537 % 5 9 W fin == 3 12 1) Vol. 37 No.9
20224 9 H Journal of Aerospace Power Sep. 2022

X EHE :1000-8055(2022)09-1793-14 doi: 10. 13224/j. cnki. jasp. 20210415

—MAESEHKABIT N CITER
ZHEIMEARFETR

B O#', BEWRS, A kY, ox %D

(1. P 2s Tl S A BRA B b R A AT R 0F 5T A, 906 1) 4480355
2. BHEJGE ML R, dbat 1007205
3. M ERHCARAF, Fat 210016)

i B XA E A K AT (UAV) SR % T AT 45 T oK, $2 H —FhoK R A ZE mE vk
HHEE TR B A K35 2 S AILAE I 25 v S R T I8 B & Sl AL B ) 2 0 R4 0E R 8 5 58 o AR Hf U R e
AR BUR GBS TR) K S LG PR AR AL 2% B BUIE 0 s SR S 2 AR AE 555 3K, TTRE T 2R ¥R 07 S 07 ik
T, IR R Bk 2R e S R B AT S R I I RE B i SE S A SR TR T M R BB E I R R
HITE I T ATHE 45 R R W - 25 G AR /AT A B HE R G AR K K-, s i i 208 R4t R G007 %8, HEAG ¢
BTN RAT A AT AL KRR R RS R o5 A HLABTRE Y LU 26 %0 iAo

X8 W ATEAEMUK; W AT MR W KET RS

hESES: V23 NEAREE: A

A multi cycle propulsion system for amphibious unmanned

aerial vehicle with repeatable water exit

TIAN Jun', XIE Yufan®, LONG Fei', LIU Qin®

(1. China Special Vehicle Research Institute,
Aviation Industry Corporation of China, Limited, Jingmen Hubei 448035, China;
2. Airport Support Bureau, Air Force Logistics Department, Beijing 100720, China;
3. Nanjing Puguo Technology Company, Limeted, Nanjing 210016, China)

Abstract: In view of the overall scheme and mission requirements of an amphibious un-
manned aerial vehicle (UAV) with repeatable water exit, a multi-cycle propulsion system using
pump for water jet propulsion underwater, liquid rocket engine propulsion for water exit, and turbofan
engine propulsion for air cruise was proposed. According to the development status and trends of pro-
pulsion system technology, the characteristics of different engine cycles, the thrust requirements of
each stage and the requirements of multi-cycle tasks, the study of multi cycle program design methods
was carried out, and the typical propulsion system program size, mass, mission profile fuel con-
sumption quality, etc, were calculated. The feasibility of the multi cycle propulsion system scheme

and its design method were verified. The results showed that the multi cycle propulsion system
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scheme designed can meet the repeatable water demand of the unmanned aerial vehicle, in which

the energy demand could account for about 26 % of the total mass of the whole aerial vehicle.

Key words: repeatable water exit; amphibious; unmanned aerial vehicle;

propulsion system; liquid rocket engine
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Fig.1 Typical mission profile of an amphibious unmanned aerial vehicle
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Fig.2 Vehicle propulsion system size constraints (unit:m)
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Fig.4 Underwater power system design ideas
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F4 FARABESH (p=4 MPa)
Table 4 Nozzle parameters of scheme a (p.=4 MPa)

E L — WEESE AR/ MO ER/  KE/
s B mm mm mm
1 2 7.7 169.6 470.7 1 318. 00
2 5 7.7 107. 3 297.7 833. 56

R5 HARLBEESH(p=20 MPa)
Table 5 Nozzle parameters of scheme b (p.=20 MPa)

W ER/ W ERE, KE/

% WA

;g %g raw - -
1 2 24.42 75.8 374.8 409. 32
2 5 24.42 48.0 237.0 259. 20
3 2 3.01 75.8 131.6 128.9

F6 AR BEESH(p=25MPa)
Table 6 Nozzle parameters of scheme ¢ (p,=25 MPa)

ey WE MO

;i %; Jrkit ﬁim U L
1 2 28 67.8 363.7 385.10
2 5 28 42.9 230.0 243.67
3 2 3.48 67.8 126.6 122
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Fig.10 CFE738 turbofan engine outline drawing
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B it ol & sh Pl ek B Re 08 15 20 3 2 H BT RAT AR 7
LRI h s hfE it R RO EORI R L. &%
R SLIE R L 4.47 AT, 25 05 R S LI )
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Table 7 CFE738 turbofan engine parameter table

[18]

2 HfH

A RAE ) (T, #8573 K) /daN 2633

M A HE S (H=2 200 m,Ma=0. 8)/daN 651

i CHREIN % /(kg/(daN+h)) 0.379
MATFE I 2 (H=12 200 m,Ma=0.75)/

(kg/(daN-+h)) 0099

ii3aa 4.47

= B i/ (kg/s) 95.3

IENE 5.3

ST T 35

s e R EE /K 1098

B i /mm 1092

w5/ mm 1219

K /mm 2514

+ i kg 601

#8 XIH GasTurbFELER

Table 8 Engine GasTurb simulation results

%5 24 Bl
1 R/ (kg/s) 90
2 ¥t 1 /kN 0.157 8m,g
3 iR /(kg/(daN-h)) 0.0367
4 W AE Y H T AR /m® 0.307
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Fig.11 Spout arrangement method of scheme a
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Fig.12 Spout arrangement method of scheme b
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Fig.13 Brief diagram of a two-stage nozzle scheme

can be extended
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Fig.16 Nozzle adjustment scheme (scheme ¢-3)
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Fig.14 Nozzle adjustment scheme (scheme b-1)
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Fig.18 Typical mission profile of the aerial vehicle based

on four schemes
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Table 9 Mass ratio of fuel and hydrogen peroxide
required for the four flight scenarios

(programmes 1 and 2)

B Bt ZH FEL FHE2

A i J 5 % 100 100
TH R 0T & L Y0 0.61 0.61

kBB AR AL AR L 5.06 5.06
KETERE SR BT S L/ %6 94.33  94.33
J€ T} I i v B /m 100 100
JC T kA 0.41  0.41
A = /km 6 6
JeF B Bt
I8 A 1 5 A 0.8 0.8
TeF B BRI RE S /% 0.73 0.73
JEF B B /km 42.06 42.06
WAL BT IR BT S /% 93.61 93,61
it /km 3000 1500
AT B SR B S 1/ % 11,13 5.74
K25 R AT R
% 82.47 87.86
TH RGBT i/ kg 0.61
K B B T HE o 45 Ak ST 5 kg 5.06
KR A 2 RO R/ kg 82.20
€T+ IF 4 = BE /m 100
JC T I iy L i K 0.41
AT =5 /m 6 000
& T} B A B A e 0.8
JCTH B B KK S 9 € 1 1L/ %% 0. 59
JETH B Bt B /km 33.86
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= ZH TE1L FE?2 i Bz SR T3 FHE4
KL B Be T b2 A o EE/ 6 81.61 T FE S A 0 1L/ %6 0.61  0.61
AR /km 1500 HOKBYBE WAL R EEESR/% 5.06 5.06
YRI5 R 5.01 KEAEEAE AR S /% 87.30  87.30
AR AT A MEFHIF £ 8 /m 100 100
/% 76. 60 i

: TEFHIF- 1 T A 0.41  0.41

TH FE R0 o & L/ % 12.47 13.28
€Tt i Bt AT BE /m 6 000 6000

At MR EMLE RS L/% 506 10.11
AT 5k 0.8 0.8

B A/ % 17.53  23.40

D) PUAST7 RAEIR T OR o5 K AT A BB R
(¥ te i 43 9 b 17.53% . 23.40% ., 18.66% i
26.31% , RNWIAG Jo N Ay A 52 B n] 2 &2 K BE TR
e Rt R R 2 2600, AR TRAT A% BT K CE AT
L BEIR AT A AT AR BT ER AT R
TRATE BR DT SRR A8 R T H AT R BOR BOR
(W ATK) .

2) ARG T 58, Ml Ay Jo o AR A A K T
AL Cid A =0 19 B AR, 1 — sk
THEZS TR ECH 3 000 km (1 25T, 35 0 i
IRUC KOS SRR R B 7 2 38 KT 3 38 A v K
I, A B m] 8 A K JE N AT g I Y
L i A KR A S LR P RE L N AR K i
SHALLE i, A A AT A8 BE IR SR 5

R0 MO TARAERBEIEUSHRESL
(FR3MAERS)
Table 10 Mass ratio of fuel and hydrogen peroxide

required for the four flight scenarios

(programmes 3 and 4)

B Bt 24 FHE3 FEA
i If B it/ % 100 100
TEFFF 4R 25 BE /m 0 0
T€ T I i 5 5 A 0.3 0.3
et b Bt AT 725 /km 6 6
7 5 0.8 0.8

T B BERRIMIEAE S b/ % 0.96  0.96
WA BEFF AR R /% 99.04  99.04

Wi /km 1500 1000
MBI BE i b i 1L/ % 6,08 6.08
HOALE AT
92.96 92.96
&/ Y

JETFB B MRS AE S H /% 0.64 0.64

WA B R B i A bk / %0 86.65  86.65

Wit/ % 1500 1000

=W e R S /% 5,32 3.58
HOLLE R AT T

ey 81.34 83.07

THFERL I BT 1 4 L/ %6 0.61

TR IR R TR % 5.06

KB HEHE S R LG/ % 77.41

T T IT i 5 & / m 100

T IT by L i K 0.41

e T AT B /m 6 000

T8 AT bk 0.8

€T B B JR i 1 E 5 LG/ % 0.54

AT B BT 4 Bt o L/ 6 76.87

Wi /km 1000

U i e i R 1 B/ 3.18
AT S5 AT AR

sy 73.69

TH BRI R e/ Y 13.60 16.08
it WREd A E e S/ % 5.06  10.11

B /% 18.66 26.31

4 &% it
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(R e 2 EN Bl 4 WY ] i
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o TR AMERE B8 R Sl AL, 2 rh 0 SR 7 65 38 B
LA R 7 5
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AR B B 8l 1 F Gt U 58 M RAT AR A A AR A
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