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Table 1 Population parameters of certain types of scaled
verification aircraft
Fr5 K K HLE KL iy HETE
kel | SR/ (Wikg) | TRIA/m? SN (kg/m?) (11(Wg))
A 27216 78 320000 348.9 1.18
1:3 900 8.67 8000 103.9 0.89
B 14000 33 122600 4242 0.88
1:6 100 0.92 850 109.1 0.85
C 50000 230 163000 217.4 0.33
1:6 240 6.4 800 37.5 0.33
X-47B £920215 2588 127000 228 0.63
X-47A 212678 2136 14210 74.4 0.53
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Table 2 Summary of typical aircraft engine parameters

RIS #HEJI/N Ji kg K /mm R B /mm
F135 191000 1701 5590 1295
F119 168000 1800 5160 1200
F110 142000 1778 4900 1180
F100 127000 1467 4900 1180

MS53-5 88200 1470 4850 1055
RD33 81300 1055 4229 1040
ATAR 70600 1456 5944 1020
WP13 64000 1132 4600 906
WP7 58840 1110 4600 906
R195 42170 860 2880 805
PW530 13340 279 1524 701
PW IT-15D 14210 300 1600 690
J85—-GE-21 22290 310 2972 663
F3 16370 340 1340 630
Al-222 30100 440 2512 624
Al-25 15000 312 1992 600
Fl44-1A 8450 205 1353 530
TRDD-50M 5880 130 1000 470
FI33-4A 6700 120 978 444
TIM-3 1960 46.5 864 349
TRI60 3800 47 749 330
WPI16E 1730 37 855 325
J402-CA-702 4270 62.5 753 317
MS-400 3920 85 871 316
TRS19-1 1470 38.5 564 306
F107 2900 66 1262 305
WR24 850 227 500 305
F107-WR400 2670 65 937 304
MDI120 1175 35 1290 265
F121-WR100 660 19 660 211
TJ90 480 4.8 305 152
TJ50 223 32 289 102
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Fig.1 Aircraft engine thrust length areal density
SRR R [ BE, 4 R ShHL AR R T B L3R
NER T2 IAL ) A ST g 5 B AR T 14 A B
RGBT R A8 . X L, FRATHH 3 R sh P



B e 5 maVERESE e o A DLCHE B0 2 805 b e ik

T35 BRI R A A, I SO R S LAE Ty AR T
R NP 2 s o DN 2 FRnT DL SR Y B R A
I 77 %% B Wit 2 shAILRU ST (R 38 DR T8GR, DRI o A 25 4 Wi
R ANLE X8 UL SR S HOR B peE PR

150000

— 100000

TIL*/(N/m

50000 |-

8200
[ S

0 20000 40000 60000 80000 100000 120000 140000 160000 180000 2000001
REWHEI TN

K2 Reshblie ) EAe

Fig.2 Aircraft engine thrust diameter area density
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Table 3 Comparison between the population parameters

of the scaled aircraft and the original
standard aircraft

BH AL AL
T G i %
T G % ik

L % i

I i %

i % i

et i %

i i %

e % i

3 FXItEREERRIBLEHIENE
(1) RIS T

TR LA 2, 148 T RBLIE B — B S L
f491/3, FE 2 A, 255 40 L RH LR RAS 1 R, i fb H Y
TR BN (MY (77 5 A0 35 O A Sk 42 3 Rk e S R



B e 5 maVERESE e o A DLCHE B0 2 805 b e ik

11

S5, B T2 A L0 T2 SR MR W R OFC A st A1y, 7 1
JE AR 22 AR LR T 1 B8 X TR R RE A
ENIPS (= 2ieE R TN S ISIPIES /A SR i)
55 DERUARE B LUARLL , T4 LU LAY 38 280 /N T B ERIL , DRt
TEXT S T2 B A T TR T PR — 5 iR R T+ 0 R 80 , 4
FEHL B B BT 22 U0 T IS HERIL , HLX HAt R AT MR S )
AR PRI, BT 48 LSBT 3 T2 e T
PATECRIENE RERY RN AR R G A 2l T 2

(2) 38 YRR AR LR HLFE B

X 1 R DX X 47 He G AL — BER T/ 5% L AL
B, LA R A LI ) s R B E A
IEAEA LI IR A 25 8 T X0 3B A5 9 8, T LA
EBICAC TSR ORS00, TR LR P, —
TiH S EONE LI R RA TR T X b T 1 R %K
WK BET T R Pk GRS B T R R
A RKITIE . I, 548 EEALAY 3 2 s, LR
PRI RATARZS S BT T R B AR sl ), 5 R i
I/ NG E ML B T 8 4 Bl F S i T T AR AL
I RERS (47 FEMLARATH s A THRELEE o 445 FUBILIG g 4
HLAEEREIR A I, 42 i 7T BH HE REAS (i FLPERE SR 2 I 42T
B 2 AT AR UL PR R A —E AL, Rk
TE A FH P et 52U R 78 7025 B R

(3) AL/ MR R SL A S S

IRER 1795 Th 4 23 A i] DU B, 55 AR HePL SR S 0
St AARAR S IR T o /N TR A Sl AL B A g e A g
BV, TSP BRI LA R 3 AU LB L /. 5 2
MARAS b Bl 47 LS ISR LB AR TERE Y 22 5, T AE G
T /N R Sh AL B L R At e BRI Rl B2k 4
e HER S HILHE Ty BAR TR, T 0k el N L 191, 10k 4
FEHL A SEC S RN LA DSBS H i

SEER

(1] s, BAPE VETE 45 . 4 FUBORDE R g i R AT ialae oG
BRI, 23R 1242441, 2017,35(5): 671-679, 670.
He Kaifeng, Mao Zhongjun, Wang Qing, et al. Demonstration
and validation flight test of scaled aircraft model and its key
technologies[J]. ACTA Aerodynamica Sinica, 2017, 35(5): 671-
679, 670. (in Chinese)

(2] AgJTe, XN, TRFIE, 55 A2 avir s ) B BRI kAT
I H AN T[], S B A T12#,2016,30(2): 1-7.
He Kaifeng, Liu Gang, Zhang Lihui, et al. Research progress

(3]

[5]

(6]

(7]

[8]

[10]

(1]

on model flight test of powered aircraft with autonomous
control system[J]. Journal of Experiments in Fluid Mechanics,
2016, 30(2): 1-7. (in Chinese)

ECRVA SR I O NN i A = N E R i iR e SRl
ST AT J124,2016,34(4): 77-80, 89.

Wang Libo, Ma Kun, Du Huan, et al. A mass moment of inertia
measuring and adjustment method for free-flight models[J].
Flight Dynamics, 2016,34(4):77-80, 89. (in Chinese)

TR SR BRAAET . 46 LU RRE 2 A TIG IR AR I 5 S R
BR[N], fioss TR, 2011,2(1):43-47.

Zhang Wei, Guo Qing, Zhang Yizhe. Research and outlook of
scaled models remoted control flight validation technologies
[J]. Advances in Aeronautical Science and Engineering, 2011,2
(1):43-47. (in Chinese)

JBE3RG 25 , A SRS . TCHL AR T M. dE st dE st A A R K
2 th i, 2001

Gu Songfen, Xie Sishi. Aircraft overall design[M]. Beijing:
Beihang University Press, 2001. (in Chinese)

Daniel R. Aircraft design: a conceptual Ap-proach[M]. AIAA,
1999.

AR A, i YR 46 UAERL RL R R R 8 5 I LA A
IR [I]. ®ATH12%,2003(2):34-37.

Chen Menggang, Gao Jinyuan. Similarity relationships between
scaled-model aircraft with control system and prototype aircraft
[J]. Flight Dynamics, 2003(2):34-37. (in Chinese)

ERR,XM— X455 TSI B Sh e
TR, W2 AS T RRAE B4, 2017, 32(5): 473-477.
Wang Yunliang, Liu Xiangyi, Liu Shuyan, et al. Aerodynamic
performance computation analysis[J]. Journal of Naval
Aeronautical and Astronautical University, 2017, 32(5): 473-
477. (in Chinese)

sKAFE AR E R M. J6 s R I R, 2002.
Zhang Shouyan. Free flight model experiment[M]. Beijing:
National Defense Industry Press, 2002. (in Chinese)

Brian R T. X-48B preliminary flight test results[R]. NASA
Technology Report, 2009.

TRVE SRR, T, A I FRALTI M. JE R A Tl
foitt:,2011.

Zhang Yang, Zhang Zhonglin, Yu Qi, et al. World aircraft
handbook[M]. Beijing: Aviation Industry Press, 2011. (in Chinese)



12

i 2t BEE B

Apr. 25 2022 Vol. 33 No.04

[12]
[13]

[14]

[16]

Philip W. The aircraft book[M]. Dorling Kinders-ley Publisher, 2013.
ARAENS IGENE  WIRA S 45 A A S L T M. Jbat.
fiizs Toll Rk, 2012,

Lin Zuoming, Hu Xiaoyu, Hu Songyan, et al. World
aeroengine handbook[M]. Beijing: Aviation Industry Press,
2012. (in Chinese)

SRMRSE LWL, FLMS , 45 . RG] RE AL CATRE BB 5 SR B AL 3l
F12ERE D). fias 279, 2016,37(8):2583-2593.

Guo Linliang, Zhu Minghong, Kong Peng, et al. Analysis of
dynamic characteristics between prototype aircraft and scaled-
model of virtual flight test in wind tunnel[J]. Acta Aeronautica
Sinica, 2016, 37(8): 2583-2593. (in Chinese)

KRG w2 TEANLAG LI UENL Sl ) e RS )], LT,
2010,30(6):38-42.

Song Lei, Huang Jun. The study of engine system selection for
sub-scaled UCAV flight test model[J]. Aircraft Design, 2010,
30(6): 38-42. (in Chinese)

Jan R. Airplane design[Z]. Roskam Aviation and Engineering

Corporation, 1985.

[18]

[19]

Qian Yiji. Aerodynamics[M]. Beijing: Beihang University
Press, 2004. (in Chinese)

T, mIELL /DR O LEDR AL S AL B IS D].
h R HAR R ,2015,45(6) : 643-653.

Wang Chao, Gao Zhenghong. Refined aerodynamic design
optimization of a wing with small aspect ratio[J]. Science
China: Technical Science, 2015, 45(6): 643-653.(in Chinese)
W 56 R A R 23 s J Bt R ik [ 7). Az 7l
AR, 2021,32(4): 1-7.

Zhan Peiguo. Review of American national full-scale
aerodynamics complex developments[J]. Aeronautical Science
& Technology, 2021, 32(4): 1-7. (in Chinese)

Jr ik . ALV R M. b s Tl i, 1997.
Fang Baorui. Aircraft aerodynamic design[M]. Beijing:
Aviation Industry Press, 1997. (in Chinese)

F Wb 2019 4 B FH AR LSRG ARLER ], iz L2
A ,2020,32(8): 1-8.

Wang Miaoxiang. Overview of civil aircraft’ s aerodynamic

technology in 2019[J]. Aeronautical Science & Technology,

[17] B3P =R 1M dbat b atiias i KA i, 2004, 2020,32(8):1-8. (in Chinese)

Analysis and Optimization of Key Population Parameters of High-performance
Scaled UAV

Duan Chenlong, Gong Ziyuan, Li Yan
Chinese Aeronautical Establishment, Beijing 100012, China

Abstract: With the rapid development of the domestic new concepts of layout and the urgent need for verification of
new technology currently, scaled target drones with low cost and unmanned capabilities are increasingly being used
as technology verification machines and high-performance target drones. Through the comparative analysis of the
three most critical population parameters of several high-performance scaled UAVs: wing load, thrust-to-weight ratio
and zoom ratio, it is found that the fundamental differences of wing load parameters are existed between the scaled
UAV and the original quasi-machine. Through a large amount of statistical analysis of data, the root cause of the
population parameters difference between the scaled UAV and the original quasi-machine is determined. By using a
number of formulas, this paper makes a qualitative analysis on the influence of the wing load differences on the
population performance of flight, maneuvering, cruise, take-off, landing and stealth, etc., and gives some suggestions
on the total design of the scaled UAV with different functions and mission requirements.

Key Words: scaled aircraft; high performance target drones; population parameters design; flight performance;
micro engine; power selection
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