL3 Bl 3R
1 BERE

R Y52 BRI A DR A R E 2 1 e B O Gk B
PR MLE TP I H Y T2 LU LA %

D —Fh AT LA H b 755 8 20 A ) IR e
BB I

2) —Fha] DL pE R S T U R W R B
Ik

3) w2 .

12 LI ML & BT B B, B3] CFD (1
SEEATARAL R AR T AR . PRI AR SR ] — Fib
THS IR i PR Bl T 3y R R A HL LAY
THH L 3 24k
1.1 BEERIRIT &

WA RE 2 1 BT e R T 4 E B RAT ARSI
N B R EOK . S IR BT T R Rk T
Fe/NBRERE R s R i, Hepperle!™ 2 4 7 — b
AT RLARAG H bR 5% 4K 43 A i SR 2 B3 I i duh



106 o= 9 o R

% 36 &

FAEEPR T — FhAT LA AG H bR B A3 A Y IR
TESE BTt 7 1 s A S5 R T T —Fhd& A AL g K
PLRYBRBE S Bt Ty i T A SCRIBTSE H 9. A

SCHR T — AT LARAT H AR5 T B2 A R e 3 5
HWITEME a. AU IELAL A 5 555 5. a AU
RS T SO R 1,

U...p, Q EAREIEE
FiR 7(P), N, a.a s ¢ > Re, M

JE B
XFOIL

BT RS R B AR

Fig. 1 Propeller inverse design method flow chart
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Table 5 Parameters and calculation conditions of the coupled calculation model of two propeller/wing
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Fig. 11 Comparison of lift distribution at different propeller cornbinations
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Table 6 Comparision of calculation results of C, and C, of wing under different propeller rotation speeds

3 N/ (r/min) G Cy
T
Propl Prop2 CFD  Prop-wing HiXHR%/% CFD  Prop-wing  #AXfiR2%/%
1 0 0 0.2934  0.3015 2.76 0.01466  0.01414 —3.57
2 3600 3600 0.2935  0.3042 3.65 0.01585  0.01452 —8.40
3 3600 4300 0.2954  0.3062 3.63 0.01605 0.01483 —7.60
4 3600 5230 0.2972  0.3090 3.98 0.01635 0.01543 —5.65
5 4300 4300 0.2965  0.3082 3.93 0.01623 0.01516 —6.62
6 4300 5230 0.2987  0.3110 4.12 0.01654  0.01575 —4.74
7 5230 5230 0.3007  0.3139 4. 40 0.01686 0. 01633 —3.17
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Table 7 Comparison of lift and drag characteristics of wing-segment with different propellers
B 12 e I
I ie 2 T R H FHL I &5 FHER IE K/pP
T/N P/W

G BE/MN Cu Cap Ca w®E/ N K RE/MN
MIL % 0.3906 0.0105  0.0039 0.0144 27.13 5.00 83.41 0.325
Optl % 0.3987 2.07 0.0121 —0.0004 0.0117 —18.75 34.08  25.63 4.99 107.69  0.316
Opt2 % 0.3967 1.56 0.0115 0.0007 0.0122 —15.28 32.52 19.88 5.00 98.08  0.332
Opt3 % 0.3939 0.84 0.0111 0.0017 0.0128 —11.11 30.77  13.45 4.99 91.02  0.338
Optd ¥ 0.3925 0.49  0.0108  0.0024 0.0132 —8.33 29.73 9.62 4.99 86.95  0.342
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Pressure contour on wing surface under the influence of slipstream
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