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Abstract

With the rapid development of modern military technology, the aircraft in the future put
forward higher requirements on stealth, flexibility, maintainability, supersonic cruise etc. However,
the existing airborne electromechanical systems are independent development, unable to meet the
demand of future aircraft design. Integrated thermal and energy management system integrates
traditional disperse airborne electromechanical systems, which is a subsystem integration scheme
has the highest degree of integration airborne electromechanical system in the world, greatly
enhances the performance of the aircraft. Therefore, the integrated thermal and energy management
system is the development direction of integrated aircraft electromechanical system in the future. But
the researches of integrated thermal and energy management system at home and abroad were
basically covered in the Integrated Vehicle Energy Technology (INVENT) program, rarely on the
designment of the integrated thermal and energy management system. In order to solve this problem,
this paper mainly focuses on the following researches:

First of all, this paper studied the functions of integrated thermal and energy management
system should have, elaborated the future aircraft requirements on the performance of the system,
put forward the working modes of the system. So the top design concept of integrated thermal and
energy management system was obtained based on the above researches.

Secondly, according to the top design concept of the system, the integrated thermal and energy
management system this article studied was put forward by analyzing the USA advanced integrated
thermal management system. And the system project was specifically elaborated. Meanwhile
working principles in five modes of the system were researched, and the system boundaries were
divided. The top design method of integrated thermal and energy management system was obtained
based on the above researches.

Thirdly, the mathematical models of the components in integrated thermal and energy
management system were built, the simulation platform of integrated thermal and energy
management system was established by using Simulink module. Meanwhile the design calculation
method of integrated thermal and energy management system was put forward, and carried out on
the system simulation platform. Though that way, the component performance parameters of each
mode was obtained, and the rationality of the system design was analyzed. According the calculation

results, the components of the system were selected. And the typical operating points in the flight
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envelope were checked. The calculation results showed that, the integrated thermal and energy
management system can meet the energy requirements of aircraft in the checked points.

Finally, reference to the assessment method of environmental control system of the traditional
dispersion airborne electromechanical system, the evaluation system of the integrated thermal and
energy management system was established, and the system performance was analyzed through the
evaluation system. Then, one optimization method of the integrated thermal and energy management
system was put forward. According the optimization method, the integrated thermal and energy
management system was preliminary optimized in typical operating points under each mode, so
that the deployment of inlet flow rate and fuel flow rate was the most reasonable, and the fuel mass
penalties was the lowest in each optimum point.

The researches of this paper can provide beneficial reference for the engineering of the

integrated thermal and energy management system.

Keywords: integrated thermal and energy management system, design concept, design method,

simulation platform, design calculation, optimization method .
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T2o/ Ta6o

(1D BOE R 46 R gaso

(12)  WEEREFRFEHIRE pres ISTHLHIREE nes SHTIREE IR nrp LA FE BT ALK

R sy VHETHE R FE AL R .
(13)  fRH#EA 4-11) FHEAER M E I E L 7e. A

— A
0= P21 — 14 (P21 — P26) /D26 —14 Pz/P26

P26 Tirc Trc

(14> H1F pa1 5 pas RHEN, Pt LA TG HUE 0 18 R R G0 h A Heds 104 B AR 0L, AX 6=1.06
et
(15)  ARIFEETHUELE AKX H por, BN (4-5) HHE 1o, FFH

Ty =g "1 /0

P31 = Tlrc " P32
Aps = (6 = 1)ps1
5 Tre 3 MAps.
(16) XS FIRA AR 1) L PR AT S BT, RP
Aps = Aprux + APrunx + Absux

(17> BEMRTF prns pazs paas pass pase WUEFEECES RAWE, WATEHTHEE 0, &
[ 13 5
(18) &5 KU R e A s S 1A Al s et ikl (4-16) 15 Tase
(19)  HEEAe (Be&ht) BEARTHRREAR S & AR IO LR Taor Taoo
(200 ARFEREE T K E T EENERRSHOT T qa6 RN qas 55 11 DAL gas
FECES, WA BN E T E qas (EIFIR A, BB 11~20 115, HE HHF AL,
QD ABEEBREBRK, A Tr=To, HX @G-D HEREADRE Do KA T 5
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10 DHTUEN Toe MHELEL, WA—BUNER % E T EIFRE, EEE 10~21 115, HE
ZEAMRT NI,
(22) IREALHASREE M, 115 T, Thos Tsio R T3 55 7 0 HOER T AHEG
B, WA—EERRE T EIFRE, EEE 7221156, BE EHMHEMF NI,
(23)  TFEIRM A EN G S IR A e AE e IR
432
e HVREEHERFEA LA TERRK: KWL=, Miish i, &t
A, MR, NS . R R TAERE, AHSSCHRION T R w4208, B

TEMWT A, 3 4.3 AR.
* 4.3 WIHEITE I SSE5%R

AT KAT B km AT DAL R HLE/AW
RENHLRE A 0 0 50
HEhEN R 0 0.7 50

AR 2 7 0.7 -90

(357520 7 1 50
IVy=SIpaL B 9 0.7 50

R G IR IR TE DA BRI AE DT USRS S 0 AT 0 B R AT SRS A o AR [l
V8 i 2 1V 2 E g 330K G AN S ¥ L T AR P Y SKW, VRV L T B AT D S0kWROL,

B LR B4R R G BTH R, IRV s . 78 S0 LA VA 10 Fo v e B Bk 43 B 38 I
B 53 L 5000Pa, 4000Pa, 3000Pal™!, HHEAH KW AU & /3 LI : ¢2.3=0.4kg/s, qar-25=2kg/s,
q40=0.2kg/s, ga=0.1kg/s, HIETTHEPHIAEGE, HITEHLHE.

433

fE Matlab/Simulink 3t P @ LEE — AU RE RS B RE VM ETHE R0 A, AR
4.2 W EER TR ITE, M C RIS E BB R GE & TR B vh BT S A5 R
BiRse . FRANURRSS B MRS 5. R4 RIE 4.4 R,
44 BT ESERYIE
(a) RENWLE IR EEFI R MR S HER

TR TE/kg s JE b GEE) BE/%
B 71imEe Tp 3 6.597 70
JESAMLC 3 6.597 80

(b) iBhEh I R A AL RE S HGR
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EIRes MiE/kg « s JEEE GEE) /%
BN I1iR%Ee Tp 1.4 8 (¥7E) 70
e INAL Y 2.288 2.019 70
JEAHLC 2.3 2.203 80
(c) AN IR I e 2R 1 e S Hk
AT R 1% PILiE/kg « s Al /kg « s
IR VR e R 2 88.0 2.4
A M A 89.0 2.288 2
A BT AR RS e 2% 90 (i) 2
(d) KPR AR S RE S R
A ME/kg » s JEEE GEE) /%
B Jiimke Tp 1.5 14 (&) 70
e SINEE Y 2.284 1.837 70
JEAHLC 2.4 2.005 80
(e) M AP g VERE S 2R
AT ds e PaLiE/kg « s Al Ekg s
IR VR e R 2 88.0 2.4
RIA AT 90.0 2.284 2
TS T RS e 45 90 (i) 2
() 1EEA R AR S ML RS Bk
HA M /kg * s-1 JEEE GEE) /%
B J1imEe Tp 1.2 6 (&) 70
e SINEE Y 2.274 1.932 70
JEASMLC 2.4 2.109 80
(g) TEMMEAIAZ MR SRR
ATy R/ % LR E/kg * 57! KL Ekg * 87!
DA VR e R 80 (i) 2.4
BRIV E e P 2% 79.6 2.274
A M A 75.0 2.274 3
A BT AR RS e 2% 90 (i) 2
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s Mig/kg s JEEE () Y%

B J1im%E Tp 0.5 4 70

MEHTTLAE H, PSRBT 90% (&) LUF, W EIEMAS AT 1% TR
VN A LR ARYE TRESERRERE, 5 B AR AR LU T3 45 RABAE 1R TAEVERE N,
HOARSCROH T R AR (sl <&, wede . ISR B S 8055 TN SR & — Ak
[RERE ARG IER N ZSE

SGE R AYREEE A GUE S TR AT MBS T A R R 4.5 P, RS
A DA R A S O] RS 4 28 A PR RE SR R KA T 53 P A 2o BRARAE A N AR SR AR 8
%S CYAT S8R, BT RGE AR AT CBRHIEELEEDN 330K, FRAIR 1 XUB
BRI TAH, A PERE T SRR FRAR, AN B LA AT R PR R 1
UTREAR KRR L B3R TT R Geh v &, (BRI B B A AR, BRI L B2 A ek i FLA PR FE
FE AL LML T 74 0V 4SBT DAE RAT DR b B 78 70 7% 18 AR 4 0 AR 2 DA XU JeR 1 3
ORISR 1 2 A B0 R AN R AR IR

R 4S5 BRI A HA R SR

SR e B sl JA R A E dif A5 2
XU R TE P AR ROR 88.0% 88.0% 80%
R4 EN P B AR — — 79.6%
IRE PR Ge RR 89.0% 90.0% 75.0%
4.4 /

& 4.4 PronsiiHtEH R RTHE SR, WG R RVREREE ARG A LS. 3T
Fe Ml TR S 5 AT AR AT IR A, AT AR GE BT e 2 I I AT B s B 1) ik dS A e At
2.

AL B R G A s — ORI R 22 U A, A AR AR A s R A 5 sl s ),
ARV R R IS ety . ASHAR R ANER 4.5 P, WA 0 H S T B Y, i
JRUR TR A R AR A T AE = AR U N AT I 3, AR A BT HEARAR R, B IS e
AR, T B RGN EIE B O F K, # s T B A RN, BRI KL RE,
Fir AASSC DL AR A #8526 TARBET R RR 0 95%AF Wk € IS H AR R, AR Z 1)
Rik,

HoAl B ERES B BT AR IR, 7 248 K, 25 9% TARBR T I TERES B, A
fEZhiRik. 2 B, REEHAVERESEINE 4.6 .

* 4.6 HFERTITERES HIR
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(a) AALHRATERES BIIR

AT dn EID h i E/kg » s AR /kg * s
TR R T e T 2 80 2.4 10
BRIV EN e P 2% 83.6 23 3

RIA A 85.5 2.3 3
TR BT RE P T He 2 90 2 3

(b) ImEAE SN RES H 3R
TR Mm/kg sl JE Lk R %

B J1im%Ee Tp 1.5 13.3 70

R SINEE Y 2.274 1.92 80

JESMLC 2.4 2.09 80

4.5

FARERAF G RS R dy oAl Rl 22 58 1, A E RAR A 4

4.5.1

44

/

W ESCTR, ZRE R RERE B R GAE A R TARIRGL A A AR
THEARRE, AT LS AR 2 R A0, ARG — Ry R 2
FTH AR .

1. FHSRARR S LR 25 A

NFTHS, R B

1)
2)

BT EERKEATE, I HEEERERN, SO E
PG EE SN, B ETER LA

FERBBT, BOPRE TR EMB L

1)
2)
3)
4)
5)
6)
7)
8)
9)

RHLE AT R b A0 RAT AR Ma:
PERIRII S TT pos

R SR
ROHeRittil

@Fﬁﬁ/ﬂﬂg Ta @%Eﬁ Pas @E)\@ﬂﬁ%fﬁﬁ:é\ﬁki da> ?}?\t@jﬁ‘ﬁ Qa;

WHRMIREE Ty, WRAE po, BT O
NIk R prps

PRI LG & grs

1 [TTFHFEE o1

HL A HI R T A & Oes

BRI A H AT NS HL ger T



FA AL R R S A 2 150

10) ML ke MAbes . AAZHas KR 15 S 4 R SRR PR 2k

2. WHEAER

(o)

A
RITRE
RYRRE/FELE
PR/ % AR R
HS IR RE S B

ERCAuNE 23

‘ FE1IRMTHE OS5 ‘

HEIT SRR H

(/ 4R \1
\ %
139, EINBIRES

539, 46[®[TTTE

| sormBROsH

i+ A3 1T &

Y

Qa3=q'a3

. WA B \

RSB

HEESNUGEHR

HE R IR A
WA LRI ITSH

| s R OB |

<>

WHERTE <

TS AR OB

&
[

e

B RAGRRE €

‘ﬁﬁ&ﬁﬁ%%%%mu}

> HHARRH D2 |

K 4.7 BAZIETH S IZ R A

3. i EEE

(1 AR TR T S AR IURSIUE SR E RS 4L BRI R Gt 0 2

B po (Pa), To (K); pi=po, Ti=To» q1=qo;

45



WL E R RE R B AR ST BT

(2)  HE 1 RITBCEFEEB SRR Apia,  pr=pi- Apro;

(3> WIE 3R g3, WIS XEERTIEE py, = Ty HREESHE AR EHA
pe=p3» Te= T35 q6=q3;

(4) RIS R E N IS8 pr, T, g

(5)  HEEESELRETEA ps=pr, Te=T1 =g

(6)  ARHESN R EC R i 2 it S5 R A NI O S R, IR iR R B A T R e e 1
T To, R ERA ) W

(7 RE3GE g3, KUK g3 55 3 DR HER g3 HELEL A —BOWEFTBOE 3 I
A, EEH3I~T7HE, HEZEHEHEMF NI

(8) RIS EEHEY, 17 38 pirs Tirs qios 17 WAL K ST 28, AR3E&
THETHR L E 40 T R EREE pis, Tis= Thrs qis= qins

(9)  WIE To M ga1, WRIBIEEEEHAEATTH pro, Tior qros HIBTESFHE M RE R ST IHA
P20=p19» T20=Th9s ¢20=q19;

(10> FRHE ARV Ze vt S50 AU B S8R, AR I AL BT R R Sl 1 2
Hpas Tos quis FFHEIESHEFELD Wes

(D WHFESTEEREETEA po= pr, To=Tu, qn=q; HRFRIE AR,
TH AR X Vo T AR 03 L R B, AR S B B R AT SR LG tH 23 posy Tos,
go3: [FIFTHRAR BRI AR AL S8 poay Toas qoas

(12> Vg BT 43 R g3, HRYE 0 XUETE R TR 25 28 pas, Toss goss

(13)  BOERW AR IR T, HESE gao=gs1, RIS TR It
HITZ 8 pasr Tasr qass

(14> FRYEH| P Fe R dh 2t SR e S IEZIK B S 803, ARF e ke B T o B et
S8 pr> Tors qors FHTHEIREART) Wres

(15)  MRAEThFP4r, THRESH ERE.

(16)  HWMFETHELRETEA ps= prr Ts=Trr qs=qotqr; BRI HAH E T
A AR A OS5 pres Toos oo

(A7) RS SEELBFERE 30 28 pso,  Tsos

(18) MR HGBHCARRIT R 31 28 par, Ta, KW T3 55 9 B AEn 73 ML
B, A—BIE G E T (EIFRE, HEE O~18 1MH, HE _FHMALL.

(19) WIS EERAERE 31 MR g3, KA g0 55 9 B HUER g5 AHELEL
WA SO E B E g HIFIREI, EEE 9~191HE, HEZFHMFAF NI,

(20) 5 EBHEAERE 35 38 pss, Tss, qas, HAERSFEA Tu=Tss, AR E
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P T 2 PR K S 2 A8 S
FMRBCFERY, THE BRI R qaos A PEMEIE R qao= g3s- qaot qaar  HHEERGEUF L
RAH SRR AR TR Tuos
QD) HEEESEA To=Ts, RICEEEHAEAT IR R 43 & g, R
(K] gas 558 12 B FIUE I gas HELLAS, WA —BOWE RN € qas (IR ], EH L 12~21 115,
HAEHMET AL,
(22)  WES EEHCEAL, 1H5 43 S8 pass Tazs qas, HHRSFE X GE B STIEA pac= pas»
Ts6=T43> qa6=qa3;
(23)  MRIBICEEERRTHE 47 28 pyr, BRI IECAAR RS 46 1R1TTITE dae:
(24)  WRIEICEEESR I 41 28 pas T qur HS XEBHEEBERTHE 38 24 pss,
T8, q3s;
(25)  MRAEK B EECERT 5 37 S8 psrs Tsrs g37, BAESTHE L BERE SFIEE pse= pa7,
T36=T57, q36=q373
(260 HHIRITHEFRATE 35 WRITTHFE O35
(27) M XEBHEAAERIT S 39 250 pao, Tsos g30, IR 1A 5 39 1T THFBE 630

452

N TGS A AVRERE B ARG 4 TN 2 WLRER R, HitH
A FEB, FEFMALRS ST, BRI R R 1R 3.2 W LRE Ry
RERE B AN TAR IR BT S AR AL b, oM RGHE WL ITRANIM T/RE, Wk 4.7
fios, fiafs WWIHLENUE R G288, [BRGRE - AURVREREEEASES TR
2k S RDIRES R
® 47 ge—HUEAVREEHAGES UTUL L TERS

A ATIRS i P Y%

. } KEHLIEZ) 0 0

KA .

TR LR 9km PLF 0-1.8

Hiv i 4B 0 0

HBhzh SR G 0-7km 0-0.7
ek % 0-7km 0-0.7
IS AR 2 S 3-18km 0.6-1.8
((E57 53N PRk 3-18km 0.6-1.8
ISSIpAL S T REHLME 9km LA I 0-1.8

S FILE AT IR T A AT s B S SRR OE 9 0-18km 0-1.8 FUEHI A, fEEES AT
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Fb AR SRR b, RR LRI 00, R TR F RGBS (R
SRR RIS TARRIL. A LR R GRS I TR, £ B8 PRE (5
B THHO WEERER GRIAR. mAD RALRIE CREBLEUR IR K.

I 4T RATLE 4 U T REURENRAR, R DHE0 N 0. REMTR
AHEEER: 2B okm BLF ERAMEIEE, RALTRDIEDHRR, RERER
BEHiBE, TERAS T RS RRBE WATRA AL, (EJE RGEHE CL R R MR B CAT R R
TN, BE AT TR R TN, 0 6 R IR TR HOR R % TR FENES
BT AR B i 8 B 28 R R R 25 4.

TN TG R, B R RN 0, REAFHE R, M LR
CRIERIRAS T, LA R S A R R B TR R TR, B R R Ak, T R Gt
18 B AR 5 2 R OIS SR B0, T A B R M 2 A 5 B — o
B i B RS A

S0 LA TR 1607 25 AR 5 X S e 2 B T 7 2
AR KRR, DMEZFI B A RN I, FPR 9 f7E 3km-Skm, R4 T
SRR, R IFRE T, AR AR R AR, I LSRR T L R
SREREN, WS IURA T2 I WTIRE .

PR A L R AT R O T B H RS TAERILR G S i TR, s e /%
VSRS IR I 2, R TR B IR B R A A, iR R e K LR S «

FRAE FSRWIIL, S — ALY AR B B RGO R U R R 4.8 Tz«

48 Gt ALY A AT T R SR SR

P s ALY
RENHLA SR 0. 9km 0
o 0 0
i B sl J A AR
7km 0. 0.3, 0.5. 0.7
AT AR 4km. 18km 0.6. 1.0, 1.6
FE dif i = 5km. 18km 0.6, 1.0, 1.8
N AB) S 18km 0.3

WRYE CHLEAF RATIRE T I REE F KR40 € R 410 HLRE LA B 7R K, BT B Z AR SGHL
i, HOARIE B AR BRI AL F AT TRIRER oK o XUBHRTE S80S0k 1m] % 74 i (1 X
(EWIENEIan R
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453

Al Bt T 5RAE Matlab/Simulink #EH_EFEE 286 — R Ay RERE B R SR TH S A 17

E*ﬁﬁ’ *E?E 43 %*?ﬁﬁﬁ"]ﬁ‘ﬁﬁ?f, i@)\a,‘%‘:u%ﬁ’ iﬁj%iﬁm%ﬁ'iﬁm‘bﬁ% qm,bl&%?m

B qr REIRGAES TR FERME T AT R E R, B v DL e K IR TP EEA T

e, LSRR FER, HRITITEE 0~90°ulE W, WAEEEZ TR TR

GERENS T L CHLAIPERERR K. T A5 RN 4.9 .
R 49 BN SRR YIR
(a) RahplEstR 54

AT HOdE (kgis)  BAmE (kg/s)  HRE (KW)

h=0, Ma=0 1 0.017 63.17
h=9%m, Ma=0 1 0.017 53.56

(b) Mizah A5

AT B E (kg/s)  BAME (kg/s) HLAE (kW)

h=18, Ma=0.3 0.7 0.017 55.34

(c) HBhEh I AR

- HOE R HifE 35119 39 WITIT 46 KT
KATIRAS
(kg/s) (kg/s) (kW) FE i3 I3
h=0, Ma=0 1.85 0.017 52.88 49.64 24.06 49.77
h=7km, Ma=0 1.7 0.017 54.36 512 11.9 53.15
h=7km, Ma=0.3 1.7 0.017 52.86 51.8 11.88 53.63
h=7km, Ma=0.5 1.85 0.017 54.99 51.35 21.87 50.26
h=7km, Ma=0.7 1.85 0.017 50.18 51.21 20.66 51.53
(d) BT F S
B R E
TATRES HLAE (kW) 35S I®ITTIFEE 39 I®IIHFREE 46 /I
(kg/s)
h=4km, Ma=0.6 1.35 -82.83 48.4 28.64 45.85
h=4km, Ma=1.0 1.5 -83.26 50.98 14.77 56.09
h=4km, Ma=1.6 1.9 -89.88 45.11 25 4091
h=18km, Ma=0.6 0.8 -68.08 2.75 15.49 17.45
h=18km, Ma=1.0 1.1 -78.13 6.576 29.01 9.523
h=18km, Ma=1.4 1.5 -88.09 17.85 25.94 212
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() TRl SR

HOwE Bl HAE  35WIIJF 39T 46 T

TATIRA (kg/s) (kg/s) (kW) i & i3
h=5km, Ma=0.6 1.9 0.017 50.44 49.37 33.14 37.57
h=5km, Ma=1.0 1.95 0.017 56.1 48.55 33.12 38.84
h=5km, Ma=1.6 1.95 0.017 57.34 45.93 15.34 54.66
h=18km, Ma=0.6 1.65 0.017 55.53 15.24 21.02 12.12
h=18km, Ma=1.0 1.9 0.017 55.68 15.15 30.81 5.76
h=18km, Ma=1.8 1.55 0.017 54.17 30.13 24.01 44.55

M 4.9 R UAE H, SR T SEAE REE R 2 CHLAY A RER SR, o HLI 1T A7
EFIEEAN, ST A SR & — R RE TR G0 ] AT 2 CHLIPERETR SR, ZRSiAeH
PERAK CHLIIHLEBLE R G R R RETT 18, NERE — LI RE RS B R U TARALAT T 34t
BRI, FERZPET SR AR ORI, KL T AT (B 18km),  H ik
PSR, B OSBRI AR S B AR A IS 7T, FE B O0 T /5 68 51 56 &R 22 48 A D il
RTINS B A

4.6

A ERG — A RE R B R G A IR AFREAT T 8, A Simulink FEHLEE T
SZE U AVREREBEAGNI TG, R T Ea MMt RE RGBT RS
%, ERGMAT G EXRGRHAT 7RO, EE TR

(1) REH T EEE AR EERE RGN AR, NRGE S 1
FEREAT T 2l A F A ] Matlab/Simulink BEHUPEE 7256 R URVREREH RGN T 5,
BUE T ARG E LA A o

(2) e TE&RG U RVRERE B RGN B I, MRS RS

(3) FET AV EX G — A YRR B R GHEAT 1 BT, B B A
BT A AR AR IERES EL, JHRIE I IERES K i T RSB0 & EEE . AR
THEI T AR IR B R S8 SR BEAT IR A, eI T R GUAE A AT R AR A I S T T it
TR, THRERERY, A LGS RV REE RGN L WL BER TR, i
e MUCAVRERE ARG L Wle TR ENGRETR, JRIEEAZIETH AR
SEH T RN B B AR HE I T IR SIS A BT HARYE, MRS IR R RE R I RS TR LR
PR -
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/

AT S AL S LI A RSV T ik LR G LRV RE B B AR G P 14
F, G E —RIEAVRERE B ARG IMERE, FRGE R AVRERE B ARG SE G0 L
BHLHARGHATILES, AN — MR e — LV REEE B ARG I TITIE, X RGHETH]
A, ERE R RERE B RS TR T kR AL

5.1 /

e YRR E L R GURIMIR IR RGN BN B REMLEE, I H T LIS
FER RGN THEBOURE, AR GBI R GV TR R G — VR RS B AR

G TAR B 5 A — M R RER PR BHIPHI A R
5.1.1

RHLEIFABE I H RGERIPEN T7 i —— i G SRR R AT B2 - th T sk R SR
1 Hi A AN g s URH 0 S R AR RE R, P LORE BE RV AR 45 2 RALA BRI #E L
LR R G AT AR R E I H AT

(1) ARG E N A R E;

(2) izt R Ge% B KB BT R R ARk

(3) AIARFTH AR R AR s

(4) 3z i n] A2 O FEVE 1 050 5T B T SRS ORI A QR 2% 5

(5) N Te AR PRI b s 25 S B R AT BT 5 RS A R ik A B4 2K

(6) MRS ) T2 B | ke A R ik A QRSB K

(7> WORBIHLI E MBS 51 AR K

ERF IR AT T AR SR RN, R R R R 75, PO L
A R TR I A BE RN RGN SS, XA 7L g i BT,

RAELRE RV R E ARG TR H, 6 Vet EE HEASA S RN
BERA: 1. RGERENBARE; 2. Vs AR50 &1 E A TR 5 R A8k
3. WOREHLIK B SHLBC S T SR MM AEE SR K . (E2 T2 L RVRE B B B A S
AR A W AR, T CAE TSR AR 5 SR I F 0 FE SRR T SRS R BRI A QR 1 2%
SR AR AR A5 I T A T A V8 Ak 4 00 0 5 B DA K Dy B T A 0 AR R 4 A 77 o B i 51
BRI IR, LR & — R AV RE RS B A G S BN AU R A

(1) RGUEEE N R E;
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(2) Jyizkn 22 G2 B I A 5 i 5 R A RA T AR 40 K
(3) THFERRIH I 5T & s
(4) Jyiz i FE BRI BT & P 51 kS A A AR A 2k
(5) IWEBIHLHESHLB ST 51 e A A 2k .
AR R 2R T 51 EE A AR A R T STV T
1. [ 5E ) 2R e 45 B 0T 2 P 5 A PR AT AR A543 2R 1461
TELEEW RATIS A N, R E RGBSRy me, T07EIS 51250 5 I BTV A6 0 AN o &=
N meg, PIEZFN
m = mg + mgg 5-1
TR m rEFERIAM, 7RSS (R [AIRE T, AH N AT BB AR AL I iy T R 2
N
—dm = %Cedr (5-2)
A g NE IR, m/s*s K A RATSKAEh 5 E, TR CoRAMELHE, kg/(N *h).
AR, TR (5-2) & -

—£'7= dt (5-3)

ARV AFT=0 I, m fEJomg + megs 024 KATE T o=roltt, HANEIEAIN A HRERL, m (0
mg. (RN LRKE, R (5-3) BFAIT
meg = mg[exp (2E°2) — 1] (5-4)

R (54> TR BAERA WATIM Iro 19, 540 R G0 B 10 A BT 31 Rl
%

2. T RERAI 5 T 3 AR A A S

Gty — A R R G BT SR R, 6 T A AR e A AR, 7E %0
B, R T RITRIRE, DL G ) 2R 5 A8 MR 4 K0 2 AT A A
KA ESL

5 F RGO 75 AT FFMT=0 I ymy, = meo, THEHIE BRI RO 1L,
TEFFIRIT Aimgp = mepg, THTEZ T E Rimgp = 0. 763N WATWIE, RATFEMR RALE M
T A B 24

m = mg + Mg (5-5)
RGUH RN R AR Sz i A E R AL, TS SR E AR N
dm = dmg + dmgg (5-6)
THFEAEIS B 22 GE I AEIAI b B ORI o & 1 ARy
—dmgp = "2 dr (5-7)
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ﬁﬁﬁﬂ%ﬁﬁﬁﬁ,ﬂ&ﬁ%ﬁ%ﬁ%@ﬂ%%ﬁ@%ﬁ%m,W%ﬁ%?ﬁﬁc,
M AL R S H AR A B AR
—dmg = Cdr (5-8)
PN S i 3 RPN
-dm = £ dr + Cdr (5-9)
=0 W, m {HNmge + mgpos M=o, m HETE. WHEKX (5-9) #HTHT, KM
MR 26, Sid AR 5 15

Mo = 7o [exp (“5°%) — 1]~ meg (5-10)

3 (5-10) ATBLA R VSRS fay 28 GE T AEMA T P S & AR AR5 2K

3. WACBIHLE] AT 51 R AR AR 2 5 2R 1)

5 R E LA Zh AR BT SR R AR ER IR — A, ARSI LG U, R AR
PR BRJE IS N

N (E%e) — 1] (5-11)

GMKEIHUE LGN, gl Tl R R, RS 1 A Sy . O TR

WAy, AT RATE R EE N LA se ingh, i e N I R B AN 51U B T 4 v ) 51 U
(47 Ts, 0 TR G B I A A A B g pp1 - XTREEBT R BIHL N

0.gT3 (0285 ~1)x3600

dm,blC
qm,f,bl = DCe + = Hu“:c(n(c)'zse'_l) (5'12)
CANKBIHLE S E 510
Qm,fbl = DC + Tombip o B0 (5-13)

Hyec
CANKBIHLE SR 510
e wo NIRRT ARG L m SR BIG KL
XK, HTZE— MU RVREEHERGMAAE, R CamErE s

Amy = mg + mgg + mp + mep + Mgy,
5.1.2 /

RAELRE — R PR R EHRGNIFMIE R, L6 — B UHVREEE B RS M IERE L2 H
W o SRR AR BIHLEI R =8 IR, AN =AM i — i p e
B RGBATIERE T, TR S5 E R B BN B R G HLE

1. [ € i &

TS EORE, TGS AR R RE B RS R R, AR ERIL
BRI INEPREER &, ERRLGE AR EE RS S5E S0 B ENLE &%
B E R EE R, N T RIFSGE — AR REE B B RS 515 50 BB RS AE
Al — A LB, @ EME RSN EN B RA N BT .. HEE— BV R SRR
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BEF RN TR, 2R — b AVEE B B R R L E RN KRG T A B H R4, APU
J EPU =ZATREMEE, MAEDHTEG 5 BN RGN H IR E R KRG APU I
EPU. I RGEEMHAIFK 5.1 s,

* 51 REFRMIIL

B THR% A Ko
IR A 2
JESML 1
Hr )4 20 2% 1
28 Feni e [ F 1
AL 1
(TN AR 1
UL R4 KBS 1
BRI = 1
APU AL 1
JEAHL 1
hle = 1
EPU

VAL 1
JEAHL 1
JRUFR VR T e FA 2 1
RIHA H 4 b 1
HL A H A 1

gia i o )
SR R s i e !
R SIN A i 1
Koy B4 1
TIPANZL 1
Bhbe s 1
AN/ HAL 1

2. MAME SR EHLGI R

FERG I AVREREE ARG 1T 6 LESE UTIRES G 80 LT
PEVHSRE, DRAIE T A2 T 5 PR R RT3 T, S B Rk & S R s L 51 S R it i S A 2
KM 511 AT SR Matlab i fE T 50225610 Rk & KR SFLS 1 SR A AC L
Ko
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R 52 TR TG BN RGN F-15 ZUEHMHIS RGEMLGRG R PvEe &
EHAG G ER— WTRE T, WASIPLGIA. HlE. bR, K
SCEROZARES TR S AL, il A A R R E B R A KRB AR, AT
PR, fBE WATI AL 3 /e, TFEIS R A 5.1 Pror.
R 52 RGAUERKITHMRSH

=i N RENHLGIA WHETEA AT /KW
¥ LR
(km) (kg s (kg *sD HTHE e
F-15 7%/%
/ 13.7 0.85 0.637 1.236 48 4.3
B R4t
ZEA IRy
o 13.7 0.85 1.05 0 48 43
REREHASR
1.2
385.2 174.3 13
1
330.7 BF-155 5B E %
0.8 10
= ZE— B H/EE
i EE RS
37 06 | I
=
e
0.4 4 I
0.2 + —
0
o 1

ISR R ke I?*Ji"f%ﬁ-f%iﬁ%/kg‘ EHEE
5.1 WAl RGPERELLER
HIE 5.1 AlRIZR & LR BE RS B AR S R BIHL G SR e 2 SR R R S
SAERHIA RGED> 40.9%, FAEERD T 23.1%, TGS R UERVRERE LR S
BALG Y BN RSV RERKR
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5.2 /
5.2.1 /

RAELRE — RV RERE PR GVFOMA R, 7RI 2 WHLEIHIA B BB F R A HT IR T,
R EER R NG E — AR BB B RGN B AR . 12 RGEEDE 2R EFAZ W)
LT, PRE K RS G] AE AR R R AR UK B R R 3R, A& A R Bl 5 A2
N T ORIE R G AE KA B A F e, It DAPE AT R A2 b ARt i X R Sl 51 & A i
MC iR R LR & — R A R B B R R AL TT 1 .

i AR RE R B R UL S AT AR B2 — BURIA] ©, HLRE M VA B R A &
Gms KRANHLGI TR g FEFRFRBER), BB T gm0, qmo=0. X TZRG AL RE
BEHRARAH:

We = fwe(@m,e dmp1) (5-14)

Qc = foc(@m,6 Gmp1) (5-15)
HH fwes focBnPHALGE MU AVRBER RGN AT 6 ERRZMETE IR T IHA,
FEAF AR E fipe foc KPR R IRSAZ M T AR 7 @ M N R & g SR ENHLG A
Gt THERURH S F) R BE A )74

IS P BCHAM . g e SR ANHLE SR g RO R GEH AR 20, AT IR SRS 45
Ko HIFE KHL WATIRES A KIIN (] © Y, tH A2 E A A ShHL5 <&, 15 R 1%
WA BRMA /N . AR 5,11 PR BRI R %, Rt R D RS E
HIEA R R AL, BRIEAL T IR AT A R R g B A R, RG]
RIRN:

Amyp = mg + Mg + My, (5-16)
A, RGHFEAM EmE . 1S5S P B Emep KRBT 51 BRI Kmey, K
M 5.1.1 PR R THRE T %A H Matlab 4mfE i 5.
FL I L o v I 5 T R AEAN R AR B /N oK, 7R 2 BT 264

We = We min

Qc 2 Qc min
K, We min X Qe min R 4.2.4 TEATMETH R A AR S EL €, We min X Qe minfE 5 LIE
BT BB anEE 5.3 Fos.
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*® 5.3 A TR i EhlA EhIME

L5 BB IME W, min (kW) HAR R AMEQe min (KW)
RENEF B 50 60
i Bhah I A 50 60
AR -90 60
AR 50 60

g AU RYRE R E I RENACTTIE N A TEHL A AT O A Lo, 2T b
IS AR A A I SRS » AR 2R 8% AR 20 AR SR AT SR A4 R Amep fie /NS (TR
B gt KRG TR gmplo

522 /

AR SCANR AR THEN 3 & — R By RE RS T R L MR T8 i BEAT LA, 45
FIRGE Lo LA E LRSS LR M RILAE S, TEREGRE — RV RE R E B RG]
AL

1. PRk R

BAZME R AR AU T L VAT R I RATIR L, e ARl B, D T A Y
TR B AR, HFHASHRRMN TR, A AP RO IWEPIRE s R & — 1k
WRVRERE B RGN, B TENIEN IR, KEWLEI MRS 0, #MAME
AL, Frlgia — e aEEE PRSI N3 5.4 .

K54 e U AVREEHEAGIIA

[5EN =E (km) LR 724 HAE (kW) HIAE (kW)
RS 0.9 0 >50 >60
e 0 0 >50 >60
e Bh sl J A AR
7 0. 0.3, 0.5. 0.7 >50 >60
AT A 4 0.6 1.0, 1.6 >-90 >60
FE dig A = 5 0.6, 1.0, 1.8 >50 >60

2. AR
R 5.2.1 Prid sk, waa —MRAVREEEHE ARG BT 6 LA BT 5o &
GEATRAT S, ZRE R AVRERE B ARG RREE WA 5.2 P,
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yes l
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K52 ZE iRy EE ARG R

g
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GG MUV REE ARG H T 6 R @S TSR0 B R, N B il
s ARIE RS ERAE T, FIRERIE 5.5 Fios.
R 55 GHEHURRERE ARGV LR
(a) Rl ES
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0 0 0.8 0.014 51.57
9 0 1 0.014 53.53
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(b) AiBhB A ST R

EE (km) DR FEORE (kegls)  BRiE (kg/s) HAE (kW) HAE (kW)

0 0 2 0.015 53.41 60
7 0 1.7 0.02 54.44 60
7 0.3 1.7 0.014 52.93 60
7 0.5 1.85 0.014 55.36 60
7 0.7 1.85 0.014 50.56 60

(c) ML LE

B Gm) DR SEOVE (kes) HAE (kW) HIAE (kW)
4 0.6 1.35 -82.26 60
4 1.0 1.5 -83.26 60
4 1.6 1.9 -88.25 60

(d) PRl APt ss

B km) DL BEORE (kgs) MR (kgls) O HEE W) HIBE (W)

5 0.6 1.9 0.015 50.93 60
5 1.0 1.95 0.015 56.08 60
5 1.6 1.95 0.015 58.07 60

M 5.5 R AE H, ARSEBE A A R L SRS, X LR E — R RE R B R STk AT

PAC TSR, AR AR LS R AT RS T A3t D B Sk anh & A R A R i, RGEERE IR
ML, HLRE Ve BRI A AR KILIRER TR, R 5.5 HHBRE LR a — e vt &

EHAG RS, NERIAT TRG, AT TRETTE A& — L A se B4
HAG T %

5.3

TG AL G BN B R G B RA NIV 7%, @ T G E — VR
FHAGMIPNAR, ST 56— BUAVRREEE ARG IR, JHEH T —MsaEs— A
PREEEHERGMATTVE, X RGEAES TSR IR T s AT T . FETAE
U

(D) BEhE—IURREREFLALS F-15 TGRS RGHT T HE, itHERE
W, ZRGIEETRIFPRE TEIAE, WESSRRE. FESHHEETHBINT F-15 5
TEI ARG, LR G — AR RE BB B RGN R NI R S 2 AU R 2 FR 3 /<
TEIRHIA RGEEIRD 40.9%, FAFHERD T 23.1%.
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AL FEE G A — R A RERE B R G T SRBEATWEIT, S5 H TSR & — L v RE R B
ARG FURE AL, BFHESRZ R, BheXoia Ve S B AT 1T HKR D
B, RRZRE HURVREREEEAG IR Wi S, RRRILGRE TS L& — ik
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ST, HFERGH T 6 LT VIR, SR Ve I RVREREE RS
PR R, T T RGERE, R T GRS R AVREREE ARG, JREEAT T
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3. R ARG T

(3) AL T G — AV RERE BRGNS B RO BCA R, IR Simulink
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RS IR MIFYERE SR 7 RGN G B o AR BT SRR T S A5 R K Stk B3
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AT O R EEE R AVRE R T R STRED L WLNAER TR, AT WA ERE 1k
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