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Work Environmental Characteristics of High Altitude Long Endurance UAV

LI De-yong, GAN Jian, GAN Xue-dong, ZHANG Qing-mao
(Chengdu Aircraft Design Institute of China Aviation Industry Group Corporation, Chengdu 610091, China)

ABSTRACT: In this paper, the lift and endurance of the world’s representative long-endurance UAV were sorted out and sum-
marized, and two typical aircraft were briefly introduced. Based on the standard atmospheric model, neglecting the influence of
regional, diurnal, seasonal fluctuations and latitude, and taking altitude as a variable, the calculation methods of three environ-
mental parameters, namely temperature, air pressure and solar radiation, were sorted out. Five areas covering coast, plateau, de-
sert, plain and other topographic features, as well as different altitudes, have been selected in china. The atmospheric environ-
ment and solar radiation in these five regions were investigated to obtain representative surface-altitude environmental charac-

teristics. The date on temperature, humidity and radiation at different heights in these five regions were analyzed. The environ-

mental parameters show obvious periodicity and regional differences.

KEY WORDS: long-endurance UAYV; different heights; air temperature; humidity; solar radiation

1 SEKMETLTAHN

KA EANA “KRUBANE TR 2, Ak
PP, MRk iige . ERITLEZOULS, [Fr
MkE T TR Sy TR s, 7EVERE b EAT AT
BRI, (05 5 ikt B, R
LIEAEHAAT NI L B EZA 40 24>, FEA 20

B : 2019-06-01; f&iTHHEI: 2019-07-21

22 60 FARUEE AT AP SURLIR, BARCZAR T
F WA BETT , (BLEVERESE AR EATBIRA KR IE S |
A3 S5 E K

e 23 AT o A AL — R A AR R A J 9% L R
RGP HER, Horp B RN A R E Y 2Rkl
BET | CRERET CRMET A, JEER T A
PER RN, DU e 3T A

ES£WE: BRAAMFALTHRA (51201157); BFAR T LHFAABASR A (JSHS2015205C002 )
EEBN: 25 (1985—), B, RHBA, Mt, TRIF, T 2T AL ITREARIT. LoMHRTE,



- 100 - kO W B TR

2019 4F 12 A

HLPAE 25 I TE AHLASEAT I ] AT BR AN el 1 77 o
1 25 RUFR BRI B4 B B 52 i JC NP R sh &5
Bt M RIS WAL L MR AR R AR
VLA o M BE W RE LA S K AR 6 52 i e A HILAS R e 47
L DUE AR R I | T L T R P R LA B el B
BisE o RAHREZ WAL B, AP
BTy, R R H i A A AT g R A R B i A
R o LRGSR, X T BN 23 KU
TN B A R R

N L [CEEERETIL > 2 R Bk
20
o _qa%eﬂif’;@éﬂe@ RQ-4 TR
}5 E Lt
16 F B/HR
E }i i ® BEE4/Global Yabhon
% 13+ TJ@?‘J/&E TP
12 |
11| EVBEHEITRIA-H
10 & DL/ /R 2871500
g G2 Y
7L Py >
61 PRI P4 /Yabhon Uni ted-40
5 1 1 1 1 1 1 1 1 1 1 1 1 I's

10 20 30 40 50 60 70 80 90 100110120 330 340
SefjiitiE)/h

K1 ERS e IC AL

(=]

1.1 £E “£IKE” XA

CRERIE” MRS E H AT R LR e
HE N A B R S KA E AT WL R G, “ 4
BRIE” J& i TS AR T A P i i JE N RAILC an
B 2 frs ), Hlim BTk 19 800 m, 1] LIFE 5500
km AN B AR IXHEZS 24 h, SEATA RARIMIEAT 5% .
TR AR REFE AN, KPR RS T 11
635 kg, HHEIZ 6600 kg, #HIMBBAMYE., €
MR KR ESL A EALE (3)RIK 354 m), T
AR PTG ER, KHLRA T VORISR
AP GEN,

MEE  1351m
lmm 354m
8 3850kg
4% 11635kg
BRKHEE 650 km/h
SCRFHR 20 km

K2 Lk AL

1.2 ZE[E“EEE" T AN

R JC ML H R e E ARG
SN RIS I 3Tk /AT ISP B S /AR IE
A 2w SEHG ORI, aniE 3 B . LS K

2719.8 m, )& 21.34 m, BAKEZHLF HYLFEA
T RIEH, 2009 4F 10 HE R K, $ATESS B
FZAE 18 km UL E W2 ®AT, SRR 30 he
et W P9 T AT IR RS IR BEENLIR Y, BRIBRE TR
& T B TR . W IR R 4T
NN

PLEE  198m
HE 2134m
S 1000 kg

2T 9000 kg
IKATERBE 370 km/h
K 556 km/h
SRR 18km

K13 “dig” JEAHL
2 BT

2.1 MESHITE

KA AN Z R MZ G R, B, Ji-ait
REMIPUR 7 PERE LY, (5 & BIHAFIR I TARIEE, 78
BE A A — L8N K o A PRBE IR AR A 5 L Y 41
BRI K | ARG R B S 4s & T R DAL
FESTHE R AR A0 T, XHREE | R
i B AT AN ML T AR R R BT R E A T 275 0 #, X T %
BRI G R PR RE R ARAT L ZEH0

PR AR R R AT SR AN A AT A 1R
REAY LR, BRI RUZ AR 21 TR A, T
— 1 E B R o MR UZ 5 AR R , I 2205
P BATHE . ZAT s A B s it
EEGEN Y GUE AR R AT /A W

288.15-6.5z 0<:z<11

216.65 11<z<20

T(z) =1 216.65+(z —20) 20<2<32

250.35x 2496608 1) — <100
89.4107

X TeWRTE, K; z WEREE, km,

mg

P(l a JaR
-—z
P(z)z 0 7, z<11

_mg

P11€ RTll

Kb P KRSIET, Pay Py NIEF-1EKSE

J1, Py=1.013x10° Pa; Py, A 11 km AR KSR

71, P11=22631.8 Pa; m N5 54y F i, m=28.97

g/mol; R ASMHEL, R=8.3144 J/(K-mol); g NI
JImE g, g=9.81 m/s*; a=0.06 K/km,

CD(h)

_ cosQ
Spn =50 fe

Xf: S, ARTUA ¢ « HEEREE b ALBR SR

1) <2 <00

< Zx



9164 A 12 2R

A KM T AL TAE IR B 4 - 101 -

SR So M ARBHHE #, B S;=1353 W/m?; £ E
BIERR, SHMEEAE, HEPER 1 MK
5 W W ZR B D(R) b TR TR R T i R B
D(h)y=pu/poo Forf, K PHERETAYTT R A B #PLE 3o
(5, I A W B S D S i i R %L €

2.2 SLMEES T

164 [EVE R N R RS TR L R VD RS
LRI S, W S AR, HEs A X
()T X — e 4 | PO e . PEvEvEE . S
FERH L VR I o KRR S PR S A TR AE, DA
AL AR 1 B LR b T - 1 2 R B AR S A B 5 0 o

W AT, 70, 50 hPa X 07 HEHR 5 BE 40 51 A
18.438,20.570 km , X i i B 5351 A -56.50 . —55.93 C.,
KRS LGN (http:/data.cma.cn/ ) 7] DAFRASHE
DX T B AR G L R BE L A R TR R B A R R
Wi, A R4S H X B9 AT . 70, 50 hPa 152 B3
BT T X TR R AESET, BTl
HEERS © AT | SR U LA K AR A B i )
Sl AR 22 Y RS RN AL B, X T B BN G I
B b DX, 3 P At ol B R A . A 2 W UL
5 S X 2 ) 20 4 R R e B Y 22 5, AT
FH AR AR 10 2 i 1 R R B R

FA XA PR 7 — AR e 5, AP
YIRS 7 A AR EEE, 1 A AEA R,
WE PR FES PO A5 BH X H S SR
HIFE 25 CAEA, MRERA 25, LRI
IRAE 0 CAEA, FELETAE -7 °C, Wit HHA S
IRIRLAET 5 °C o Fr g% Ak 11 9 <R AR T 5l A
g8, bt AR ER S AR 14 C K% -3 C,
MR AR AIRARTE 15 CLRA L, —4Edh A SRR
{UHHZE 10 °CAEAT

30 —
25 - "'/r’f "'i‘_‘:ﬁ\‘
Y/ 'I",A \
20 - v ™
o | v Y
215 - .
glo - / o x\
/ AN
}g /4?' * \* o
2 N BEE AN
ol / —e—hi "
oy —*—ﬁ% *
sl * —— ] .
o 0
-10

[ 2345678 9101112
Aty
P4 A DXl TP 24 O

TG A8 A e i U] S PR I I 22 5 (Bl 5 B
AR, SRBH L Wb IR A YRR R K, — 4R
AN R, W OO X EEAEAIE ) 83%, SRIHY
T7%0 JEZEMIHEELE 12 Ak PR EE 72%, b

JEM 1 AT LT 2 BRI R, R R SR,
4 Ak B AR 38%, ZJa g4 ETb. PipEaH
SHE L FHMTEE, HAERE 30%42 4 KEE
B, 3 3—7 AMEFA, 7 8 AmisElRmE{E 69%,
b5 9—11 HERR%, 4 H ik B E 24%. P9ZH
X AR & 2 Fn 5 2 — RS R R /e R AS , 7
65%LE AT 8, 6—9 Ayl FTHE 81%, FKIREERE
i, 2 12 AR FE K.

90

¥
-~ "‘*—""\-..'__7 "
80 g - .ﬂ"r\i"""d—'
""'-\-‘___'.__‘__,r“ *74""—q> :‘:‘
u

e 70 -
< » e ’B(
%60— k\*_ﬂi——’i/ H*?./ }‘."’. *
=
= / ./-/ X
ﬁ - —n—
40| \ :%.f q_%@ \
30| S
.._4«—”'/ ::—?iélsﬂa .\'
T2 3 45 6 7 8 9 1011 12
A%

P& 5 > DX TR X

BT 20 km 2247 93702 B AR B vy, Rl
KP4 S 2 TR, B4 50 hPa =% )2 H
SR IRIA AT T 70 hPa = B )2, W& 6 FF 7% .50 hPa
o RSB AR IE AN, TORRRGE o A — M X s
A SRAE—Eh A bR K, etz s CEA,
EARTRM X Z A R 25,

—«—37FH 70 hPa

—v—§H 50hPa  —a— $#FH 50 hPa —v— #1170 hPa
—o—E% 50 hPa  —o— RIEE 50 hPa —+— P§2Z 50 hPa
—=—FEZ 70 hPa —e— RIE% 70 hPa —~— P 70 hPa

—58

o— 8- _.-'-'D_'__D__D\\_
—60F T oo oo
_er b T S iy i
62 = H*__’_ﬂ._—ﬁ—\_._!:-‘-\.h“' !‘_’_/,C——G # N
I __/;é-v;—:/viiﬂf—ﬂ-—*ﬁ,{_
PHES Saw e
! P e
iﬁg _68 B E::uqd——'vf _,-’* - * -
Woro TR, T T
) N e
4 te— '\\ e g—
76 e ™
—or ¥
-8 | ,__‘F,fh/ '\‘-v

1 23 456 7 8 9101112
Aty

Ko TAHIX 2 PR

SV B B VA P L A S R AR e O A 3 A
B, R A 1971—1990 4ESE A, AP
FIEL 1971—2000 504, aniEl 7 Bios o FrgEH X 448
IR, 5 AMAEIEE{E 761.67 MI/m?,
AR AE 450 MI/m® 2247, B2 48 S K T s 4
S o 2 Ml X — A v A S AR A0 LA A b DX



- 102 - kO W B TR

2019 4F 12 A

K, ZE{EVTIRIT 500 MI/m?, HUF Fa G R B4 5K
ANKHRY o 5 FF L DR SR 0 Ml DX R IR, e Y

XICIE 2l . JRJE . L RRRES, AT EKF.

456.26 MI/m®, ELECH ST 5 HOEF A, .
oA b DX Aty i UL F) s T AT L AR L A 700 |-
RER SR 25 70, 50 hPa 5 ) 245 AL HEnE 8 gmm
s, AT B R B X 25 55 o L b X M 1 SR gmm
AR E A AR XS 3G, (HAR A H ek, P H SR ATk =
600 MI/m’, SEIALFAIIR, ¥R AR Ab 7 S0
K, JUHARXT R, fE—F U shiE AR, = 300 |
WREAE 77% BT, I H AU PIEE R 12, 0l
b SR AR A X P B = Y, Y H R gt
25 400 MJ/m*, HAIX KU MEaE o JE 4 Hb X AE— 00— =< 6 7 5 9 101l 1
AR AR B R, BRARARIRAE-10 CLLF, & A
w30 °C, i ELAR RS S L 52%., P B7 A X SRt
R : g ’ ’
23 . v EES ‘ * ’
E‘ﬁ [ I & E% B
W - —e—— o e
= b ' s HWHF Fe
—I10 (I) ll() 210 310 2I0 3I0 4IO 5I0 6I0 7I0 8I0 90
T SR/ C FXHRE /%
a AR b AR
hIE* 50 hPa |- [ = hrge »
HIEE 70 hPa boomeemieneen W 4
JEZE 50 hPa } * P I .
EE 70 hPa L o= = B 4
V4 50 hPa - [ — | | ) N
E% 70 hPa - Foomeeme- Prrmrem e 4 Ei ’
% H 50 hPa » )
?ﬁn 70 hPaF 1'---— e m s 1 ?ﬁu B f h
$#tFH 50 hPa [ s
HH70hPaf 1 - 4 B *
90 80 70 =0 =50 100 200 300 400 500 600 700 800
B2/ C H BSRH/(MIm?)
c EASIEE d A Mimst

B8 AU . XTI . H AIRSIAIEZS 70, 50 hPa IR 4>

ST WEE, AHIX 70 hPa /& B IR IR 2K
F 50 hPa, ZEHFMX MR, EFEE, MEEZRNR
TR 22 5 LT 0] LAZWE T v 1 4 O 2 a A 22 10 C A2
Fio 50 hPa /& B2 P HE RS E—65 CAL, &
XA ZEANZ, 70 hPa 1o B AT A0 M X 22 5 00 0

F TR H I W S R AR T, AT ANE
TR R S B, SO RFRIR AR, m &
I AR B TR T R AN TR X3 25 AV, &

PRI A v B, AR R AR AL R R AN, LR S
TR DX A [ 1 52 AN [] ) AR Ak R 34 R TR o s A b i
b DR X T8 B o e B B — 284 TR, AERS L TE
RIHLIXFE 500 hPa L b as & B K A9 Ol . Bk
K, —HEHRRE IR, 2 XIRFE 50~70 hPa [
T 25 R B JL - Y7E 10%3] 20%310 [l 1Y . 55 25 48 5t
H A Gl BB T E5 vl R R R B ) S
F A% -BIAE RS, B AR R R



9164 A 12 2R

A KM T AL TAE IR B 4 - 103 -

Bk
3 4it

B B AR M A K JC AL T BR A2 A
BF 1) A E B REVEAT T XFEE, IR A T EE R
CAERIET . SR B PAPELE . BR T IEAML
g5k . MPRHENTRIN R Ah, m s R R R K B P
RERY TR ZEANA .

HPL T FERRE RSB IRBEAET, LUK
FEE AR, R SR KIS =S5
FTHE

PEUB BRI 47 | VHRPLEE . BRVG Y | Se M 5P |
T T VA 11 A b DR R A5 0 B o b T P34 A
—AE e IR, AP ERETE 7 A A iR R i
mE, 1 A AAER. S O PR R A M XA
SRR, HASMBIREEAR /N, i Ay = A b X
25 i Ao [v0) 2R B0 B S 1 00 ) o i DX ) R X I R A
—AER SRS, 7E 4 H IR BERARE (R 40% ).
VPG R RIT B WG e, DX (18) X6 8 B A — 4 v Sl S ik, He
VUL AR O A — AR AR K, 1 AR 29K 24%,
8 Hik#] 69%. 454 50 hPa = 2 H SE SRR
BT 70 hPa B JE 2, 50 hPa &R E NEEE .
[F]— Mo X 7 25 A RRE—F AR, (HAFE
WX Z AR & 37 5—8 H i S ok,
X 25 5 00 4, U 5% A0 4R I Ab T8 KR
Bt FH A 8 S AR T AT

SE -

(1]
(2]

(3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

FEbh TEAMUM]. deat: A2z Tl ipirt, 2017.

Fok. AT ANLEEEM]. Jbat: ANRHRHL 1R
#t, 2014,

UM, BROCHS, Yupkde. AN RS KM TE AL e
SAHTI]. T ETR, 2013(11): 28-32.

RO, FhzAR. SEEE 2 KM T APLM]. Jbat:
fitas Tl ek, 2011.

BISE, BLERE. BAE RS0 AR SEIC AP KA
53, 2009(5): 26

KSR, KW, KA, . MR R XA TC AL
PR 25 ¥ 52 &5 b RERY S MR [T]. %€ 45 IR B8 T /2, 2017,
14(11): 33-36.

AT, AL IR A S O E M. dEs
Tl RAt, 2015. 4: 219-229.

SR P )E CAEIR I K LTSRS RS [D]. F
F R TR, 2016.

LG TREE R R FRAR ST [D]. A E:
BRAROAR R, 2015,

R, BT, PN, A FREAS R DA s U R R
XF I RE B 2 A RRAE (], RAE BB 4ik, 2012,
7(2): 101-107.

ELAGIB N, MANSELL M G. New Approaches for Esti-
mating Global Solarradiation Across Sudan[J]. Energy
Conversion and Management, 2000, 41: 419-434.
ANNANDALE J G, JOVANIC N Z, BENADE N, et al.
Software Formissing Data Error Analysis of Pen-
man-Monteith Reference Evapotranspiration[J]. Irrigation
Science, 2002, 21: 57-67.



