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Design on Reciprocating Glide Extended Range Trajectory

for Subsonic Aircraft 401 Times New
600 Times Roman
New Roman 500 Times New

WANG Jinghui,JIANG Yi, YANG Changzhi——

Roman
\( Beijing Institute of Technology, Aerospace Engineering of School , Beijing 100081, China

Abstract: A reciprocating gliding extended range trajectory scheme was proposed to increase the effective
ange of subsonic cruise missile. The models of horizontal cruise trajectory and reciprocating glide cruise
trajectory were established based on the existing aerodynamic parameters. The effective range and charac-
teristics of the two trajectory schemes were compared and analyzed. The principle of extended range of re-
ciprocating glide trajectory was studied from the conservation of energy. The influence of initial flight
Mach number, initial trajectory inclination angle and initial flight altitude on the range extension charac-

60 Times  cs of reciprocating glide trajectory was further studied. The results show that the reciprocating glide

New RS tory can effectively increase the range, and the efficiency of increasing range of the reciprocating

trajectory reaches 100.42% compared with the maximum flight distance of the conventional

norizontal direct flight trajectory. On the premise of the realization of the reciprocating gliding trajectory,

the greater the initial flight Mach number,the smaller the initial trajectory inclination angle and the lower

the initial flight altitude, the more obvious the range increase efficiency of the reciprocating glide

trajectory.

Key words :subsonic aircraft; cruise missile ; trajectory design; reciprocating gliding ; extended range traj-
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Table 1 Lift coefficient table

Cy,
Ma

a=4° a=6° a=8°
0.1 0.416 128 0.777 486 0.982 760 1.113 116 1.204 246
0.2 0.502 071 0.788 376 0.968 894 1.116 983 1.217 139
0.3  0.594 051 0.798 262 0.979 016 1.125 064 1.218 616
0.4 0.606 932 0.811 456 0.991 877 1.133 133 1.214 084
0.5 0.622 251 0.829 356 1.008 504 1.141 614 1.198 447
0.6 0.644 096 0.854 739 1.032 529 1.158 223 1.187 754
0.7 0.678 562 0.898 417 1.085 423 1.222 906 1.272 750
0.8 0.750 728 1.002 188 1.212 762 1.366 935 1.461 270

a=10° a=12°

*2 MHARECE

Table 2 Drag coefficient table

Cp
Ma

a=4° a=6° a=8° a=10° a=12°
0.1 0.072 015 0.107 958 0.145 802 0.181 800 0.227 353
0.2 0.074 133 0.109 281 0.140 115 0.179 343 0.226 620
0.3 0.084 759 0.108 925 0.140 674 0.180 864 0.229 281
0.4 0.086419 0.110 871 0.144 043 0.185 862 0.236 155
0.5 0.088961 0.115218 0.150 618 0.194 890 0.247 865
0.6 0.093 847 0.123 041 0.162 357 0.210 689 0.266 046
0.7 0.103 453 0.137 868 0.185 411 0.242 995 0.302 546
0.8 0.126 326 0.156 788 0.205 644 0.263 058 0.327 269
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bR A A U R R A B AR AROR AR ST
SRR 5 LA S At S A B B LAY
TRV RTE 5 Bl R 0 A1 A2 0 G AR 5LE 2
FRRATIRIEAR A SV [R) R AY 32 2205 T, A AR
FE RPN BRI G 24 5 AT A, 2RI &
GRS il 22 58 0 A R BRAELY bk 2 1 Sk SF- 1T,
ARG RATIE B s ATV I N R AR BR o 3
BRIMFESS AL B ACE A . — o 450 T T
B AESEC Y gk 3 TR,

F 3 PIEERIHESEL

Table 3  Related parameters of trajectory design

S KRB -l FFAE Bt Lt
Btk HRRHR FEM [ is P
/kg  t/kg /(kg'N7h-h7h /m? /(kg'm™) /(m-s7!)
1150 300 0.611 0.942 657 1.225 340
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Fig. 3 Reciprocating glide-trajectory
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Fig. 4 Comparison of the two trajectories
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Table 4  Calculation conditions of the two trajectories

- WIS RIREEE () s s
. Tkt mER Pkt gEs RE/m
1 0.55 0.55 0 -2 1 000
2 0.55 0.60 0 -2 1 000
3 0.55 0.65 0 -2 1 000
4 0.55 0.70 0 -2 1 000
5 0.55 0.80 0 -2 1 000
6 0.55 0.90 0 -2 1 000

5 OANIETLLT PIRRIE A SRR X T
Table 5 Comparison of effective range of two trajectories

under different conditions

TH KFEERIEkm  (ER WG km SRR/ %

1 298.078 552.624 9 85.40
2 298.078 572.650 1 92.11
3 298.078 579.810 3 94.52
4 298.078 590.240 3 98.02
5 298.078 592.098 6 98.74
6 298.078 599.772 0 101.21
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Table 6 Basic operating parameters

UG RAT SRR (0)  WIkERTLEBIA/ () Bk R AT R /m
0.55 0 800
0.60 -2 900
0.65 -4 1 000
0.7 -6 1100
0.8 -8 1 200

0.9
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Table 7 Flight distance of different initial flight Mach numbers

VIR RIE MR AT MR AT KATHEE
wiff/(°) 7/ m RT3 /km
-2 1 000 0.55 552.624 9
-2 1 000 0.60 572.650 1
-2 1 000 0.65 579.810 3
-2 1 000 0.70 590.240 3
-2 1 000 0.80 592.098 6
-2 1 000 0.90 599.772 0
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Fig. 8 Comparison of partial trajectories under different

initial flight Mach numbers
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Fig. 9  Comparison of velocity at the beginning of each glide

period under different initial flight Mach numbers
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inclinations
IR CAT WA AT WIR I AT
g i /m fwifa/ () /km
0.6 1 000 0 573.266 5
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0.6 1 000 -4 572.068 8
0.6 1 000 -6 571.505 5
0.6 1 000 -8 570.886 5
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Table 9  Flight distance of different initial flight altitudes

Pt W W KATHES

{6/ () et #HE/m /km
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-2 0.6 1 100 550.566 1
-2 0.6 1 200 546.167 6
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