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Abstract: Different from conventional aircrafts, the engine design of HALE UAV is affected by high alti-
tude, so it needs to consider the operation characteristics and adaptability design should be carried out ac-
cordingly. Taking "Global Hawk" UAV as the research object, the performance calculation model was estab-
lished and the thrust requirements of HALE UAV in typical mission stages (such as take—off, climb and
cruise) were analyzed. The influence law of key parameters on engine thrust was clarified, based on which
the suggestions were given to reduce the research difficulty for typical mission stages. Combined with de-

sign characteristics of AE3007H engine, the technical characteristics of HALE UAV propulsion were deep-

ly analyzed.
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Fig.1 Operational mission profile of the Global Hawk
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Fig.2 Schematic diagram of aircraft take—off process
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Fig.3 Force analysis of aircraft in the first stage of

take—off process
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Fig.4 Force analysis of aircraft in the second stage of

take—off process
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Fig.5 Schematic diagram of force change during aircraft

take—off process
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Fig.6 Force analysis of aircraft in the climbing process
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Fig.7 Force analysis of aircraft in the cruise process
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Fig.8 Influence of aircraft take—off quality on thrust

requirement in the take—off process
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Fig.9 Influence of running distance on thrust requirement

in the take—off process
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Fig.11 Influence of climb rate on thrust requirement

in the climbing process

KT 2140%.

RSB AT ETH B B X A sh b BE R M e
2 R ETE R XN B S e T 23
KA TC AL, 38 1 FEARICH 2245 bR iR H 4 Be
FHI 5 A R T LB AL AR | [ B AT DA S8R AIR
KA1 T SR R MERE
2.3.3 KR F KD

SyMERTAL, CHLIE U & siBLE 5 R AL
BT RATEE RHLTH B AT A A G, I
HROGHHE 5 SR I A A B B R 2R KL TR LE
TRATHE AN RIS C T, CALTHBE R A TR
5 RHLIE A BT, K shAIL A e T A Xl
o AL THBE L XA

A5 5 I 721 BE g 18 000 m, W8t k% Hy 0.5,
AT ]S 24 h, JHFERR I T 4 500 kg, I LA
A SR TR R

PRFFHAD SRS AR R BT, 535
913 000 kg 12 000 kg, 11 000 kg, 35453 2 1y 753K

00 L L 1 ) )
00 03 06 09 12 15 18

AT T]/10%
B2 8RB WHLE Tt A shBILE 1 7 oK A5
Fig.12 Influence of aircraft take—off quality on thrust

requirement in the cruise process

LRI Hr Rl e A AU JC A LA
[E1k g S (8P R e i = R R RS S Y B =S
WA, K S DR AR . PRI, e = K
U JC AN SL BT A, 2830 % JE R T vl 52 2L
BORIE T A FR T BE T BB T-BIMIT 1%

3 BEKMET AV HEFED T
3.1 AE3007H & sh#li&it4F =

Hh/INEY S R R 3E EL i B & Bh AL e 4230 o 4
KA TC AN AL FT K 23R E " TE LS )
SETE SR S w) G IR LL it B 2 S L
BE X A K AT IR IR A R K ek g R R
AE3007H, 1 1 2% XU 14 28l 2 5 RS0 R E
WRIEEE 2 G IR e S 3 AR IR S 4L A

AE3007H & BIHLEA LA SR

(1) E LK, AE3007H & LAY IE
KLH 5.0, 8 T AW L i i & shbl. AR BT it
T3, 34 R LR RRAR IR A A S ILFE T R A
ORI Z — ABSER T ke 2 ShAILHE R b e i
T S e R (R S TE ML R R LK), A EE
P¥ Nz Cu N,

(2) WU R ELAAIG DU e85 . AE3007H
KNSR ARG , R 1.47, 100 i R AL
14 9, 4% D HLE ik 16.30(F110-GE-129 & shiL#Z%
DML FEAL 9.41M), HLEA R 4i RO FRCR AR
B RS , Jeidi A T s KA AE T R B B A 7L

(3) Mg UK EILIR. AE3007H



46 R e g S W 5T

55344

KSR IR EE M 3 90, # b ik = AL & sh L9 8k
W, RN AE S KM AU &SPl i E
PR, IR T AR B T b/ NS i L BT
2, T MR T R AR B AR

3.2 KM AN ETEN

54 AE3007H B4 i SR SO i 28 At st
TEABLHATRIHE ST K o3 e 2 SR T, e 25 A s
TENHLS) I 7 G LR JLAS S .

(1) B RHLRAE AT 55 5 A7 et fkak
AU RS IR /e e (S A L U = W E S U LD
AL & A TIER S

AT RIS B A AT AR RS BB AL
X K shAILAE 1 75 2R il PR 2 B SRR, 4l e 4
AL & ShbL T 8, FEAIRAIE e MEE o 7 v 25 K A Tt
AT —E RO, R CRY BO & shLfE F1 1
AR M il 25 %) DR 2802 v S s i e ],
SEBRE T R AL K ML o U e
S FRVF I 0T T8 288 e L 8 T DA AR AR
RANHLAS RIE T 3K 5 TCT B B 7 75 SR 52 Wl #¢
BURAY PR Z R IE T2, X T 25 KA e AL, Al
PGB MU SE T fe beak 1] 1 SR g EA T IC T, 1 2
N LT AR B AR B 2 A PR ETH R, IR 4 B e
T T5 2, A8 RS2 A A R 19 RIS, A R AIG
KIS K

2) RAMPLEATF RSN TAEER, B
TEfR A IREE T E& 352 10 TAERUR

RGBT B, i T AT R FEIlE £, KL
i AR B 5, & shHLAfE 75 ZEHE 2 500 ~ 4 500 N
Z A BR Tl CHLE SRS, BT B LS
ML 2 T AR TR LS, DAPRIE & shbL7E 38 K HE 1 A8k
T AT AT e R R O . i Ah A IR AR
I 235 | s ATUAH DGR A50% Gl T e ) &5 & AR AR
b, TR I RS MR A%, Bk, 51%
G Rk AL L, B 23 KA A ML & ShHLAS A 56356
PR BB S I AR R B S0 )3 A
RE 1, I AE % B 2 IR T W BN I 45 14 HoApg vl
B TAERCR

(3)  EFXT R s KA TC AL B g Hb T e A
MR R TAERE S B F BRSNS
FEMR AR

e S KU TE AMLB 7 R 5 it 7 22
SR HE R P TR sk 10 DA b A
TATE L G A, D)7 6 S AT 3 T 7 R ek s i
TR R Sy ad K, SRR ShHLBT i K A R e

Bk /Iy D)2 e i e M T K HE T T SR A 00 T i
B AR TR g Rt K, Tovk AU By T A
Ko UL, T EEAEIE VSl 55 7 i T 5 %5 7% &
— e BEHGE H R IE AT EL, 40 AE3007H JiE
e R 5.0 2247, RERE R IR AT FE T R AAIK, SLAT
O & SIAILHE 0 e B v 3 B i R P —
JE HEVC g S S I R i A 0 R e o

@) o RGBS A B SO I Ty
RBETT

e R SR AR BRI 25 AL BE J7 38 AR T W
MRTIR FEUS & SR T K2Rk A shifkim %S
L WEHE | TR s BB T B2 A% A i Y
5% ~ 10% , W N B S0k BE FRAIG K sh 178 /N, &
UK E AR A 22 R eRCR . R, s K
LE TE MU & sl e 22 & AR h T ki 251k
M | APACE & s AL 25 SR e R50R o an FHF J79
KNP PRI RN | LSRR P IR 0k i 55 A
s ST AR R T B I

BUAh, 75 B FE 5 75 T T R G i A B
B EAE T, TR B RS TIREAL, LN
B T A, 4 ) 22 B TR VRSO i, SR A
WA I R R R AR L, SR8 M
1R = A, — SR R BCE AFE HE3 ndsf7™  22, — 7
T e 2 1 0 ™ A R 7 (Can A i R R AL T
SR R, I3 — 7 T e B R AT T b s e g (a3 o
190 2 B AT BE 11 55 ; R R B U &, Rl
2 fuh =28 AR H A A& s L rh R 0y A 42 fi X%
B, LA IR 2 I R85 5 B M SR A R RS
FEAmCE B TR il 2 550, Ho il X%
B ZAEF119 . PW2500 45 & shill 43300 H .

4 ZERIF

1 23 AU IO LA il PR PR I, R i £
BT YT RAAE Z Ak fee R 2 e 2 S A
PTERER A Sl S EREER s , [ 2 KA
PRRSCRRE 1o 23 AUR JC AL A Bk 15k
WRIXERNPR AR . SCrP M s A JC AHILXE 3l 7 Y fiE
Ty RAPE A, DL BRI TE AN Rlb AT T
KNP KA, TF45 & AE3007H K ZhHL
PORFERRASIHT T 28 KALI C ML Rk
P T RS KU JC AL ST 2 A Y B I
V) , ARG BEURRE S A0 3 it SRS e LRI 52 7 Dy
[SE ST P WGk PV ES a3 ks VNI

(e 55 351)



5 630

XIIE 2255 - iSRRG 2 R K WP TR 55

[19]

[20]

[21]

(23]

[24]

[25]

[26]

[27]

(28]

Marchione T, Ahmed S F, Mastorakos E. Ignition of turbu-
lent swirling n-heptane spray flames using single and mul-
tiple sparks[J]. Combustion and Flame, 2009, 156(1):
166—180.

Denton M. Experimental investigation into the high alti-
tude relight characteristics of a three—cup combustor sector
[D]. Cincinnati : University of Cincinnati,2017.

Dong R, Lei Q,Zhang Q, et al. Dynamics of ignition kernel
in a liquid—fueled gas turbine model combustor studied
via time-resolved 3D measurements|J|. Combustion and
Flame,2021,232:111566.

AP PR RR AT R, 45 R[] £ B i BE XS TG 4
WABe 3 AR K PERE B2 R[], A2 3 J1 2741, 2014, 29
(5):1062—1070.

& B MRTRR IR B 55 2 AR I eI S e i AR
Be % 1 KORB MR K R BE B2 MR ). 028 3 T 274,
2015,30(5): 1092—1098.

BE 2 OMRTRE K I, S AR R AR
PEEY R[] U2 8h 712%4) ,2012,27(10): 2229—2235.
& B RTRE R A AR e T 4 A e X A
SRR EVE B9 R (7], #0230 124, 2016, 31(3):
608—0615.

FE S8, ARFRE B, S B IR AR ZE F A X A5
JAFPERIZIIEE)]). HEFEROAR 2014, 35(5) : 675—680.
XA PRF AR BIAFAE 55, e AR —ZUie i £ fext
FAKPERERIRZ A JE T2 AR R 41, 2015, 41
(6): 1117—1121.

FRZE. SRR DU 3 55 R BR R B AT 5 (D). T

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

BH: AL R, 2010.

Neophytou A, Mastorakos E. Simulation of laminar flame
propagation in droplet mists[J]. Combustion and Flame,
2009, 156:1627—1640.

Neophytou A, Mastorakos E, Cant R S. Complex chemistry
simulations of spark ignition in turbulent sprays|J]. Pro-
ceedings of the Combustion Institute, 2011, 33(2):2135—
2142.

Mongia H. Engineering aspects of complex gas turbine
combustion mixers part I: High AT[R]. ATAA 2011-107,
2011.

W 2, X8 X E R, 55 Zr U be = TR G lé i 2
U0 AR AR RE R W ) IR BESE (). HEFER A, 2019,
40(9):2050—2059.

Wang X F. Effects of primary jet position on combustor
aerodynamic characteristics and ignition/LBO performance
[J]. Journal of Propulsion Technology,2017,38(9):2020—
2028.

Liu C, Liu F, Yang J, et al. Experimental investigation of
spray and combustion performances of a fuel-staged low
emission combustor: part | effects of main swirl angle[R].
ASME GT2016-56530,2016.

EESIE SN 19111~ W e St Y o e D Ul
KIGHERERFEDT S (D], B AT S R R 224l , 2021,
53(1): 150—157.

Gao W, Yang J,Mu Y, et al. Experimental investigation on
spark ignition of a staged partially premixed annular com-

bustor{J]. Fuel,2021,302:121062.

AT A AN A At AN At At Pt Fat At P at P At Fat P at YAl P at Falt Fat P at Fal P at Fat Fat Fat P al Fat P at Fal Fat Fat Fat P at Falt P at Fat Fat at P alt Fat P at Falt Fat Fat Fat P at P alt YAt P at Fal Fat P alt Fal P at Fat Pat Fat Fal Fat Fat Fal P at Falt P atlatvaty
A
(EHEE 46 T0)
= :
222 3LHk

(1]

(2]

(3]

MVERE, B R, BRI IR, 4. KU JC AL A
GEHEIR[I]. W /R IR bR 2= 241k, 2020, 52(6) : 57—T77.
BOgwE EH, K . m S KM AN AR K R
HURRE]. BRE R G244, 2012, 7(3): 195—199.

BAEASE. [EA  2s KAU TE AMLBh AR 1 & (0. 1k
A IREIRER S HF5T , 2006, 19(4) : 56—60.

Tk B F, BT, . TR RO R AU S R
B ALER E M 52 A TR R4 BT (D). A BN ) 2,
2003, 18(1):20—23.

FEETY. S AR A R S ALE M. R AL i A
MR KA,2002.

PPy ¥y 3T 2 (IS sh 2538 B 21 1 RAT 2% 0 H R S
¥ BB A , 2018, 46(4): 8—13.

[7]

Claucle J H.Global Hawk system and payload[C]//. Un-
manned Vehicles Conference. San Diego: 1999.

(i St/ 28 R ShHL T ) S 22 2. T3 /NS
25 RBMHLFHMI. JEAT AU Toll it , 2006.

United States Department of Defense. Unmanned aerial ve-
hicle(UAV) roadmap 2005-2030[R]. U.S.: Office of the
Secretary of Defense,2005.

United States Department of Defense. Unmanned systems
roadmap FY2007-2032[R]. U.S.: United States Depart-
ment of Defense, 2007.

U7 B TS K S ALF MM JE s s Tolk Hi i
#t,1996.

MG XIETT S0, S R T A
Rt e BB S 0], B8R AR IR S ST, 2007,
20(2):45—48.



