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Design of test system for large-scale propeller power

simulation in wind-tunnel
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Abstract: In order to study the aerodynamic and aeroacoustic properties of a certain type of
aircraft propeller, a‘set of power simulation test system was designed in 5.5 m X4 m aeroacous-
tic wind tunnel. Taking the 300 kW high power density permanent magnet motor as the core, the
system realizedthe power simulation of large-scale propeller by matching the corresponding pow -
er supply, drive,” control, support and so on. Meanwhile the test verification was carried out.
The results showed that the speed and torque of the equipment were as high as 5 000 r/m and 573
N-m respectively, and the speed control accuracy was better than +0.5 r/min. And also it had

low noise level and good electromagnetic compatibility, and the test repeatability accuracy was
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better than 0. 000 7. The establishment of the system can effectively meet the requirements of the

large-scale propeller power simulation and further expand the low-speed aerodynamic test simula-

tion capabilities.
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Fig.2 General layout of propeller power system

3 BRI

Fig.3 Overall installation schematic diagram

3 KREEARBN

BB E 2 XU 3 36 L A 72 3 3 ] /NS AU v A
T R ORG BE R LR B R R AR R R
SR N UES 85 7 WS I R € Vs v NI 1B Y
Fo o2 i, I S R B Lk A T RE Y B T,
3.1 BYERFEEBREREDHVIZIT

B SCHR AR 1.2 nT AT H Ry sh HLE A TR
LN RN IR U IR k- R i NI E
F AL, F S A, L S LR TR SR FH K G AE
AR IR L B ML, 3 A B AL BE M BB SmCo217
AR FE A2 L S LS B — i S Y 3
fili I, SR FH 22 B el i AN 45 0 T 200 AR B T DA A2
I H K,

1) Bt bz if

HOHLH S HLEE A AC380V it B IR, % 1E 3
L Zh AL S| 4R 2 ) RS DA K L s L SR 4k 35 T
704 A O Bh kA R s LR TN
AC690V A, 2 45 RHBEAR 1~2 4 BiA% 5 2, HL
T U /1> v Bh B B8 4 ARAE

2) W2 g W s Gt

BB IbIR T 55 & 5 B WG R PGS B
R B, s L 8 B 5 581 8.5 000 r/min, {5 H,
Sl AIL T A DA, 5 R R A 6 il 2 i
IR Py i AT N R IR 3 U
B, UL A FTTA 5)

— IR A £ — BRKIL i
AL RN —— Bt sl

7000

6000 =
= 5000 =
£ 4000
2 3000
& 2000L

1000

0 100 200 300 400 500 600
EEHE/(N - m)

4 LS R e R T LR B
Fig.4 Matching schematic diagram of motor and

propeller load

P B LA BT, EE R RFE AT RE .
SAIL I BRFE 32 A6 T 40, B B, LT I .
1M S AL FEFE SR 4L, A ) A, L v 5% i 48
S, it v WO PRI R T . R 6 4% 36 i B i
%R IR E] 250 Hz, U0 320 A, BB ALK
HAAE , 8 1 B2 VR R IR S8 21 4 | [) A 35 0 1] 2
It 5 SR AL T AR A AR 1K 8 4 i AR UL T
B ShHLAE A7 P SR

LI HLAE TAE S T A BT [E A 0], 76
1 3 v AE A 8 U I 25 5| A AN R K TR B R



11

AL A O R LR T 3 KU 3l 0 B o R Gt e it 2265

A ERIRRER 05T X,
B U IR s 1T X dnk
C /NEZHESE 1 3B 17 Xtk
D BRfER i Zhis 17 X ek
ML 150 kW 200 kW 250 kW 300 kW
600 FaohA: 100kW N\ S

1000 3000 5000 7000
&34 /(r/min)

5 PR XA

Fig.5 Motor working area diagram

A, R L S LA TSR R U I S R SR AL
A LR T, R Bk P ) 2 1 PR AR TR R A Y A
TEGRA = AR IR R T o % B HLR T P
TR A RN o B L A BORYY AR AL S AL Y
1 S5 K, SR T 2 — R /N s T RE AW A 4
% riL 2l AL R 7 1 3 B0, AT fe R Sl L ) B v B O
B AT IE 5K B, /N g R W O AR S RE /N
0.1%6~0.20 [ 2% B0 FE 5 76 B 3910 i 45-b
R 73 B B ARG 1 1) 108 4D DA 4 e bR
AL AT EEE, WK 6.

I7 i i T A 3l ML 45 ] L e AR,

/NSHE
/NSH

/NS
(a) WEARAR 1) 4544

(b) B i) 2514

K6 FermmnsE

Fig.6 Schematic diagram of rotor magnetic steel

TEREE RS, R B E L #. RINEL
AEWEEE, PV BT AL
DUN By SR T I 1% S LR TR 2T 4 BX 1A
BN S, R D e R IR BRI T AR

4) BRI BTEER

ACHL S HLRCR & (9026 LL ) B 7 R ol
TE RE F- M HE A7 ¥ 10 B Al i 3 B 20K il o B s
T E T R | SR FH B s SUR e K v 45 4
PI RS ERT R RN ) e s T SR NSRS T
A EEEAT WA T,

M7 e AR a5 4

Fig.7 Spiral structure of water-—cooling

5) il 7 i

2L B AL SR Rl i) g, H A 5K Tl
TR R FH A 1 fioh Bk i 7R T 0 T A A 2 R v R 1
Bl A& AZ 7 R R A BR R T R R Tk
| —5000~8 000 N, ¥ JEF8 bR Bk
3.2 WEHEREMRMUIEITIER

AT H 9K 2 % B A ok A K A
e A B I G 32 U A IR PR 3 B O A SR A T g TR
BF 78 43 25 R A A DG JC 3 TR ) R L B IR i DA
MG PR R B L) R L

1) % A LR R = A 690 V, 50 Hz;

2) f H S = A1 0~690 V;

3) iR K 0~500 Hz;

4) HE A 590 A

5) i@ iR B 2k o Profinet J 2k ;

6) LB AILEA T Sy B4 A 1

7) BB g R A - s AR A, B ] Bl o
JFWC AR R 4 i 2l BEL ) 3h s B 3y 60 kW,
Tt J2 XU 3 35 1 P ) e rAR S [m] B T DAAR 48 7
BLHEAT e AR 1] B R) ) R



2266 it = 3

VAR S 55 36 %

8) BLAHELL I PT AT , W1 I T4

9) il & H LBy, fE L bRz i, B
I8 3 B () BF A AR R AR T R B AL i AT il R

10) X gl d% i wE e A U0 R, W 2 AH SCHEIE o
3.3 BERFIRIT

£ 4 B T Profinet #1 Modbus W 4% 52 B T 4%

Wigs ARG PLC ] R G UL LR R 48
Y A T M A, AN AS M/ P R A T OGBS Y
R FUAE A R T O B 2 B0 (EL i DL & ShER
BORAP RI CHES RO O B4 RGBT
EXINTETS AN R d N F /51 g (/e i
WA X 6 a8 A7 B AR G S B T BRL AR g —
B ARG R LA 8

Noooz - wxiatiorm (OGORONN *tiwtrere (NS SR i
s W Gt TrmdCorwt =
st [ Oron Wittt [ oo JLELLILY. [P OIUTT LI — —
were:  Ee - swon . [T @
# e i - senx e | L
. ety - [N v - i ! i
wwkas: @< |~ 7 / \
B e awias: Elc | oo o / \
] g oo JEEE o :: ol 0l mmi / \
reasn Elc | . .. — —_— 2 N\ o |
B - wmure. JEEE c =i jmi A =) i - y F’ \ TR
[ — ”_g — | —A 7 — ] | —J}»
HERWTBE BOFL 4R35 QP2 20 1"t I \' o/ N <‘ /T /)
=0 R S - . b A N i A\ ~~/ 1
TR L =~ = - R EEE| E ?P’,— h
anvtik: G o BEEEY f 1 EE N s “p
whk: D A comer WEEEY | . 5" Nt N ]
CHIH: A TN 70700 Bis | om] = )H‘,_J \ ’L-:!_L ‘Dr_" v"
bervAN ek B8 i =) - uw \ \ 1
gwae. BB c saas Elc | = — = N AN
. - 7, —_0 N
v BT = e /- e e R NN
| L B e o e A T S R e e
 RWLET BOER: - = =S A R W

8 Al EAm

Fig.8 Main interface of system monitoring

3.4 RERFKIKIT

R it T 2R 2 )3 R A
Hb /7 RS /R A5 L B HILGR A/l R R R A 1
T BN LIS 17 4R 2h W L Fegh B is A B IR 5 S
e L 14 LA R N O R b A5
3.5 EEFRBMEIT

T & AZ MK SRS, HW s Mz 75 3 5
R, W4 il 3R 46 DA R R e AR DAV R -4 55
Fo AR TIN, RAENIKLE B
T8 5 Wi b 55 22 7 THVEAR % R SR T L RE R AR
PERE -

1) FE R AR E, SR h RE 780 % &
EMC PERE

2) LRGBS AT R A AR T s B R
Gy FF B 5 /4 /IS 35 SR AR S H R R

3) AL S R bR it e Bl AL B A
t0 Bl 7 2 4 g3 i) 2 IR TR 5 15 5 4 R L
L8 E W 4 B0 45 5 8l J1 b I b 4y T, 5 X L B)
BL AR DL S RV 5 55 53 30l HE AT A R0 b 55

Z PR it R 1% 2R G R R i 2 P AR A B
B KA 7RG B B T U AR

3.6 SEHAE A MR

o T BT B ) AV B 7 R o A
T 5% N 3 K L P9/ 4 4 0 IR 371 % 8
B RGESER b TF IR T — R S 2 4
AR BETE . % 3 1 B0 R SR T R B
5 BB e 1G240 5 SR N B PL
W 3 U E A H (5 W B AL T R £ T B
3 3 P 25 e, K L 2 B ) S A
A RS S 4 L 05 Y 7 LA 3R M )
S AL T R R I TR MR 7 A 7 RS SR
8 TR 5 2 O B 2 DA 7
Sk P B 0 AN A 7 T KU L P R
T A 5 L 0/ (G /% 3o 0 £ 7 8 0 B e
I A
4 M gE MR

FEIFE T B LIRS e R T M
i LA B R 7] 088 1 32 28 107 T 0 07 20 0 RE U, 9T 4
0T R B 1 S S B B A R
4.1 iREMEEE

el O o FL 3 AL 25 2K i 4% B R /e
ML 56 R (HL o ARSI, g W T



%11 AL A O R LR T 3 KU 3l 0 B o R Gt e it 2267

TR ), v LUE H 28 3 0~7 000 r/min 5% # 4
FEl P 41 3 i 20 A (E #R A /B L B B is AT

K105 T AR 2 B0 0 (0) B 245 B0 ik 8
B S BRI OCFR . W LUA A
1 000 r/min 1 2 800 r/min B 3T i 41 3 B 28 Kk,
FEAE — 5 1 4R B G, 38 2 W0 00 W 42 Jmd 358 il R R
A LLE BIA B W 0 IR 3l , 763000 i 75 28 g ok A
XA A

1.6 — 1.6
[ e O
- alg 1'2

1.0
08 ¥
0.6
0.4
02

0
0 2000 4000 6000 8000
59 /(r/min)

B9 L iz TR )

Fig.9 Motor no-load running vibration

- 0=-5°

35 —— 0=0°
F = 0=25°

(%)
wn O

- = W
wn O

PR /(mm/s)
e

wn

0 1000 2000 3000 4000 5000
&34 /(r/min)
B 10 A2 M T S WL 30 3 B e i 2 [l 11 56 &R
Fig.10 Realtionship-between the speed of vibration and

speed of motor at different blade angles

4.2 FEE{ERE
11~ ISﬁﬁUéﬁHdTEEZJJﬁLi L) li] %
MRS BEh 22 o LR A sh PLRE AR 2 i 47 F

7 000 r/min, H 7£ 500 r/min ?U%ﬁim%@ 5000
r/min 3 Bl Y, 2 S RS BE AR T 0.5 r/min, A
FHARIEFRER ;7 000 r/min B i1 F 8E A 59 045
Tl DR, W BT e 5 e SRR R i
4.3 BHEZ

G A SRR R L A M T R IR B B L sh MLk
577 257 £, 4 300 r/min B2 €3 gk (Th R
160 kW FREE IR Ry 20 “C) iR T+ %4 . i &l 14 7]
LI, 30 min J& fe e il R EE Ry 36.2 °C L i i 58
IR BE M 59.8 °C, H¥ls TR, RIEAL T 3h

7000
6000
5000
4000
3000
P \

2000

1000 AAAJ L__}

0 200 400 600 800
i a)/s

BT SRR 5 B o7 2R 4 e o 47 ] VR ot

Fig.11 Speed range curve of propeller power system

39 /(r/min)

5005

5003 |

5001

Y 39 /(r/min)

4999 +

4997 -

4995 : L
0 5 10 15
I Hl/s
Pl 12 e 8 71 R 40 5 000 r/min 4 Ko 25 4 il il 28
Figll2 Speed steady-state curve of propeller power
system at 5 000 r/min

6998.5
6998.0
6997.5
6997.0 -m
6996.5
9960 [l IR ARy
6995.5 ! ! ! ! !
0 20 40 60 80 100 120

At (al/s
13 Mg sl 1 245 7 000 r/min F% 3 Fa 25 72 ) il £k

Fig.13 Speed steady-state curve of propeller power system
at 7 000 r/min

39/ (r/min)

B AR /SR 20 BT E S5 2, By B L2 i 47 4 4
CIETS

4.4 EMERE

I o 7 40 B A A R 0 R e AR RE R AT
Mk, & 15 FIE 16 45 H T S8 e 5 M i 8 3 54l
ATLLE Y, 0° % 1 A L Bl WL £ 28 B /)N 5 B A 2 0 A
i BE BSR4 32 W 4 K, 35722 BE A AE 4 300
r/min, 40°3 BE /1 7F 4 100 r/min B % 40 35 2] 526
N-m, P&k 5 230 kW, LN 296 A, B #i & 5
BB A T3 6] (H 2 8 3] P 2 ar 2 w28 AN
PR e 4 R gk S 4R Tt o Hb i 9 3 XU it 56 2



2268 it = s o oE W %5 36 &
70 600 3500
60 e 500 / 43000
50 F //§/ / 42500
© 40 2 400 §
af E 42000
2l I i € 300 - ,’//)'/ R
i __‘_,_.——0—-4-—’4;*4 o / 41500 &=
20 ilE i F 200
= SR / 4 1000
10 - IS4 100 M,
| —E%da - 7500
0 10 20 30
il 1000 2000 3000 4000
T3 /(r/min
B4 S HLR T I A/
S - A - N VA
Fig.14 Motor temperature-rise curve P17 R 86 r 3l L 57 4R i 1l 2
Fig.17 Motor load performance-curve of wind tunnel test
250 i
- 0=-5° 4.5 BHIEEMEE
200 - - g=0°
2 — §=25° RIGH BTGB sh bl a8 4 8 WS =
v 150 —— Q= o > =N —EA 0,
L Bl G, PR PR e TR R A T L S BL R A
R — B R e LA B (N) K 5 000
e
® 50 2 r/min N AL H M N 0 71.96 B, Ok T
R o o wan {7 W B AE L0=4% = o B e sh AL IE T 5 5
0 1000 2000 3000 4000 5000 ) . .
o 8/ (/i) HUZh AL 1.35 m (1 07 B, 3 1 o 79 U 1 15 46 45 3
E15 SR 2HE £ R Sl D % 5 vk > ) 3 & 1m {jﬁﬂ@ﬁ}fgé}ij{] 74.56 dB, {ﬁ/@ EE@JH[JEE H?ng
Fig.15 Relationship between power and speed of motor %lﬁlf?ﬁ*ﬁi .
at different blade angles
R1 EHERBHVNEAES
600 L Table 1 Self-noise of propeller motor dB
500 = -=- 6=25° . (e n/(r/min)
- 0=35°
g4m* — 9=40° H5 2000 3000 4000 5000 6000 7000
£ 300 \ 12 64.7 67.4 62.6 64.2 62.3 76.2
& 200 2% 64.4 66.9 62.7 64.7 63.7 74.5
100 ‘ \v4 3 64.9 65.9 62.6 64.3 62.8 74.0
o 1000 2000 Nooo oo 5000 4% 66.9 67.8 64.8 66.8 65.4 74.0
FE/(n/ngin) 55 639 68.2 629 66.5 64.0 75.3
P16 AR h shLEE o 4 56 22 i 2k - 6.3 692 653 674 651 741
Fig.16 Relationship between speed and torque of motor ' . . . . .
at different blade angles 74 65.9 70.3 65.5 68.7 64.4 79.1
8% 66.4 69.8 65.8 69.2 64.3 79.7
P Ho
Bl 7 HEAARAR 9% 67.6 70.4 66.9 70.5 66.8 77.2
B 17 45 7 XU a8 56 A B 5% 00 B ROIR S
10% 70.6 72.0 70.2 70.5 70.6 78.1
B 28 R £, Fh T T AR 22 B AR O 35°, KU R 30
11# 67.1 67.5 65.5 65.8 65.6 76.2
m/s, L ALEE 3 R 4 300 r/min B, HL 3 GA 2 343
12% 66.9 67.9 65.8 67.4 64.2 74.1
A, KT 5E M, ik #) 564 Nem, i 1 X 35 5
- DA 13% 66.2 68.6 66.4 67.5 63.3 72.4
2744 N, 5 S PG 1AV G, i S LR &
. e . 1 4 .5 . : .
094, ARG b B AL B AR IR R L3k 4z 661 684 645 66.0 63.6 70.4
15% 64.2 68.5 64.0 67.3 63.8 72.3

Bl ER




11

AL A O R LR T 3 KU 3l 0 B o R Gt e it 2269

4.6 RUAKKEEMRBEEEZ

WEE S Bl AL X R 58 R B Ty AR Bl g
MG R RSB AT T R R R o
WPk A B B0 . 5 T 00 o KU 50 m/s, JEHE
Aok 25° BETiE 22 % 3 Ol 4 300 r/min.

1) Rsh Sk 0 G RS % %

2RI 36 A o e 2 A FEACIR S R
e LA ML IR E L S B AT T R A AL B A
FNPL B TR BT /D)2 R B G i 2k 4 5 L
18 A& 19 (v B 4 5 ik B G 45 ) o 4% &R
oy YRR 223 B L 2, S5 R R, o 42 i
g B SR 2 BT ) R B MR T L
K 5] 0.000 7 T R FOR 35 5 0.000 09,

0.30
025
0.20
U015 F
By
K& 0.10 -=- C-00110
}? —— C-00120
& 005 - C-00130
0 —— C-00140
—— C-00150
-0.05 — C-00160
" -a- C-00170
T1500 2000 2500 3000 3500 4000 4500

5/ (r/min)
K18 I f Z A 2 e 25 1

Fig.18 Repeatability test results of tension coefficient

0.05
0.04 |
0.03 |-
o
= 002}
W —— C-00110
¥ 0.01 —- C-00120
= —— C-00130
0 — C-00140
—— C-00150
-0.01 —= C-00160
—e- C-00170
-0.12 L L " " "
1500 2000 2500 3000 3500 4000 4500

3/ (r/min)
K119 2o R 80 2 M 4

Fig.19 Repeatability test results of power coefficient

2) Rl R 0 ARG B A%

P 20 Fi L 21 43 ) 5 T S 3 P9 R R A1 T
B R OF A B (0 =0.88 m) I 45 i) 12 e 2
Rl A A A RS SR T —
B E BT RS ) . s R L,
B MR A S, Bl MR R A e R R R R

R2 BRRERSEUHRBNNRB DERYFTHR
RE
Table 2 RMSE of tension coefficient, power coefficient

for propeller model repeatability test

B3/ (r/min) C, C,
1500 0. 000 44 0.000 035
2 000 0.000 5 0. 000 057
3000 0.000 62 0. 000 082
3500 0.000 7 0.000 11
4000 0.000 96 0.000 13
4300 07000 91 0.000 13
ity 0.000 7 0. 000 09

1%8 CH T NG I — 00110 |
Do | . | — C-00120 ]
290 | . J 1 —C-00130 ]
S 80t N 1] ﬁ — C-00140 |
S 20t I\ ‘d"W :
3 W i
¥ e0r i MMJ o 1
£ 5ol C-00150 |
40.F— C-00160 1
30 | —+ C-00170 1
20 1 1 1
10/ 10° 10° 10* 10°

% Hz
P20 MEiE R A A e 7R o A P 4 2R R I P )
Fig.20 Repeatability test results of propeller aerodynamic

noise (in-jet measurements)

120 T T

L , —UA-303441

o 1007 mE — A-303442 ]
§ 80 - i :M\‘ \ — A-303443
I r / It i
H60F mem L, i
. 40 "y b ) i
20: 1 1 ‘ 1 :

10! 10° 10° 10° 10°

AR /Hz
P21 iR B M R o AT P 5 2R (i A )
Fig.21 Repeatability test results of propeller aerodynamic

noise (out-jet measurements)

W EE MR E/NT0.21 dB,
5 #& i

AR CAEVEA AN 42 5.5 mX 4 m fiit 25 75 2% KU
ROREE (1 m 2 ) CHLIRBE I s B 56 R 46
T bR AR E (SR L TR T RSt ) kT, I
BEOCHERE R LB AT T M. 45 R R L RS
SEPLT 300 kW5 000 r/min-573 N - m $2ife 3% 5K 5
BE 7, 405 B 3R 5 000 r/min, 5% /&5 % ¥ 3k 7 000



2270 fit = 3

VAR S

%036 %

r/min, % #OR BE LT 0.5 t/min, H A A B IHH
TR AR . MR E 3 KU X 5 T A M B A
J1 ZBGEH]0.000 7,2 ZEGEF] 0.000 09 < 8h
Mg 75 48 i) PR /N T 0.21 dB . RS8R T SE
LNk oo IS P R A D W R % 1 /K B b |
B K .

%R G BT E N KRR 56 ) R K R
WA B ) R G, B R B N 2 A S ) R R
HEL T 2 A TR S BN O AR Bl MR R U 3 AR LR
KL HE— 2R T E AR 2 K8 ) R AR

Sk

(1] sl . ™ i 26 e sh LAy 2 J Dy 1) 5 A (D). ey - 1 5
2014(3):106-107.

LIU Xinjian. The analysis of development direction of do-
mestic turboprop engine[J].Electronics World, 2014(3):106-
107.(in Chinese)

IR TE AN AR R B A SR s B2 BR, 2013(1):
18-22.

[2]

ZHOU Huihua. The development prospect of turbo-propeller
engines abroad[J]. Aeronautical Science and Technology,
2013(1):18-22.(in Chinese)

P - I LR T RSN o 5 N DY N | A S A i
2010.

JR/NAL, S YA SR, A5 T R A5 RS A e A
AR BUEAZ I 28 30 1 %42, 2018, 33(2) :345-354.
GONG Xiaoquan, MA Mingsheng, ZHANG Jian, et al. Un-
steady numerical simulation o[ propeller slipstream-based-on
un-structured chimera grid[J]. Journal of Aerospace Power,
2018,33(2):345-354"(in Chinese)

e 7K T T A MR 2 XTI TR A Bl 2 AR B o D Y
(30 UL Tl R 27 2431, 2005, 23(4 )44 30-4 34,

GAO Yongweiy QIAO Zhide. A new propeller aeroacoustic

—
wl
fa—

scaling law[J].Journal of Northwestern Polytechnical Univer-
sity, 2005,23(4):430-434.(in Chinese)

ST AR R R A G R B U B A ] A
B /1541, 2019, 34(4):829-837.

SHI Wenbo, LI Jie. Numerical-simulation of contra-rotating
propeller flowfield aerodynamic interactions[J]. Journal of
Aerospace Power, 2019, 34(4):829-837.(in Chinese)
VAKILI A, RADHAKRISHNAN S. Review of acoustic
measurement techniques in wind tunnels[R]. ATAA 2000 -
2204,2000.

DUELL E, WALTER J, ARNETTE S, et al. Recent ad-
vances in large-scale aeroacoustic wind tunnels[R]. ATAA
2002-2503,2002.

BAEW), ERDAE Bt A BRI I RALALEE R A5
Wi K W TELT]. AR ) SR 5 I, 2000, 14(2):44-48 .
LI Zhengchu, WANG Xunnian, CHEN Hong, et al. Experi-

[10]

(11]

[12]

[14]

[16]

[17]

(18]

[19]

[20]

[21]

mental research of influence of propeller slipstream on wing
flow field[J]. Experiments and Measurements in Fluid Mech-
nics, 2000, 14(2):44-48.(in Chinese)

EHAB A E, COLIN P B.Experimental investigation of the
effect of propeller slipstream on boundary layer behavior at
low Reynolds number[R].ATAA 2000-4123,2000.
DOBRZYNSKI W M,HELLER H H,POWERS J O, et al.
DFVLR/FAA propeller noise tests in the German - Dutch
wind funnel DNW[R].DFVLR-IB-129-86/3,1986.

SUCCI G P, MUNRO D H, ZIMMER J A.Experimental
verification of propeller noise prediction[R]. ATAA-80-0994,
1980.

WEIR D S,POWERS J O.Comparisons of predicted propel-
ler noise with wind tunnel”and flyover data[R]. ATAA-87-
0527,1987.

TR, KU, VL A5 AR TR - B 22 11 182 3 B XU 3t
B [J]. ®AT J12%,2019,37(2):83-91.

XIANG Song, YANG Fengtian, WU Jiang, et al. Design
and wind tunnel test of a two-blade propeller[J]. Flight Dy-
ndmics, 2019, 37(2):83-91.(in"Chinese)

EMEO G R, GESTINO E, PACINO M, et al. Design and
testing of a_propeller for a\two-seater aircraft powered by fuel
cells[J].Journal of Aerospace Engineering,2012,226:804-816.
BRANDT J B,SELIG M S.Propeller performance data at a
low reyniolds numbers[R].ATAA 2011-1255,2011.

AETE R UL, 2, A5 XU MR 2R 1K vl Sl WL BIR B K
JE D11 2= T A 84k, 2016, 35(11):20-23.

HUO Guo,KANG Hongming, LT Han, et al.Status and de-
velopment direction of propeller test motor in wind tunnel[J].
Ordnance Industry Automation, 2016, 35(11):20-23.(in Chi-
fnese)

SR A T S AT AR ONF -3 KU R 3 Bh J) S 86 Y
SRR AT MR 2% 5 8K , 2001, 20(4):575-578.

JIN Chengxin, YIN Diyi, ZHU Zhaoxia, et al. On real-time
data acquisition of propeller power experiment in NF-3 wind
tunnel[J]. Mechanical Science and Technology, 2001, 20(4):
575-578.(in Chinese)

TREBBLE W J G, WILLIAMS J, DONNELLY R P.Pro-
peller noise at model- and full-scale[J]. Journal of Aircraft,
1983,20(1):34-41.

TK/NK BRARAS  HU/INEE S ISR S AR B S MATLAB 52
BIMT. b 5t/ F ol A, 2015,

S IS ATV LB AL A Bl ) KU 52 5 ) R
£ LS HLAE I [T]. S B P, 2006, 39(6):19-25.

HUT Zenghong, QIAO Yi, ZHU Zhaoxia. Research on high
power density motor used for wind tunnel test of propeller aero-
craft model[J].Micromotors, 2006, 39(6):19-25.(in Chinese )
T, SR I S W K R 25 L S L T T
P[], B 341, 2006, 39(8):38-40.

YAN Jingni, DOU Manfeng, WU Zhuanfeng. Research on
rotor temperature rise of REPM synchronous motor[J]. Mi-

cromotors, 2006, 39(8):38-40.(in Chinese)

(¥R F)



