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ABSTRACT

With the development of aeronautical technology and military combat capability, supersonic
aircrafts have begun to play an important role in the military field. The external aerodynamic heat
effect and the heat of the onboard equipment make the heat load of the body increase, and the
equipment performance and flight safety are threatened. Thus, it is an important problem which needs
to be solved at time that how to control the temperature as well as heat of the airframe structure and
airborne equipment under excess heat load. At present, the research of thermal management system
mainly focuses on the fuel system and the liquid evaporative cooling system. The research on the
thermal management system of the whole aircraft which contains the thermal protection function of
the organism is not enough, which makes important sub-system temperature and actual temperature
different. For this reason, a set of thermal management system for a supersonic aircraft under the
influence of aerodynamic heat was built in this paper. Then, the unsteady simulation and the
optimization design of the thermal management system were carried out. The main job content and
the results are presented as follows:

1. The thermal management scheme of the supersonic aircraft was carried out and the
corresponding thermal management system model was established. The internal and external heat
source and cold source of supersonic aircraft were analyzed. Aiming at the heat transfer process of the
various parts of the aircraft, the thermal management scheme with the insulation blanket as the first
heat sink, the fuel as the main heat sink as well as the evaporative cooling liquid as an additional heat
sink for the fuel was carried out. Then the mathematical model of thermal protection system,
electromechanical system, fuel cycle cooling system and liquid evaporative cooling system were
established for the working principle and heat transfer process of each sub-system.

2. The performance simulation study on the supersonic aircraft thermal management system was
carried out. Firstly, a performance simulation network model was built based on Flowmaster software
platform, then the unsteady state performance of the thermal management system under typical flight
conditions was simulated, at last, the temperature and mass of the important nodes and fuel flow paths
are obtained. The results showed that the insulation felt had good thermal protection effect, and the
temperature difference between inner and outer surface could reach at least 140°C. The fuel and
evaporative cooling liquid provided a cold source for rapidly warming equipment compartments,

which ultimately stabilized the cabin temperature between 70<C and 90<C. In the fuel cycle cooling
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system, the fuel rise had always been relatively stable, the effect of the evaporative cooling liquid
made the final temperature about 110°C; the fuel out of the tank passed by the oil radiator, hydraulic
oil radiator, and finally flowed to the engine, and the temperature reached about 130<C. Equipment
compartments temperature and the fuel temperature could meet the engineering design requirements.
3. With the linear sum of the quality of the thermal insulation blanket and the fluid consumption of
the two evaporators as the target of the optimization design, the thickness of the insulation blanket and
the working power of the two evaporators as the optimal design variables, the upper bound of the fuel
temperature as the constraint condition, the mathematical model of optimal design of thermal
management system was established. Then, based on the Isight software, the optimization design of
thermal management system was carried out by the combination of simulated annealing algorithm and
agent model technology. The results showed that when the insulation thickness was 2.639mm, the
cooling power of the two evaporators was 5kW and 10.504kW, the total heat sink mass was the
smallest one which was 22.036kg; the 4620-step optimization calculation toke about 5min; and the
error of the agent model was 0.47%. The fitting degree of agent model was high.
Keywords: Thermal management, unsteady state simulation, Flowmaster software platform,

optimization design, surrogate model, simulated annealing algorithm
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A 8Q,,+ 8Q,, M3Q,, /M HIANBAM 1. 2. 3 ALBLIRI BT .
2.4.4 HEB RS

ARG A LA A AE P L TR R, ARAEAE AT AR N 8BS R
A RATRER BIRSEER, FERBONAET I RG R IE,  [RIRDR 2 R i R R R A
TEME BB R, BRI A28 R 38 BAL RS 25 R HIR

WRAEHLE R G/, TR, HRZMHRE—T7HRE THRANBE 7F&&E 5
—J7HR B TR B SE A G R G R . AR
—E, AR RN T AR T R

dT,, 06Q. 06Q.;, 06Q..; §
A c MM RRILLHVE,  my S g 5 I BE ARG A 2 U, T R s it Ui,
0Q; A& A A ox A B Y R IR A% 38 B A MR UC IV, 0Q,; W ERIAIAE Y BL#% A i
T, 8Qy MRIRZERES 1 TAERE, ZR% ERR Aok B & B AR oT v, 8Q, M

(2.17)
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AT A PVE B AR U R O L A BT BT AT

ARSI R B AR BT vV
245 BIFFEE SRS

KRGS T F-22 ALIVEHE ARG 2 3HR R 5. 4 PAO Hil% REUAIE PAO fill e &
gt JFRAE RAT SR N B AT S B AT RAEEAT TR, R R RS PAO
7RG — AR ZE R A R GEHEAT U, i A -Bly R e I as SR R G0k, ik 1
R AT SR INVE RS

WARZE RS M AG D BN BRI ks, ERHZGERANEN R AL AT T, 7
AR RS TP AR JIRLIN RE B S 1B R TR 7S N :

er,i = mep,ij/ep (218)
e Quy NWARKA MR B, my, NI A TARR, 2R AR R B, 10

WA RR BB, =12, y, WIS
BRI R4 M A ST B R, DR LT 2 0

Ftep,itep,i = mep,itep,iyep (2_19)
Aok P A HERIA T, i, R W, R T
TERT K.
B, AT E S
. F)ep,i
Mepi = (2.20)

ep,i

7ep

BRI, W IR R B S A Ty e 5 AL BT L A
2.5 KREINE

A B 7E T 5 e A A KT S B VR S R, ST T R P AT S
T ZGRT . ARG, ARHE AT R [ B T S AL P T G MR 4 T B
AT RS, HRIREI 2%, BOHERRAH RS, HULRENERAHAS, W5, FiRd
DN AL BRE R b, XV B R e AT R S B IR, TS T RA TR %
RS BT R, T B B AT SR R L B O T
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P S R RS 2SR S

BZE BREVTHEAEERGMENE

N BF I FE BINIAGE I T B AT A AVE B R 58, A FAE RIAWT 7T B B LAt
BIN TR RS (1D SRS B E TR AR AN S A R G S A R R N T ik
(2) W@ AT IS 07 BB RS, 132007 A5 R B A AR B 0L (3)
R ERR A RAT R 8 VERET R .

FESE RPN A E T RAERRGH BN T RGEMNBCARR, HU& T RSR
AR EAR R A RS, W T EE 2N RN, XA 2 ou Ty R AL R T R
EORAE, T LAS ARSI 22 B Y R AR T S RN E T S A R DRI AT R iR A
TIRRAL, RASCHEA] Bt BN 3G A

H AT WAT S AVE B AR G JAT T, AR TS K2 R B R TH SRR BN
WAL K2 K FKSE C 18 5 10 B TR 5L Matlab 1B, LA B & shBL et 5e B i
JPHEBVERA] Fortran HZifEFr, SEHL T AVEBLEOR EOR T RINT A KBl RS, 19
B 7 AVE BB IR RGO AR, RERGR BRI SR AL, gl ]
FEMENL T NN RGEREHERGN B F U FHEY, IF 0 0K e = AR
Matlab/Simulink & 85 107 FOBEAY,  SRATHCPT: BT (KR AR % 0 B AR AT IR SR

ARTEAES I NI TCRB S A &0 AT SRR At b, SRAT G DL B Flowmaster
XHE AR AT S VE B AR SR RS AR R AT R, SR A 4 Y LR ) AT 26 A R B e

RATHNVE B RGRAT ARSI HIAR, Batt S EITH 5 R ir Ve B R G007 2K FIAT
PEATIE AP

3.1 Flowmaster x4\ 43

Flowmaster &4 BRUUEHIRIA RS H. it 50T &, B 2R T8RS 2R E &
GO E TR T ST . RG Wi, BT EHREE.

Flowmaster $&ft 7 — ARG RUE L BN TG, AP DHERZAT 6 BRIk
12 2R R, PRERE T R SRS 70 . BRESEL TR R s AT 4
I fk, Bl RIS R G & T RS ARSI 2 A A 04 DU A JE T 2.
PR A AN A R = A7 TH (2 Gz AT

3.1.1 Flowmaster £ RA5E
1068-1971 4, FEETHA LI ICHI 2 L4552 D.SMiller Ut T RIUE R4 MR

KA, I KRR R AT 6, 53] 1 SRRl R Bk : 1978 4, Miller ik (Internal
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AT A PVE B AR U R O L A BT BT AT

Flow System) —43, VL& 7BV M5 AR e, JREIIAL oy RGN IR BT AL 1 VR
BHR SR 1981 4F, HERAE AR SITR T — K RGN R, e
Flowmaster JJEAL, Sk 7 W 70T 45 10 4 B A 00 2008 A BT 4256 1987 4F,  Flowmaster %
PRIESRIATT Y, ORI R, JRELL )R I 2 F R ABE R A R, TR T
SN SRR ) D BE

3.1.2 Flowmaster I23p 7

Flowmaster K FH (13818 3 il 3 BEA (A S5 R 7 BRI O R RIS, o 5loA:
(L fH%F I

2
JL+XL+Q:——+YL+Q (3.1)
Jols IAY pY 29

A ps VR A LA R ERAEEE, h RS p, sV, ROR AL 2 AbAE
WESEMRSE, h, ZoRiZeEmEmE. p NIREERE, o RREINEE . (A5HT7 2T
HARRARAII AR ) AR R

(2) T2

T2 _Tl = R (32)
p

A TAT, Rosoofrit. HORE, Q NiZinltH b IABER I T, M iz ik i
LR, C, NRRRILE I . AT TR PR, AERKRE.

3.1.3. AN FHFHE

BT Flowmaster 38K 47 H D RE, HIEH T 3K ARG RE ET RN FIE R FE I IE K &
GE A BT, R TSA TR WS 77 1] -

(D FUEfiR LT m: R R0, RENAERRFEL, RS BE RSG5
PEERR. MR H RS, BRIKRGE., iR, WAKTI R RGREMEN RE. LA
XUZH TCHEE R 7 L5

(2) IRETARI: BENEHRLGPN, ARG, WF RS THARG. Rl R4,
HH RS

(3) MEANTALRIF: ARSI HKRGE. AHKRS. KHEKRSG. TRAG. &
PR HAEE RS RN RS . BRRL. WP RS, WITRG%.

(4) Belil. BN H: B SHERRIFIEIR RG . ZaVEN RS, B ERRASA. R
HKRG . AERGS.

(5) BASEEHLN: BRI RARG IS R4 AR H RS R4,
PETL RS
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(6) A, R, e, WILEDRETWNA. flffis 25, B LRS- 5. 38
RARGE &M RG KR T

3.2 RETERGMEIEERYEL
321 ERRIHERE

ASCHET Flowmaster 3= 5 (1 7o A58 KRG 1) — O R EhBEX A= 3 RAT S IViE B R 4t
BATARRR S H . I R PR NE PR GUR B, I SR AR R G DU RS
WA 2 2 R GEANBIR TR T ARG HM AR, A R f AR A 3. 1 s

T

g
v

| wamEE |

| bR |
WA BB M

E AR R

| AR A |

y
<m%@§%0 <M%ﬁﬂﬁ <ﬁﬂﬂﬂﬁ©
WA R e s 2 e
v v v
R iy
v
TR A D U TG 26
¥
AT A A B R G T

\ 4 y y
(%mﬁg‘< (mé&%((%%%( GMM%
s m%%# ﬁﬁ s

v
Je Ak PR

75

B 3.1 P AT A AV TR G ) % A K A7 SRR
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322 BERAKEE

£ Flowmaster JT & I fEdr, weit# iRt ¥ KRB G4 RS UER A Tl A A
TSRO B, B, Bk, PR WIS, XETTIRHE R TR AR TR, AR
TUR A 2 AR R i ST PR A FEA IR, A SCR & T R G I I 2% o AR B ARUR
&, A B IR B PE R A B R G AR 7 e, 3 AR e P o R AT A A B
ARG H MR

(D KA

X 12 REGEE ) AT AR R, ASCR A TN EL 3.2 FsrI#W LE (Thermal Bridge)
TEABUE LRSI R R AL AL . AR IR T U AR T B G RE, WAL 1. 2
gy I [E) R B I 3 45 AR AN, A S5 A R AL AR T B, DRI T AR5
B INAE N = 2RI AR AR, b Qv Q, 7 DIl I PN I ALK R, P
P, 2Rt F 1. 2 AR, My« M, Rordi 1, 2 AR BRI, g, At 3 AL
AR, B 3.3 R EhYE (Source: Flow) Jeff ] DUIREILL—Ffr il i 45/ i IR 48 i
PA—5E IR SR AR LE A BN TR N RRERR BN RS AR, AEASCII Bk b, I FZon Rl s il <R
FERE T KAT 4 A1 B T B FARS PRI AR R B

AL, Ak K 3. 4 FiosRIR YR (Temperature Source) JTAFARANIEIE A BEFBAL S
BIIMINEE —FIA T, NI P BESIAL 1 BE PR S e e iR BRI . Horb g, R DA

— B R BE AR Dy SR T v

B, KEd RIS WA W R L ESHAER SR (Source: Flow)
TOAF AT R s IR AR L I AR TR 0 Ak T AR 28 B rh B R o A B 1) e TR
TP AL R R BAEHAE (Thermal Bridge) JofFhdtir & ®, S8J5 RPN % B 56 A A
WA B shJE (Source: Flow) Joft4r5l 5#Wr (Thermal Bridge) s 1. 2 i HAHEE,
fEAS AR SN 7 17 5 #4F (Thermal Bridge) JofthHaiSkFa mAHRE], He#s e LR B33
I FEARAY

e, K EE e B S L ESEIEIRE YR (Temperature Source) JoffHitiTi%E, H
I B T LA 3 SCTE AL B I A ) LAY

43

Prooay Q Fe
1T 6—a—— L~ a? Q
. - 1
m m, i,
IR
K 3.2 ##f (Thermal Bridge) JrffAizy K] 3.3 Vizhi (Source: Flow) oAl

24



P S R RS 2SR S

Q4

1

K 3.4 JEEYR (Temperature Source) JTi4HR 7Y

(2) ABid R4

RISCOR K, RAT AR MR I g PR J5 A AR LB AT SR EARARH /DN, DRIE TR N
5 R H S AR WO TEBR PR — 4 S A R . ASCH A R IEL 3.5 R I E
[t {44 (Solid Bar) JoffxifRfvBiit T i, K AR A#E (Solid Bar) JofHil3#JrA
ErTEAR, LR SO A ENEE, g Mg, Ronim H L. 2 AR INIE. B,
KRNI S, SMSEEEIER AR (Solid Bar) JoffH kTR E, SAERAIL 1. 24
F 7350 5 IR AL L R G RGBT IR, S I R G ARAY

3.5 [Efk (Solid Bar) JTifi#7

(3 HLHERS

HTARGH BB RGERE LR R, BUIbmsi s oyg, ByLmRgE i E T
BRI BERAE AR, SR —ASar DAzl a2 IR R AR R T =
7% %% (3-arm Reservoir) JOF RIS At . I 3.6 =% % (3-arm Reservoir) JofFE
TOREE, B3 7 AH UM EE R, Hp, B, BREBRATHIBNET), P, BR%E
WAV S, P PRI PRI 10 2 F 3AMIINE S, Py P o WPy, s &R
WZIMES, Q. Q,MQ,Fawiml 1. 2 Al 3 AR ARIRR. hTFALEMRN SR
ik, HIERA—ANE 3. 8 AR Y (Source: Blank End) Juffsm] =B %548 (3-arm
Reservoir) JofFdm H AL AR A KA S .

B, R AR SEL B RSP S SNPITES 55E  E S HHE =R (3-arm
Reservoir) JofEF AT % E, SR)5 KM =M% (Source: Blank End) Jofh4r 55511 1. 2
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AT A PVE B AR U R O L A BT BT AT

A 3AE, AL ARG R R

S| Controller
Connections MO i
ifili A R L
:] PWJE—OPE—OPSZ
2}2—%—%»@”,}
K 3.6 —E7%4 (3-arm Reservoir) Juff K37 =B A ST R

3.8 i YR (Source: Blank End) e

(4) PRMTEIAA A R4t

AR 3.6 PR =28 %% (3-arm Reservoir) JoA R BAIAS, & A LI ¥ B A &
TR R . SRR 3. 3 FRiiahii (Source: Flow) JoffS5#Ah AT IERE,
AT DAREUL BRI MR AR Piat e R AR, AT SERLA A AL DB BRIt B AR AL, RIS 3. 8
Itz i 15 (Source: Blank End)  JGAFKFHIAE 22 42 (4 vty 1 EAT 44 141

H e A S 28, WA S B L S HOHATWCE . AR S IR R I A R
B2 I W U 3 A T A AT e 46 ) (it 1, ZEARAT I 6 2 180 R F i 3hi - (Source: Flow)
TOAF S IR R R I 2N 1 R SO, IR F o FIE - (Source: Blank End) o442 il HoAth ity 11
NEPRAS, LS £ R B R R B AT ) R B I R ) B AR

(5) WA RAH RS

Wi 3.9 HHFT R 75 4% (2-arm Reservoir) JoF3E M A T A 0] R AR LE 3R BT 3E &
G ARRR S Bt R, BIASCR HZ o R R 2 k&5 . R 3. 3 Pos i ah i
(Source: Flow) Joff5 B %8% (2-arm Reservoir) Tl AR, MR AR AR K I FER S
FEo [ 3. 10 nfEE AR R B Forp, PR P, FoRim 1 1A 2 (AN T, B AR &
REAGINE S, QFQ,FRoRnuti 1 1. 2 Fl 3 AR AT .

T e XHRAR R R 2% B G5 S BRI N R 28 RS R I S B S L B S B T E, ARG
KRB0 (Source: Flow) Joft5 — 28 8% (2-arm Reservoir) Jo 4 i —A i 38 1] (Valve)
ORI RIEATIERE, R 1R (Source: Blank End) Jofhdzi] b — ANk 1 B FALIRZS, B
LA AR 78 R 0 R B AR
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Sl Controller
Connections MO Ps

B

P int Q—E—o P,
L - Oy
- { =

K13.9 RS (2-arm Reservoir) Joff#E%Y K] 3.10 AL (2-arm Reservoir) sl
=4 5 3 P

(6) Hethaf/iilas

Flowmaster o 47 2 P, v DU R A A 0T B 7R AT IEH R4
7 AR, R A N K 3. 11 s dE itk (Controller Template) TiHENSANT RSt
)R EAL I I AT, %02 Flowmaster HH g 2 Fsg Kotz —. JofFl 5 /M
SHIAG LANERIBCR 1 AME S Ham i . & 3. 12 N HBR R JEE K], Hd “Inputs”
FoR 5 AME S8, “The Input Block” R HIRAR NG 5 1Bl 3R 3
(FIALERAER, “Control Algorithm Block” /R fill i v x5 5 BT AL BR AR, 43 5 Fh TAE
B, ATRAA A B PR AR, 2 R o A O, “Output Block” Frxt&id
ROBR S5 S S AT R I 1. (Flowmaster 34 RGN & AN TORFIIKAL. IR, #E . TiER
HEEY AR N 2B SR N 1557

TERBUEFE R, EETE Flowmaster Hé 5 A B R G B T 1 & R Gulal e U184 (1
JARE?, SRJEH RN BB, M RUEIARE P P, 635 R #HiI#54 (Controller Template)
TR & REEATERE, BERIZICIHE NG, 5 EERG AR BT E,
PEEE H— AN S B AT 2T B R AR

Hi T ¥ 8A (Controller Template) ST 5 KIS SHEHIDIRE, HUiEn] LY RGEA
HoAtb o7 Thitish], Bitn: FHFsIE (Source: Flow) JufFRIJE IS %1, &1 BE AN
FEAE BRI A, PRI A SCHEAT v SR AR TR A e AT T KB I

Sl Inputs \\J/ Inputs
ooooo v
HEE v

M\ EEL e
] ocl
Y
] Output Block
1 (S0) Y Ouput

3. 11 =R (Controller Template) Jof4 3. 12 =R (Controller Template) Joff
et TR Jo B[]
(7) HAhZE R
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AT A PVE B AR U R O L A BT BT AT

Fn AT BN AR TAR IR e, BULEfE A 7 KRB R A TR R ot
fkkati b, I FREMEHKEMFMETTIEN R TR S MEMIAE. R 3. 1Pl 7iXshs
HETCIF AR R AR — B &

#* 3.1 brifETelii

TeF AR R A K —JBHE

FE AR R & 1 HH 5 N P i
R TSRO Al H 5 5

X (Gauge Template) 75 Fi T i JT ¥ 45 ) 70 1 42 48 3t

b (Clock) Toft

7 T R E S

PR (Heat Flow Source) & #&4t — AN E 2 10 F IR  F

9 f ud

L) |7 (Valve) JoiF BRI T
I {550 X (Signal Splitter) J& ¥ — Aot % 15 5 1% 8
iz 25 HAB PR AS O I\ St
Ofi’f"ﬁ NI [R% (Cylindrical Elastic) 155 8L it 20 i 72 o i) W1 14
- | » Joff I8

Flowmaster (i HIA4 R R P, RN SR ARHE PR 1 E Lo BRI e e AT
HEESCT ATERIIAMRYRYE M2, TR T B € R, SR A 1E Flowmaster S01F 4 ik
RGN ARG A SR e AT BUANE RS, HRON B E SCRIRPRHE MR 5 T R B 3G
BAGIAREY, T — DR EHRUE LA E T RAVEERG RG], dT
2 W 5 BT DU 0 SRS . RGN T o AT AT EALAE A, Ry A 2 AN A
WEHARG TR TR R, R @R RGN, 35 @58 & a0 B R e 3. 13 fios
(BT XEREAR, BHEPufE2, R8OG3 R oot oRED. N SCh i EiH5E R
R FRIIE T I AR,
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2l = = = = el
] 1 2 3 4 5 6
E ’ ’ E - D:
e i e £ [ ;
l ¥ | ' ‘ ] = -
~ | | s -
77777777 . 2R
. I s Q node4
. R LT
,,,,,,,, S
L E &= !:Eé
AN =g mode2 | EJ-E node3
| i i XN
- f E Y ?W\ﬁ"\‘ ‘ 1B s ‘
F‘ nodel 3]
Ty Lo
V- 1
1] 11 12
| T

T
1-12 — 5 iRdRl —— IEVREDAE
fl —— #HyhsEn e —— W EAE
f — dmE 1434 —— WEf14-34

22— HmFEe
K 3. 13 HEAE RATARVE L R G0 B N A

3.3 ERTMHEUTER D
331 HE L

ASORT R PEKAT B A B R B SRF W F B i

(1) BT RS T o0 2 4 U T 5730 B 4B 11— 4 S T R SR 7 )
AT BBORR. BISCCIR K, RE T BRI AR R TRGS T UTRMRR, i
I AR 1 JEE EE AN TR AT S5 02 A AR /0N, BRI T LR o AR 1) 5 A7 TR AL T BR K PR 1 S 44,
HT 5 R AR FERE 7 A K 4 . AR SO — et 2290 1% 30T B HVES 5 47 Rk AT RS B,
FERRAIR K R, B 5 oAt R L 4 B BT, IS — D S TR W b 5,
BRI — NS SR, 15 R ARG 4% ) 5 I 4] (A5 T 5 5

(2) HLHARSE: TS SEIR MBS NI G HM RS EAS5
FRBEAR, AR A A BN T2 S S AT B R SRR, R A R A A 1
5L S B ST PRI, B 2 (RIS

(3) BRMTEFRA RS RSN S ML R 5 A R G 1L G RATT D R g
D7 AR BRI FE I R, BRI R e N R WL RR I A ) B A S oAt R LA
R LA

(4) % RGBTSR, AR SRR R SRR B 4 (e A s
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AT A PVE B AR U R O L A BT BT AT

PSRRI 4 i R i AR S5 L HEL 2R Gt v 18 5 5 i T 1 R AV R R ] 5 22 T
H ARG A TR AR, B FVES S5 RAM AR /4 40 2R Gt o (145 AR R SR FH T 5 R v 0 £ 480
Tt A R

N T ULRCA SO R A VE IR G, ST IE A R0 BTHS A, DU T RSB oMb
PiF, ASCKH T BB Flowmaster #E4T 07 B 2L R 4257, F L3R ) — ik
TERIIRE, A28 =5 b AR R B T R BIASEE e (0 BUR A B 28 A R o, 3 EAT 7 AR
ULYINE ey

332 HEZHEH

CATEHE SR AT R L R 2RI TIRES, G E HhE AT, &2 UET, AR
TP I KAT A R IR R, AR B AT R E R SR T AR A B R G
AR LA BB BT H 07 AT IR R, DA 5 B8 /AT 3 E M S R e K. AR
% 3.2 iR

* 3.2 TS

U ZHE
L 3.0
AT = R fkm 10
KA #

R = Ikgls 0.80
RENHUFEM kgl 0.19

EiZ UTIRES T & T RGBT M3 3. 3 fir
£ 3. 3 F-22 KNI RATIRES T #0471 Ay

je 7 AT
RN 246.34
WL R % 35.22
MRS 12.31
TR RS 9.55
A AR AR 50

i ELIHIA S 3. 4 iR
3.3.3 AEIEHIR

ASCRAT RP-3 RS LM v AE B R G b A, o ORI IR B 2 S B IE
W EREEARIT, AR Z AR AL, A SRR A R SIHLI IR AN KT 150 CHE IR
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HIGT AR KA. H RS N HLE PR & 0 TAEESR, K& e EA KT
70°CHERNIHLL R LA
% 3.4 i EVIUGAME

HAL L2 ZHH
&3 2SR PEIC 5
il Jii &/kg 1720
IREEIC 20
b el JE £ /mm 3
TEIC 0
R TWARZE R AR 1 Wi = /kg 33
WARZE R 2% 2 Witk R B /kg 34

334 HEGERESH

LB AT IR

FERESLA HAT EBUABN,, ASCRA T m s R A MR R A R B ARG, SRR T
Bl bR BT I R A PR B AR TIX — A AR R S A 8, B R EH I
AR AT EATIRUE . FERFH Flowmaster SRR EI, AR T 1cem B8 g ARG 1 5 4k,
T TR R AT SRR AR B0 R 2, I ELAE Fluent B2 rhot LA b 50 e HR ) 4/ 2 T R
77 A S, SRIE T Flowmaster 3 5t 45 E R IE R .

FEARE F I, RAVAE K — & B, UK E AR AR SN0 AR AR A A 0 56,
RIMEBAE IR T4 B 3. 14 45 T AT 80s B ZI, MU bk AR 7E S Bl n# )
UL R S B T RGBS R R U OROR, AR 1 AT B 45 R &
B a2 BRI RS = B S Bas D . TLUEH, FRAEZMT IR EZE L) 618K,
PR 3. 2 ATIRE TR KR IR 605K

K 3. 15 45 TR 20T, 403K A Fluent #44- R Flowmaster i3 3813 MLk F
PR AL SRR IR FE AT LU 25 SR o T DU LS DS 1) R AR I 77 1), SR AR A T S
B PR AR TR BELE WU T B2 W06 o ZENUAA S5 i AR S i AN AL IR EEA ) &,
Ji BRI TE R FH Flowmaster T30, A5 Re Bl f 5 A RIATL B Jig 35087 A ROt 1 B 485 TR i
HIE AT A, ASCRIRAS) L s 2 & 8. ATATH.
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AT A AVE B AR Gk e 0 1 AR BT T

3.28402
2.00e402
283402
2 fle+02
2.20e402
2.16e402
1 9da+02
1.72e+02
Kl 3. 14 [R#EISMRIT BT E R
690
660 . —a— fluent
i —e— flowmaster
630
gsm? . .
) 570 | ./.
B 5
£ 540 |
2 I
E 510
V]
2 I
480 +
450 +
420 +
o 1 1 1 1 1 L L 1 1

Length/m

B 3. 15 AN THEEIAE T Be VL A1 T i 5
P AR PR PR A MEE I A AR L LA 1 AR AR R L kR AR R R FE R EER, T
HAERT 10s, =FHZHRK, (HAGE FEREI (8] (A2 (e IML, X7 th T b A A At i
KIGH EHRAIN 0~1s, KIFMEERAN TR R IR ARFAR, BINIAAE AT 8] s 2
R, BRIHAR H1 S R FAED S BE T R IR BE Ly 65KWIM= Syl AR A1 4 1 AG A M0 RR PR A MEE [

WEREN . 2 50s Ja BN AL E FOZHTAR, LI BB N B S BEE 2 1 B &1
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7.
70
60 - — WA EE
R AR
[ [ ALy A
E 40
= I
< 30
= L
=
= 20 |-
= -
L s
o Sommmmmmememmmen
_|0 | 1 i L 1 N 1 i 1 i
0 500 1000 1500 2000 2500
Time/s
Kl 3. 16 ML LB sl Bm 2 B
P YERE¥2

B3 17 451 T s L AR bR AR 1 iR P e TR AR 1) = 4R B IR T 1), 7R R
B 1 RIS 10 AN R, SERS, RTINS SRR AR N 11 B R 1 FRORAMR,
W12 FoRNERE, FRE. YATIFGR)E, FRAVELD 1 AMRTENRE B O°CHuE EFH £k 325°C, 4
50s Ji7, FOFEORRE 325 CHEAMNA . 1Kt BT HIAART ZIFR #AEE 1 412 T I 5 0K S i P A 22 1R
K, T R AR B AES 1 AMRI A s mE e K, 5 IRE SR B, iR
e SRR IR E R, SR ARSI A E RN T2, FImRG#E 1 4RI T e .
WSEFETT ), ANAI ) PN 5 B SR PR . B 77 LA D3R 0, 24 1000s e BRF#AES 1 P il B il
Fads, ANRIERLEZ LN REEF L) 140°C, RUIBG A S E MR .

K 3. 18 45t T A A 1 R ik IE 7 B VRS 7 [RDIEFE oA BB IS 18] ) 254K, S5 A1 £ Node
(L R S0 P B s BRI . RV S A R LU BB AR A, (HD AR mT LU b8 P B ) 1
5T BE R I R B IR S 3 4y, A4S R TR B2 /MR IR BE IR 140°C . ArBHFR#AEL Ry H R
LSS M AL B A B T B R
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Temperature/

N"O’es

10 500
12

K 3.18 Bk 1A T AR KR AR I B2 A B N R) 22 4E
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BRI HTHE R BB, W2 TR A AR v YR A i A 25 A, BRI 22 i A 5 B e
IR EE, IR AL A 5 ORI BE #5 A  AOIRERRT, 0 B AR AT IR, (Al
e AIELEEIT a6 2218 Bt D T RS, BRAR AT 7 HAIA SR A L R I H AR B, AR
BRI S B A L 1A AR Y 0.9, B RATH) 20008 I %), I TR 9L AT B Sl
FERANET b, 320 3 AR S48 B A A R0 UR, RIS AN % I\ TR R R E
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TERRM R Gerh, 43 5l M a7 i ARG A &% 1 A BT T RE A 0 IR AR A DU R T 1 P
R — S B BT T AR AR AR Ak . P 3. 26 T 3. 27 £5 HY T BRI ZR 5 Hh i ek A R ek A P R
A PANIAE S AHE], BRI AMN G T b — AN AR A A R R AT
F AR ZR Ge o RE I 7 2, TR 1) R AL el 4D [ B 85 A B ot 4 A D 7 SR e 4 P9 AR T A
SRS BRI AR PO MR RE I, TG 58 A A FH AL 4 R R . AT DL
AR (WG R N2 458kg, Harith 15l 805kg, 7E KATHT 15008 N, KAT AR AL IHREN
SR AR HOBAH, (AL TR REIRAS s B 15008 B, i AR ARIAER L, (I AR P SR
WIFIRIE, BRI WATAES SR, RGERPRIMIEF T4 200kg.
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TRA, MR RS . BJE B T7E 1500s B A v R, BUA R s IR 1 el
MR NGRS, PR Z 2 3. 28 Prosiseifl LA PR LIRS . 72 T4 2250s
I, S A PR RR R A, SRS R, IR R T B E AR R (R B B VRR A RS 2 TR T
P, A v R ABR R e i e A O MR IR TR PR, AR 2 1 b FE TR
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ZIRIHE AN, X5t Tk AR AN 300s JETFARTH FERR I, B TR AR/, AR I HZ B
NG

FEIE] 3,30 FER 7 ANGEIAS A, BRI 2 A IS IR A R S — g, LA E
TR R IR IR L AR e . T R B L] 3. 13 TR, AT A AR R R el R A
I, BRI AR S 5 A A R B AR A AR o BT 5 1 AR RO A Bk AR AT
PRl e R R AR AL B B 5 S A e A s 19 0 2 AR ORI 8L 1 el A DA SR e v o
FVE BN, 55 3 ALHIRAIM 2 1V A L RS IO s A SR T VA PR B I
DL A RAT WA IS 200706, 9 A 2 3 AR B2 B 799 il AL ROIRE, M2 il 2 B EETT
B T4 127°C, TR 3 R TR R T4 133°C o HHT T AT 4 AR RAH T A 3 A & it =
SCETEy I R 1, DIRAE KAT AT 2300s A, RS A 3 ARAHIF, M 2300s
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WA RN ARGE, K 3.31 MK 3. 32 73 iz 1 B ZR K A T 728 50 RN o R #E 1
Ul. R, £ KATZ) 1350s F1 2300s I, MAMMIELEE 73 RIE S TR A A S 1 AR ZR A4S 2 1
SRR, ZRRAS W AT IT, 2RV ANRAE R -7 R VB S T AT 28R Ry, i b A o
BRI IR R ZE R A8 1 7E 20008 /5 [FI XF =SB AEREAT 17250, ikl 5 &<
IR T R R TTAE T . SRR, P EIR A Z R &8 i 2R A VB o B AN TR HEAT T
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M, BHE WATER, WIAZERE LA (2) WHBINZR R EN B 78K AL T 11kg A1 0.7kg.
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(c) 19 5 3 AR FE B IS (] A2 4k (d) 75 A3 4 BRI FE Bl I [A) A2 4,

Pl 3. 33 5 TRV NS [ B 4 AR
3.4 KRN

AT T IR AT Flowmaster #4522 1 A id AT S8 AVE B R G0 UM R AR, SRR i
R AT AT ARSI R 4R

(1) SRJH S5 28 08 R PR B BT AL ) LT BEAT TS R 28 ) 70, I3 T Fluent 24,
A3 26 Y A 5 W UL A 5 R IL R 2R AR AT K — & it B TR A5 S0 o SRR AN T SRS, 5 T
AR LA AR R L - S8 7 SRR BT AN, el S A R A
FET] DI RGP /AT S8 AT R e 35 = 2RIU SR AT AT 1k

(2) dEFERHA Flowmaster AR AT &, 2 THISCE MR G TH AR,
KA B R TeiE S BT R IAVE A RE P, F8 1l A S B AR e T S
IR

(3) R B AEEAE N — RIS BRI INLAR S AR A 18 AT DA ZR 7% B R
KIS AT AVE B AR G005 58 AT LRI 17 A SIH LI TR e 442 HIlE 150°C 2, A A2 L%

BT Ko
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(4) LR L AE IR 37 2 G 10 R AR IR P B AT I (8] (R 9 n S b T Ja PR e se , HLARER
T P b Y R TR Ry /0 4 140°C, RWIHA AR s = AN e 1SR 70 AAE i
HIFY) 800s. 750s Al 550s PR IEIE N, SRJEAEIRTTHIME T RSt ign, B2 UTEH; bk
NEBRIRDT, Ty AR AR AE Y[R L T e BT BN, T A v A 28 A s o
(K178 EDVA 200 O RIIR AR B T RAF I DRI S — 2 g S7 e Ol AT SRV B R 4t
TR HR
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BT BFER THRAEERGH Z MRt

=5, SRR AT A (Al AT SR INVE B ARG 1 HN SRR, dla
XHALRAT TOU T WATIRSEAT IO, B8 P AVERAG P EE T RGN HLER, BT
PE B ARG ZINAATIE . R B0, AMUERIIE RS 2 TR TR, Wl
TRUES R GEE I 2 TR BT TR IGATSR T AT S DU TR/, R RO IR
i)

BEXT BRI, AT =BG B, S ASCER AR UTRINVE RS, LR
B PR R SRR |, RV AR A R AR IR 20 Py P, BT AR, DAZR R YA S0 FE o B R 4
WFERAME A I bR, R TAREREOR B RIBCLR K%, AE Isight B Hh T
P RAT SR INVE B AR ST RO A

4.1 RIEITIBie KA
4.1.1 I IRL &

FeGe ity WL TR AT DA b it BID ik R 1 vk =BG i WL A
W VAR Bk Al 7y ek, S, REhEZAE T R NBL B AR T SRA RGN
figE (R IR AR /D2 FEAN R 1) 2 1) AR AR L2 MR e L, 422 SRR B TH AR A5 21 1 45 RATAE A2 R
A, miARE R R

AU AT G5 B 55 74 U5 [ 5K I — R ) 2 22 R 5% (MDOD . %757
BORBE AT R RGN BT, DA TR HIE S AR Z ARG KRR, IFFIHIE
IR AR IR R G i, PRJRARIE AR 0GR, I Rr € (AR SR P R A2 T
TRG (THRD, BAFBERNRMM. X —T77208 % R AE G AT 8 ot LHEd.

A FEIE T ERU BT BRI Rl A AV B R g e Bt

4.1.2 KIBHRA!

g it IR T HAH P AR R R R e Uig, A2 Rt MR s
BT RSO TAR O 2R BRI TR, AREWARIT A HbA = RH]
T A ARBAE R BOR G5 SRR KRS, RN TSR R AT T, AR T Sd A,
BEREME S B 2 AR 5, XA TR &

PRAREEREAY, RARIEAFRRS I O T AIE — SN, TSR, Hit SR
588 el BRI 45 R AR . B R 2 RO T — A B R e B A AR
I N AR %, AR R G R AR ROR B R A i i 2, Seil 17 oy
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AT e AVE LR Gebk BE 07 1 AU BT AL

PriEits MDO THEHESRHISE R, (A3 R4 RGN 2 2RO HIU RS TS 47 .

AREEAT 73 BALHR B A A R

LI it

I BTG A R TR B ELS 5 57, B el &3 e iR b 1 s k. B2
FHEHIL A AR AR (R HORE HE0E,  RsE T A3 ABASE AR i 55 RE A A A ORI X 26 S5 23 [ 43 AT
Hole ST —ANRIFIRE BRI, FEET =AMB: R RS4R3 4T

TEJF BT, WM A ARG, BRI RE . fr TR ik
A S S B4

(1) AHrHERK
RAGTELL R AR, BGPTSR — ik
W RSB RIEZE AN, FAEE R (i =1,...,n ) AKTH,

Mﬁ%%ﬁﬁéﬁﬁﬁ%%%%ﬁ%ﬁﬁﬁN:fjmoﬁﬁ%&ﬁﬂ%%ﬁﬁ%ﬁ%%%w
e N BT S T 8L U A T A A 0 IR O

(2) ERTkB it

JEF IR EZ I T O 2 TE AR 4 1 B R 2RI ORI B v . XM TE
SARERIHEL, KRR THIEHRH R ORI, B4 140 T 4 3 H% 3 ATMH
AR #ehs o

RS BR

Xl | x| B
1 1 1 1
2 1 2 2
3 1 3| 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 1 31] 2

Kl 4.1 BER 3 /K IEATIAE H bk
(3) FL T8 J74k (Latin Hypercubes) {36 % it
e AT S BERR r AT v B TT R, AEARREAT RS RS BEER A BRI, XA
TIRERL r B T 7 e < r BLT U7 SRARLT 7 AR AT I U T VA B AR T ST #&  (Latin
Hypercubes) X385 it. J7ikm 2. E&NHERZBEAZEEAER AR T, 8550 %1%
T2 (B AT A XA HAE — MREA o IR I8 B J7 vk B % F b AR A A5 R B 15T
I, AT DAE CRUE W AR REAS OB IO 0 T BRACTH S AR A
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SCHR[S8] 45t T 5 Bt A A EE B ARS8 T S d A a3, PRI AR Sk
P T 75 B B T AU REAS s FEAS U AIE IO 207 9 N Tiki6 sl i Bl Isight 14
BEATIEIUPIRN, AR .

2.3 el 5 %

BRI AR b r] DUE IS SR S BL,  BIUR R CUR0 A 4005 R IR T A S
M 7 A Y 00 S B T SR RN S AL I e AT AU VR R AAE IS AR BE R R e A T, B
XS BT T RIE I WA FEAS i, B 5@ M A B R AT SR U & R 5

AR L 2 IR I A 2552 (1 n MR SIS B AE A (n-1) Br 2, 25
AR IZAS 22 TR THE AR RN AR 1) R G AR, 5 HI 48 77247 Lagrange #ifi. Newton
#{E. Hermite fi{EH5%. (HIXLL 2 WAL RN TG ZORAL, PIUIEA A T RRA .

R AT AR BB AL A 2 10 Qe B TS Y L Kriging BEAY L 42 ] i bR IO R RN T4 8 X 2%
R o T 20 T 7 SRR 0F {2 kR R AS v 10 20 4 il R AR B AR, B R R
U ESNE, HHRIAERII; mH B TR ENE, RS IR S RN
| 7 2% DXL 2R 2R G LR PR RN o

AT AU RO RVE B R G007 SR B RT3 S R e 36 22 i i 17 i A R A Dy AR BEABERY

25 T 2 o7 T 2R 1 KRR A ON

f(x)= ,BO+Z,B, X, +ZZﬂU XX, +- (4.1)

i i
Hoepx &mygEARREXIETANNE, B B L —RRIMSEL el —gE s,
AT DA B 1) 5 B, SR A 22 T A0l A AR (1 O Bl e SR ) i B 308 6 {58 FH) - B 22 I [ T 68
B, R PR, Hdm=3, RMALWNMEOI(M+)(M+2)/2=10, HDHE 10
AWK IFEAS 2

f(x)= ﬂo+2ﬁ. ><.+ZZﬂ., X (4.2)

=S
XT3 R 3K, IEASAE: 9 UGl 5, R 2 i me S T AR AL R Dy
() = By + BXy+ BoXo + BoXs + BiuXt + BorXs + PsX
+(ButBy) XX+ (Bt XXt (BytBiy) XX
—RRIE, EACBRIY F  5¢ S T OCR U AR T B S 0 75 e A A Y
P ERE R, PEHEAT 1R 22 70 A I 30 5 A DA T AN T«

(4.3)

i(fi - f‘i)2
R =1-2— (4.4)
Z(fi - f_|)2
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o |f - f
RMAE = n?zalx(%) (4.5)

A R EEAHEBAR AN, o SR BRI B A B, f, A% A
PRIV B, F, RO REA A BRI H SE 1040 8 . 24 R® it 0.9 I WA B A AL 1
FEERATATHY, RO MMEEREIE T 1, RIS A FEE L E . RMAE A i K 4a %t 1%
7%, STD FonREEAAIHFE A R 7R . RMAE BT T 0, RIS A IS E
T o

N T RS ) — e Tk, N ings t AR () i A IR

(1) BRI Wit BT aS 1 e M B R T I RE A S X B, Hoh
X = (X, XX ) s A =10, JE—Sm A ]

(2) F RS HT A BRI (7 V= R R G AEREA S X R AR Y, R EA T R
FIVBEAR (X, y'), i =Lnf s HA Y = (Y, YoeoYg) o R q E I REAE

(3) BL—EBAREART IR, FH—MESIEESE R f(x), [ f(X) 5y /5615
A, IR TR AR R AT R 50 . an A0 & 5 T kS BE A R 20K, AR &
VUK S R A 2 Y, BB AU G TS P R R vk

4.1.3 I EX

R 4 /AR AL B0 A A% 5192 (Genetic Algorithms, GAD. #EHMLIE K 5k (Simulated
Annealing Algorithm, SAA) %5, A SR I A& — i B B LR K B85 A R BB R R SR
flVE T R G B IRV R TT R

RRADUR K St — PRI 4 R R, R H D R Ll [ 4 o R G R T 15
%o

HERE . HEARTHRE R > w, FEEE A, RN, ] A Py o B i 2
FF AN IRAS, NRERER, WA HIEDR e TG 5, BANR AL 2P ERRES,
BGTEH IR IARIEERS, WRECA I/ .

FORAR Ry BENUIC—DHIAGME, DAHABAR M S AT LU, R 3l 519 B
M2 2 s s): ERREZENM, L€ RBERESX IRBE ) ((HIZ R 5) 2 b
T [6 Ry38 i M  T R/N) TRL P REBk tH R i, R m g, B4 245 TH
B E
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FAERTRRA Xo

PRI ETo

BEHL™ A —BRREX (—
L2z

etropolisiE N
AR

Bl 4. 2 BB KRR
) Metropolis #E A :
1 it E(Xe) < E(X)

(4.6)

(- S~y i Ea) > E ()

e p FRIERBAEIIMIOMR,  E(Xe) B E (X ) R FER RS FRIEMRAE T
FOREBE. e T B K B L O, BDBEIR B, 0 B BPARAS O R N T 24 AR Aok
THIBER, NSRS B, K2 BRI AR SR AR TR R, LB p
B RS E. SSRE T LIRS TR HR R R B
A4 B R S R AT b, 1 4, 1 BB K B 5 AR 1 R AR LA
4.1 LB KU 55 000 R AR e

LR KA A DAL 7] AR
e ER AR
G AN BUEYME
RL7 PR AT i
AE B R AR AR TR AL
& HIE R e AN BRI RE

49



AT A PVE B AR U R O L A BT BT AT

Brubz b, 7 Isight B R 7 ARZ LIS, B EEMR AL, SRR EE L
AR, B LEAZH AT

4.1.4 Isight 3B/ RAAKIZ B
4.1.4.1 Isight ZX N 48

Isight BfF2 S ERUSEIRAL BT T 6, B B T S AR A RIR AR I T % 9 5 e 3
777 1Y) GE9O R KAWL H o ZEAE A SR RS T A, (BRIP4
RO G ATREHESE, TTHER S R, 2R 07 BRI RIS, A BhaR K A L Th g B 3
WREAT ], SCH T SRR S A e E i, TR AR Z R, TR
WA T RERTA,
4.1.4.2 SRR

ACHET Isight FAFIRRRIRIG BT ARG TR, WHVE B RSt T e Ry
R AL BRI 4.3 PR

4.2 HEBRGT RHAR

HeF ORI EAR IR, BEXIASCIR M AGE A E AT AR AVE B AR S, A BRI R
I, AP ERARZ RS AR Py P, it 28, DAV AR FE o B AN BR B s S 2
AERPLAE H AR, SRAMRERBE R B AIRLUR KL, 1E Isight BPFrROTREGE A E AT AR AVE
B ARG #A st T
421 LT E. ARFHEBIFRBBHE

LA BT AR B ik e

EREHAGTET, BTe&l, . PP R EE - DMEENIUE, B SERHIr%#1
HHTEE, SO ARG rh ARSI A R IR B R, BIE X, . PR =
MR R, Al 2 RERINLE SR, EHTR 4. 2 Rt 22 E R
EVE DT e Ja 805 A

® 4.2 Hil it AR Ve v

RS Z4 R 0
L, i AR 5 R 2.0-4.5(mm)
P WARFR R A LA EIIhR 5.0-25.0 (kW)
P, WBAAZE R A 2 R H D& 10.0-20.0 (kW)
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( wrx# )
v
|t gsstee |
v
YIUARE A R R

v
(CoserEARERE (At 2D |

_ARjn _ v
| Flowmaster :_ i=1%n
PR | BEA A A

4
<#$ﬁﬁ%%ﬁ§\%ﬂiﬁ<
B
Y
| rmpmer |
!’

HREALLIR K B i
v
ME B R GR T R

SZAENERAR
R LW

K 4.3 kit
2. AR
BT LA 25 B i, ARG SR R G AT T Sy R R = AR R+ A
AR VIHFEUR A ZE R A 2 R D 1E s — R bR, BIA:
m=f(,.P,P,) 4.7)
SELEA S oA R SR A B bR, FoRICEAME, AR [F B 2 B R AR
BT 3T B TSRS F (5 i, DRLGTE R b R 5O BEAS 2R () ] B 410 75 2B 2 ST 4% o
SrEIREEAY, HE AR R, EERAE R,
(1) BB E
m, N —HAHERE, 2 AT RS E 2 J5, A U R AR R B — AR T DA
B AV [, KR AN 1 R L
m, = f,(,) (4.8)
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(2) ARZE R L IHFEM) i &

W AR, AR SRS ST, OB R AR SRR, AR L I bR AR 2 A
MHARAY,  dRTTS RO TR AR 25 s L FAE TAERII (] ORI ZE K48 1 AR D2l 2
FOHRERI RS, TS R A R BV A, U AZE R4 1 MR FE S VL R,
M A SR ATZ B AR, RZRE 1 AR B EAE T 514E T =

m, = f,(l,, R) (4.9)

(3) TARZE RS 2 IHFEM) i &

FELE FIRBARZR S 1, WA ZE KA 2 W EHEFEE N Z2 2, « P AR, semm . Ktk
WARZE s 2 TR H I i S FE v LS R T

m, = f,(l,,B,R) (4.10)
3L KA

YT VAT AEE RGBT TR S, 752 R RUEERVE B R S0 /E S BRI AN
BN MR RIS TN BEARBEEMEN, EAREG, SRR 23 K SHLT
TN LR AR R AT 18

XA RS, HRFER AR RIRZ R IELEAL,  IRZR A 1 W HI D)3 P AR A7
R 2 RN P, B0 . PR, AR R SRR I TR BN, HUAR R TEA 2,
BRI 2 R EE  itksr s Rz, HRRAEEE, RS KA H DI ZORI,  HLARR 4
UUBRSEIE I,  RIR IR AR, R BINLAIR S . PR B G T R R R £l T DA
Bk

T =fd,PR,R) (4.11)

LI FAT HARED R

fe(l,, B, P) <150 (4.12)

i bpnk, HEE RGBT N (4.13)
minm=f(l,,P,PR,)
T, <150K
ot 2mm<|, <4.5mm (4.13)
5kW < P, < 25kW
10kW < P, <20kW

4.2.2 MIEHEAR R E RIS HE KR

Bt ERRABE BT, R4 E T IR RRMATIR T, RS T A R T ik
FE Isight B AF B3R T 25 HATaa I A, SHdRE =482 m A i 4. 4 s, 7]
LA H A A S () P A 2 50, AT DU AR S s v 22 1) ) v B A

52



LA KR8

PR L
[ ]

i

105 WidEREINE R
K 4. 4 AL THAIAEHEAS 53 A7 ]

FIH 25 LHANIEREARBIRVE BT 5, 78 Flowmaster FHEAT T 25 A HiH&, 19319144
FEA RO LT AR LR (7 ORGSR R AE M 3R o 7E Isight B rhoxt 017 B0 % 25 RN
R BT HEE T, 1325 Pareto MK, w1l 4.5 Fs.

Pareto [A 3R S B AR B 0 LA R AOTH, Ron RN BT AR BT H s bR B 20 RO 1 o
BRI E %, SEERRIERN, A BFRRMHNL. ERrTE, M FIUES AT Em,
B PR PR SRR L, 6 B S oK, 291 33%, BRfhvES R BERS, MRS A DUREE, HREW
PRZR A VIR AN DI P, 290 28%, ZARAHAETIZRBOR, A AL 8] Y T FER BT R iR £,
PR G U s 6 T 2R LRI T, RR R AR S RE |, ook FLAR AR B T sz
WK, 2915 40%, FRAVEEEROMS, HABIREIGR, FEEE RSN E AR .
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P_1-P_2
P_142
_w-P_1 P_2r2
w2 I_w-P_1
0 : 10 : 20 : 20 : o 1w 20 = a0
% effect on m % effect ont_f
(a) BETHAZER H A R H 520 (b) BTHAR &0 LA A I

Kl 4.5 BHGHEAT HE5 R 5 B TR Rk R
423 RIBRBAEST

KH 4.2.2 7791 25 HYIAAFEAKAEE Flowmaster HR47 BLF5LE5 IR, 1E Isight B4R
JH =B 22 3 2 T R0k A b MO ) AR A A IE AR, R .
(D X FHESRGTRI TR m, AaE i R AR
m =0.2158 + 0.7605P, +0.4377P, +6.1269I , +0.0001P? +0.0039P; +0.2275I: —
0.0043PP,-0.0882PI,,-0.1219P,| ,
R A4 3G T HIEEAR RN R 220, AR T, ATTEE m (AR AR AL v
HIN, ATCLEEAT .
4.3 HUARRWUE BT AR R

(4.14)

mZEERM YR ZE RKIRE BT iR %= RV iR%E
(Average) (Maximum) (Root Mean Square) (R-Squared)
wZH 0.01428 0.07051 0.02043 0.99532
! 0.2 14 0.3 M 0.2 i 0.9 P I

(2) WTZRAWBIBRMIREE T, , & AR
T, = 237.7759-0.3561P,-1.4342P,-38.86561 ,-0.0027P? + 0.0162P2 + 3.569817 +
0.0042P,P,-0.0111P], +0.1792P,l,,
T4 4l 7GRN R ZEE, WRT T, R E T, AR
ERVIEREIN, LU T N —2 k.

(4.15)
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F SRR SR 22 A 1 S

K 4.4 FRAHURM TR AR R

IR PR % BRIRZE BT R 2 R FI7 iR %
(Average) (Maximum) (Root Mean Square) (R-Squared)

®EE 0.01157 0.03451 0.01443 0.99771

SEAH 0.2 i 0.3 W 0.2 1 0.9 ML I

FUSTEATRAGTE SN, Tt B b bR AIORN 20 3R 4% A A R AR 3t ] DA SE AR AR AT 55
SRS SE b, FRATH A AT B AR 75 22 T R BRI 5 m,, N BT 28 A B TR 74 1T
M. m,, B SCERER A B 2 0 S TS AL 6 A3 ks TR . AR

(3) XHTRaAEREmM, , Wi FCERBR .

m,, =-0.0003+6.7642l,-2.248412 (4.16)

A5 T IR BRI R 22, IR, RRAESIT R m, IR FEAE fuvr
WK, ATLAEHT T —B k.

F A5 FRAH T E AR R 2

RERA P38y PN BT R 2 R “FI7 iR 2%
(Average) (Maximum) (Root Mean Square) (R-Squared)
RZEE 1.7582E-5 4.4092E-5 2.0626E-5 1
2% 0.2 4 0.3 W 0.2 4 09 ULk
(4) XfTARZE RS L EOHAE R B my, g an AR AR
m, =0.516+0.6721P,-0.2272I ,+0.0011P? +0.0394l > —0.0775P] , (4.17)

R A6 4 TR R 72, AR MY, TR RS 1A B0 ARI TR m,
IR R RS FEAE SR VY A, AT AEAT TR — 244
A6 WARFRA 1V HIBH FE A A AR 2

RZERAY FIRZE BKIRZE BITRZE R-FIjiRE

(Average) (Maximum) (Root Mean Square) (R-Squared)
REM 0.0126 0.08513 0.02132 0.99267
! 0.2 4 0.3 0.2 4 0.9 PL I

(5) X TAAZE K A% 2 Ve HBEHAERI BT & m, , A5G an N AR ALY .
m, = 2.2267 +0.0279P, + 0.3469P, -1.3378l,,-0.0004P] + 0.0018P2 +0.2208I2 —
0.0025RP,-0.0051P]l,, —0.0798P,1,,
T AT TG RIN R ZEE, IR, WRZER S 2 W EIBEHAE R i & m,
IR BECE RVFSE LN, mT LT S — k.

(4.18)
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R AT WARFE A 2 v AN FE i B AR Y iR 22

IR PR % BRIRZE BTz R FI7 iR %

(Average) (Maximum) (Root Mean Square) (R-Squared)
®EE 0.0098 0.03555 0.01399 0.99727
SEAH 0.2 i 0.3 W 0.2 1 0.9 ML I

424 HEIBRGHEZMNIEIT

1E 4.2.3 R et AR A, LB AFLL A H bR R BT LA BT T AR B R
&, JEIRZE SIS M RE RE IR B T R R, BRI IE . BRI pE R
FI 4.2.3 5 i i) i 2 T2 R TS A 5 MDLR K SRR 25 AR T 0 A B R G2 7
ZHATRA BT TAE

Kl 4.6 43t 7 AERBIR KB P AT 20 A AR, B R T BAR BT A B m S
PORGRAT 2 R AHLIIRINR L T, e — Pk aE R . IRAEE — 22, BBEHIR e WIsh 7
%ﬁﬁﬁﬁmﬁﬁsmm,M%:wﬁ%,uﬁEg(%M\aﬂg>ﬁmﬁmHW%mm
5, mREER NS R, B 1-3. 4-5. 7-10. 11-12. 14-15. 16-17 DA K 18-20 251
B2 TR m AR /NRE S, A 3-4. 5-7. 10-11. 12-14. 15-16 L) J¢ 17-18 %2 1 {H45 m
BRI, X558 T HILENEN Metropolis #EI, HAERHEVEAR IR, MR 228
13 HAR R BRI R sl . BT, 7258 10 515 17 BB ahilid 7 150°C, 40lik 3] T 150.4°C
F1156.6°C, RMXPDRALERA I SETE, & 20 BHTFHIELR, WTLEH, R0
R m N5 32.8kg BT B B T 4 25.3kg, K IARIEIZ S F B A MR R A R .

40 1 160
° 4150
: \ A \ e /\' *—* J140
36 i\ — e ' 4130
—m— PG R 4120
34 —o— LRFHIRIEE L 4 110
[ \ ] 100 g
s /\ . J90 B
3 30 - 80 %
=] - 70 —_
i Q.
> 8 \ / 160 E
I R [F)
26 [ i . _ 1% =
- 440
24 430
I _ ]
- 420
2 [ ]
L . J10
20 [ ey T 0
0 2 4 6 8 10 12 14 16 18 20
FEAC IR KL

K 4.6 HMEBE RS ZIBTTRT 20 PSR

56



P S R RS 2SR S

BT Isight FAFSHO0IEFE 6 i R AN BN 1R AR, AR AN 2 )t AR A I R b ) 4
4620 BHAAE R . Mg T2 RATHE SRS BRI E m ISR,
ZEE R 1742 S8 153

m = 22.036kg (4.19)
ANy

l, =2.639mm

P, =5kw (4.20)

P, =10.504kW

N T BRI 2 B 15 R AR R Flowmaster 3 EUE T 125 R, 7E Flowmaster #1215 1%
(4.20) Fram@ i Ts ZiAT T — ARSI H, TRTRESR SREENEIREN TR 4. 8
NS
% 4.8 IR 50 Bt HaR 7%

5 H m (kg) T. (O m, (kg) m, (kg) m, (kg)
e Litl 22.035 150.0 17.8502 2.5575 1.7974
HE R 22.131 150.283 17.8501 2.4764 1.8131

e 0.47% 0.23% 0.00002% 3.2% 0.86%

AL R FF H, B 2 0 m AR 2 28 0 AR GR K AR AL IR AR . TS Bl
Flowmaster # 4 1R Z 1R /N THESE R . U1 TE m FBUE 7 45 R 5B 1 5545 RAUAH
7 0.104kg, RZELIH 0.47%: F3RBHUAIRRMIREE T, BB 7 45 5 5 BB T 5 45 R AUH
72 0.283°C, RZELIN 0.23%. F IR A ABAA AT A B T B R 5 HE 17 B 25 AR 2 F
HN, ARERAY R ATEEMN.

B 4.7 5 TR RT IS AU R IR ELgE R, aTRLRE, ik s iR & m 4L
WG BT s AR DTS TR BI85 20 7.814Kg,  (HHIARFADTE TR 1Y) 26.18%, HUbiib TAERH
B, SRR R BRI SRALHT S AN BT AR R AR I H AR R S AN A
HEAE IR 4.9 FiR.
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)
f=]
T

- BN
B 146 R A
25
20
=11}
=
215
[3]
p=
10
5
0
m m, m, m,
[tems

K 4.7 BVEBLR ST RALHT 5 AT X E
* 4.9 WEHRGT BIER

Wit AR AR

I R P, m m, m, m T,

w w

(mm) (KW) (KW) (kg) (kg) (kg)  (kg) ()

etk
2.639 5 10.504 22.036 2.558 1.797 17.85 150.0
ghE R
Yk
o 3.87 5 19.58 29.85 2.073 1.6 26.177 131.011
BT

4.3 KRB

A EAEH = R A AT S IV B AR G FOH SRR b, W IVE B ARG ST R T
PeAe it T, EELRIT:

(1) 32643 I A I 0 1 B VAR 28 R 2 P A BT AR o e I e M AN e AR AL BT H A,
LIRS AES J5 AN I AR 2 A i 1 AR D R AR s ihAe i, DARAE R SLI R L R
VENZIHR AT, EAL T IE B RGBT R AR

(2) FEMEPE I RGBT R b, MBI HOR, e BEh T8 7 K1
BBt Ik, W€ T 25 ARG EHE, FRI A6 EE 7 58, ] K 2 T i b i AR
RS L R] BACT O SRR () AVE B AR G i AR, SRR O RRLR K LR S A
BRI AR &, RIE T —FEET Isight AR FIRE B KRG MM TSR,
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(3) ST ASCHE T A P E K AT RS T . fE AN RATIRE R, RSN 2.639mm
(RIRE PR, WA ZE R A8 1 A 2 IV 0T 3R53 )| 9 SkW 1 10.504kW I, "®AT & 3AVE B R S (B
BRI AGT R R/, 4 22.036kg.

(4) A F R MEET Isight FAF BEDLE K 25 B R R A 45 & I AVE B R gl fb
Wi B RAF IR EE A S TR, 3T 4620 DARATHEAE SR SR AT [ 20
5min. BRI ) H bR o8 AUE 5 K A Flowmaster 17 B iH BRI 45 AR Z 2N 0.47%, £
BB Y LS AR A RS B AT AT
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ELE REESRE

5.1 B%5

BEE MU BRI AR, B AT S0 A LR s B, ML P A A7 o 3 S ) 7t
WG IR, AVE LR GEORIZHT SO TR AR A SCULE A AT 850128 75 R At
FOE S, R T MG TR AR T AVE BT R, R AT T AT AR A B
AGERENT H AR BTHIIIT L. R TARBA5 T

LIVRE 7 AT s VE BT RIS RVE B AR G AR R N T A .

(D) FIHT T BRSNS IS B RS, M T Z RS T & T R LA
Thfge HR AT TR AT SN SN SR, BEXT AT S S A Gl e, Jeth
T B LR LIRSS — R0 R 2T 28R AR DRt #h 78 AT 24
BEIJTE, It ViZVE B AR GU TAR AN E 21 R GRS R R AR,

(2) BRI AR A AT SR AT B, AR A ST HE P AV BT SRR A B
RGEHTN 8 T BRI AT 288, 2RV RSt RARIEA A E R 58, ML ARG
RGHRG, IHESR BSOS b, 0 #VE B R GUT TR R g, S
H &N T RGP REE T T

2. JFJE Tl AT AR AVE B R SR RE D HOE T

(1) XA B I & AT SN BN F A AT 73R . R S5 AL RS X b
B I AL LT R BEAT T SR 2 1 R 23, JF3E T Fluent B, Jld i HIARE WA & 1934
FARAERTK — & T i B S5 T SR R T SO, 715 T R B A T K MR A IR
B, B SRR, FRBIA S 1 i R S T A ORI E AT SN B s i At
SFRAFREATATIN o

(2) DAL RIVE B RGBT A, fERDLE Flowmaster & By 17— B
MUARGER P ERGEEAE AT 3 AVE B R G AR, e | BN AVE B R G 0 0 5507
%, IFE—E R ATHIR ST LRI ATIRE S, XI5 I8 B AT 8 AVE LR 4t
VEREIFIE VARSI H . D HERERY], B RGVE NS — 2 AUTRENS BT 18> s
X BRI AR IR B ST, RATA ORI, [RGB NAMRIMIR Z N2> 140°C, A RIFH
AP ERE: RAEE R SS R R S8, Kok VR LR At A LB A AT TR R
FIZE A AN D R A 78 A0, AT AR ¥ a8 A il b U A 70°C 3 90°C 2 [a]; it
AR LR MR 228 BIY, ZGAFI2) 110°C, 5 RBNWLIIIRIN B 2452 28 A EN AV 20T
FEAFIRLE e A% HIE 120°C LAWY, WUAR L L AR I P AR PV B 5 SR A2 T #4977 DA 2 A%
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Bk K.

3. DA HAES o B P B2V AR 2 R 2 T v RIS AR I B I M A E A Ak vt s, LARG
T JERE RN B IR 2 R AR I TAE DA AR et A8 &, DAEAE RSN AR B EIRIE A
PR, AL T IVE B R G VO OB R, SRR R BB K B S AR R R A
LEEIITEXEET Isight BFVE B R G007 ST T AL BUTH I 9T . S5 SRR, 7ERR AR )5 FE
4 2.639mm, B AAZL K AR VA ENThE 435 9 5kW F 10.504kW B, AL ST B B, 4
N 22.036kg; AT 4620 ARG EAE TR T RIZ) 0 Smin:  E AR ARALARELEAL 1) H bR ek HUE 5
K H Flowmaster 1/ BLiH 5045 AR ZELN 0.47%, RFEERAIPLAREER R, A T/EEA 4T
.

A SCAERIEFURT N BRI Ll bk $VE 3 R GE i) 07 Bk ST RN Bt 2R 4T T — PR
b A LURA FZ R BIHT A

1 LR TENAE B RS B E . BT O A SIVE B RN ST, K2H0E4
X BRI ARG R IVE BT R T R ST AN B, SRR B B RE B R AL
SR> 2 3D o ARSCHE RAE TR RSN R E BT R, B RVE I R G R R
i, WERSG. WHRE. WP RS, BIEZEKENA RGP HERFHTIERSHEITE R
AT, REAT RGN B RIEAT TP A FIER ¢ -

2. FETIFAREAF Flowmaster [)#VE LT HTHR S B I 2 . f5 B Flowmaster {5
RETETFRIIEE, FEBAFR Wk AT B SUIATER, R BT I HVE BE R G J 45
R VE B 3R 48 rh (R IR AR T BN AN R B A 1 I R EAT AL, A7 A 7 B X 2 0 1T T S 1 VUL o

5.2 RBEE

ARSI AT I TAF AR AL SR AT IR T 5E i, IEATIR 2 A 2 2 AL AT LAEAT i3
D HIRANRGIE o 5 SRR TARIE AT UL JUASJT T 4R ST g -

1 VEB ARG BT . ASCHRH A AT S IVE ARG R E T I R
Gty BRI A A RGN RA TN R GE, AR % R G0 RG] A G AT T ik
WoFE . I ETATEREN T KRG ARG IR AEE RN, £RLNTHR LIES
i B2 R R G I B R U AT BN B O SE TRE BT TARRIWE T

2. BUp ARSI . T AL R Tl AE TS BN LZ LR AVE B R G R 5T,
DRl AS Rl et AT 1 2R AL, JCHRE ST RARAE R R E 18 1 e T
Jike, XN PRIMAE RS SUGETIT R TR TR RSN TAET, T[EHGEX
RGHFIR. PSR .

3. ERBIINBAE N TSR TT I ASCRA T 3O 52 H ) vy S A 2 2 SR 1 LA
BN R AR I R, b, A T AR b, AR B e A i
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ABIEIT, A5 B2 A A AT SaOnt N A 7R P A B T 5 R AT BB A A

4. JiREMABLTH Ry o ASCRA Isight BUEREAE B R GR veit Jr %, EIRRAR
Flowmaster {ij L5 Isight SRALBAFHEAT MG, DViAEHIR T 288, EREETIEF, W]
EEXT Isight 80F 58 KIS R DREAT R VE IR T, R B AE S 2 SR, SE AL A
K18 sk,
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P B S R R 2 27 1 S

Bl
1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

l,, (mm)
5
5.83
6.67
7.5
8.33
9.17
10
10.83
11.67
125
13.33
14.17
15
15.83
16.67
175
18.33
19.17
20
20.83
21.67
22.5
23.33
24.17
25

Bt X

Wi 1 WIRFEAKEE /E Flowmaster H (117 HL45 SR

P, (kW)
19.58
13.33
10
15
18.33
16.67
15.83
17.08
12.5
14,17
14.58
19.17
20
11.25
18
15.42
10.83
12.08
175
17.92
16.25
11.67
13.75
10.42
12.92

P, (kw)
3.87
44
2.94
3.25
231
3.67
2.42
3.56
2.21
4.29
3.62
3.35
3.77
3.15
2
2.52
4.19
3.04
45
3.46
2.83
2.73
4.08
3.98
2.1

m (kg)
29.85
32.671
24.461
27.108
23.621
30.12
24.4
30.236
23.717
34.459
26.571
30.56
33.034
29.714
26.87
28.296
35.908
30.721
37.153
33.682
31.407
30.847
37.21
37
30.254

T (C)
131.011
127.688
144,576
137.572
150.939
131.761
149.23
132.194
154.868
126.097
145.084
132.433
128.128
136.945
154.371
144.543
124.827
136.691
121.082
129.046
137.217
140.154

123
123.528
151.434

m, (kg)
26.177
29.762
19.886
21.983
15.625
24.824
16.329
24.08

14,948
29.018
17.722
22.659

255

21.307
13.528
17.046
28.341
20.563
30.438
23.403
19.142
18.466
27.597
26.921
14.204

0 00000 www.reguanli.con

m, (kg)
2.0731
2.2405
3.1479
3.3891
4.3816
3.8997
5.1494
4.6766
6.2579
4.8807
6.624
6.1303
6.293
7.244
9.3146
8.8539
7.2676
8.9138
6.6258
9.1227
10.4046
10.9782
9.396
9.8828
13.6926

m, (ko)
1.5996
0.6687
1.4271
1.7353
3.6142
1.396

2.8815
1.4793
2.5108

0.56

2.2251
1.7702
1.2408
1.1633
4.0272
2.3964
0.2994
1.2442
0.0896
1.1558
1.8599
1.4026
0.2185
0.1985
2.3571
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