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Abstract

Multiphase flows exists all around in the natural world and is wide applied in
the tields of industry, agriculture, national defence and environmental protection, etc.
In the recent twenty years, multiphase technique has permeated into each branch of
our national economy. Especially, it has been becoming important technology or the
most advanced branches of technology. It is extensive and deeply important to study
the multiphase flows, and the government and the researcher have been paying much
attention to it. Under this history and reality background, it is made a great advance 1o
study multiphase flows in recent twenty years, and it has been establishing a relative
complete theory system, and it was also made a greatly successful to guide the
practical engineering.

As we know, study of two-phase flows is the foundation and the forward
position of the study of multiphase flows, and it is mainly the study of gas-solid two-
phase flows to study two-phase flows. Especially, the dense gas-solid two-phase flows
is the forward position of study gas-solid two-phase flows. At present, it is only a few
reports on the study of dense gas-solid two-phase flows, and the main problem is how
to consider the interaction between the particle to particle and particle to fluids in the
flows.

Based on the thoroughly review and summary in the progress history of the
multiphase flows researching in recent fifty years, the thesis was made an advanced
discussion on the wide foreground of the multiphase flows’ study and application, and
clarified some concept of multiphase flows’ study. Take gas-solid two-phase flows for
example, the thesis discussed and classified the theoretical model of multiphase
flows™ study, that is continuum model, discrete particle model and pseudo particle
model, and made a deep and letail discussion on the foundation, advantage and
disadvantage about the three physical model. The thesis considered that all the
mathematics models of the multiphase flows’ study are based on the three physical
models. Thus, we got more clearly understand about the essence, advantage and
disadvantage, and the direction of study in future of the various mathematics models.
After this, the thesis raised a new combined mathematics model which based on the
E/E model (basing on the continuum physical model) and E/L model (basing on the
discrete particle physical model). The new combined model solved the problem of
that the E/E model can’t use to simulate the flows that exists phase change, and the
E/L model needs infinite computer time to simulate the real flows. In a general way,
the new model brings forth-new ideas to us, and it is important to multiphase flows’
study and the application in engineering.

The thesis considered that the particle kinetic theory is the kernel of the E/L
model, and it is also the one of the most advanced branches of the new combined
model. Advanced research and develop the particle kinetic theory, and establish a real
and accurate mode! of the interaction between particle to particle and particle to fluids
in the flows, thus we may use the new combined model to simulate the real gas-solid
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two-phase tlows. In addition, the thesis considered that the pseudo particle model
should be used to simulate the microstructure of the multiphase flows. By study of the
microstructure of the multiphase flows, we may get a real and accurate model of the
interaction between particle to particle and particle to pseudo particle in the
multiphase flows, and then may make a great progress in multiphase flows research
by using the new combined model.

Finally, the thesis employed the new combined model to simulate the dense gas-
solid two-phase vertical flows, to simulate the dilute or dense gas-solid two-phase jet
flows, and both of them got a satisfied numerical solution. After comparing the
numerical results to experimental data, we found that they were quite agreement. It
proves that the new combined model is right, accurate and reliable, and it may be
suitable to simulate various dense gas-solid multiphase flows.

Key words: Multiphase Flows, Gas-Solid, Two-Phase Flows, Dense Phase,
Physical Model, Mathematical Model, Combined Model
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fk+i2 —BK$7i%: ( Eulerian/Eulerian Model ) 5 BRdv—37 #% B H {£ (Eulerian/Lagrange
Model) FiZE &7 (Combined Model), AAHAEIRS1.3. 1 LA -~ TAIH
Fro RIS VEXT AR FIE AR P AR IR EAT T SEERL X &S
AL RS AT THRESEN, AR EHEE R A S Barlow M
Morrison. Miller fil Gidapow 350 8l H#H AT T LU, W& T 0W¥1& .
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AR R, AMTEMHU Y 2 M B E ARG X 0 T £ Rtk A
T xn-—M CmEEgsE), BERR S Rz, Nl g0 R
Navier-Stokes J7¥i. BEAE AN ZHFBATRIIEN, FE2FLRRKNRXMHH
¥ Navier-Stokes FIEHES N H TR MR B FEB RS, Bk, Y5EJME
MV HE AR &, A RERAERET R ER#ES, 53 7L AR
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§2.2.2.2 Navier-stokes 5 FRH HiEHE FF Y
1. A FE B A A
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LV i | B U P OO U USRI (2.3)
B &8 7

V A EmPVmim) = B(Fn—Fm) — VP + VIn+ EnPng +vevrinenenenieriiinnne, (2.4)

2. HIRHBIKE
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(2) PR RECRALRBHKXAARER AFURETS, Wilik4E
r,,7, . JRRAL (2,20, (2. O REHEE.
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EEERER AR CBORRAHEER”, &2, BUE U0 HE R BURL
REEIT . BT, FEERAER AR R0, R iR (Hard Sphere
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Restitution ) FlEF# ZE (Friction Coefficient). 1999 &, BEKEH#" %+ Hoomans
MR R IT T8 F, JCRURLES) 2 8 8 ST do 1418 H ) R HRE s m) ik A2 R0 52 3
E X b vETuR R
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Constant). FEAIFE ¥ (Damping Coefficient) HIBEHE Z % (Friction Coefficient ).
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75 B IR ) L

1996 £, A KA Tsuji BEEFRLERS-TREAHMHEE, &
841 Monte-Carlo % 9K B <[ BY HIIRCEEAT T BUERERL. 10t Ak B ™
MR P EREREA (Cluster) BE, EEFRATRSEBNE, TR
Ak B P Bk A AR R, R R E N AE A BORL A 30E 1 g
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BEAT THRLT . B R T MBI IR, R T R
A, I 2 B B Tk i B A AT A 5

WE A @ FFARER Pereira BIE5I AR T PDF #UEHIci# 7%, H 600
FENIE A AR AE R 20000 ZPUEHELIAI MR # 1 Chemnitz-Zwickau X
¥ Frank F2 R T —MBRPUERFFTHRE, TTRRFMATE HER R,
FE,

Ak, BRPEEDEERBA KFENTZEN, FEXESEHY
R P EGIR T ERBR, fe ol BAHERMFEMAR R R A LE s
B, FUai g, T H AT R 2es AR H 2R UL 3K R,
B A TR E R ki, AERNE— DR, KRNRE.

§2.4 WEDFRAE

SEMMEKRET, KENSES FRAEENEE, XEREE, X85
{43 G A TR ) 35 S0 RO AH FLAE R R AL T AN 3H . AR iR BuF, RBURT
U ARG EERES &S FME AR, M aTELT EA R SR
BAR B SOAT A BT, (B2, X BT ENEERK, ZREEA
blschy, ESNE, &k, NSE>FRELE, a4 FRULRNS
&4 T 5 E RSk AT e R EREE, AN REERPEMIER R
Hik, ERCMXERN (itEMEREGED KES4ES TR EE L 2
i, TOREERZITEAE, ST UMEA— ML ENE a8, L
S AT R TR

ETiXPER AR, 1996 45, Ge F Li 321 T RUSHAERY?] (Pseudo Particle
Model ). A RUBURL 42D (4% 00 JBAR B B IE TR 3L R CE AL R, o ok S48
th B SR S IE— S Bk R EE . MR B B AR
WFA R A AR, KA AL . FUM AR — 2 f I B R
TAFPE -

R LSRR B B0 b T ARSI RS AR T B M i £ 4 ik, AT
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RN Y B 8 DA sf AR T B T A

ST LA SRR SRR d R TR L A Tl A AH HLAE T, 00 B M 0 3 B R () A4
HAEHRERL. H5h, B THBRIINSG, SRoR RO DA, X R L
ok a8 —Fem R HEBEERUE b,

P, AR BRI AR Y i LA RS oD A Y B, 3T 1 A T A A D
AR W BUEERUE R IR T — S AR L, WSS R B Ao s 4110
FIEUhL By 4 m) AR EY, FRHRAI R RENXE.

§2.5 ALI|HPIBFEHRR

BN TR AR R #, EE S TR IS FRE R A
PR, HONEANETHRBEE, M58 TN AR T EENT
ke IR, 35T 5G4 A SR AR R T 2 57 ) 8 P AR T R4 55 i 4y R R 8
b3 4A1L, BT CAFE R 7 R EH 1 AT B0 SR AR B ) BL AR o3 Al R SRS R
HoOEY, EFEAREREEMERRAHE. MABKI ZMEY, HE, &
A FAERIAEE B B B RE . BVASRE A FEERLTH B E AR B i1 A0
A PR 3 O e B AT — ANBR AT T AL AR . BR PR E P S AR U )
K, MRS, NTE—A BB, AT HHEEAEETHARE,
S H K & MER X LB HA NS 38 A R EREE RN, A& HER
MpEEt s, AT 2T N,

SAtEE N TSRS — AN, DTAE IR TR PUERA (i
SRR, BRBUEERSFISEITRANRR LA T RABURARR
FATE OB RS R, M TRAMENRAEWRE LR, B T8
VA Lagrange 4r %, BT HBRIER) TR, WD BT BRER KK
%t TR AR B A RIZ ORI EH Euler Ahx RUEATRM. 1T BRHLUIER
BUSL B T X AN SR A R Ak L, TR b a8 AU Y DURS AL SK AR 47 7 AH A B S M
VS ), SRAN TS R BT R, X R TR IS MR R AL
(HE, BihmgEiEeEER (At EEar) msks, Bl Th T sl

T AR T, XS B P LI AR A A AR SRR R
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HIT A2t i W MR

PR AT BRER IR, BT SI OIS B T IR S Mk B H %, T
B RS FE S B RO ELPLES o) OO F R B s B ST 5 MO B 3, 3 S
BITREAS TS XY, Bt H AT LEA FEMESL RS . G, Tk
A E A R AR R B R R, B A NI R A TR
IR0 S PR S) 1 4 3 10 B (R DL R A A 18 B e

T bk al @, GE I IR A SR M A A SRR TR IR IR R R Y s R
S EPRE A, ACRBTET LR RIS EA, B, &Ml
ES R, MRERAERELSEAESBRERGRA, KR, HTXK
191 PR AR 75 L o Uk Vel G e R0 IR S S A e A AL A g S A BRI, R
TWRERRY, X E AR R RIS 5 A BUS R Lagrange A2 4R R
R iz 5577 KK A5 {E Euler AAR R T EEE A HAR R 25 8l Ny B35 20, FUH Euler
A b 22T (1)U P AR A 7 AR LS P A ) 5 AT M

BRI S E R A0 2 78 SRR RIRURLIZE 3)) 17 r= A ) & 2S5 260 B SR ) skt
BUEEEARL, T AN AR WA AT O R R () RS fe] EESEE, R R ES
SR B RS AR P AT . X, A SRR E T T B AR A B A R
HUEE A S BRI, T9Wbs ok TSN PR B A el M3 9 B b fef R
RO OB BRI O PR AR 8. M S RERI B0 B AISKER b oy CLskisl
S S A AT AT BOE RS, H ol DUAT &R m B it .

§2.6 AE/NEG

AEME L, SETETEENEEY (BEUHEE). SRPAERE (F
FIAERED ., MBS = ORI SR ECERAL (Y ik T &
fEEEARXAERA: BATH T & MREEMEHEEMNR R, DR
AU FFTE R RIS EAF R E . Rl b, 3R 7T A E TESES /R
P R PSR ARG e A

EENKH, ETEEMNFE#ELY (Continuum Model) & FFEFBUNE
X%, FEHAMEHHERERHE, 08I, SR &S
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HHLNF 12 i X BB RIS

BRI EERL, BR T EMRERT AR, S TR B FEARM,
CERENESMRMIA PR ZHRDER. CEHTEEARRE &4
YHE, DESHTHRBARE EmBE, SR TEANS & RN
A, & ERtEERREI GG AR T HHE GBS,
£ Buler 83 FRIABREAMTNE —, HTIHHEK®E: BT -LEATREEH
FHEACLFRBHEE . X T U E S W SR I, A
M A O P E AR . X5, Mas I EEYERGE LIRS
|, RGeS SER AR A .

Bk HUE#E A (Particle Trajectory Model) AT 65 [ #§ AR IR 80 67 57 /9 5 By
FE, e ER AR B ARG FRIREEE, AR CR R R AL
e U ERHERE ERER. EERMmEMN, Bifne UH T HE A A
FIsBR S (R E N R LR ), &R TIEEA FERE A E . A
M, BRI PUER IR OB R RN E AR, XAERERRSER, Bie L
BiE AT ERp R ERER. B8, hTHREIENERAKEVN, BE
AT BRER R LB B R 3, JFEPURERITE R ) BE T ER K, e
B, HAj %S LR ELRg. Ei, PRHUEER T — DR E f
AT ET A £ TR, ERXAE A& KBRKER Tsui #32. #ET &5H
ARZPE Pereira FIRFEER T A0, BB THHFREE. BIVAH, BRTX
— RS, BRPUS BRI AT R SO = KB A B A AR REAL,

RAARIE AR (Pseudo Particle Model) 22— MR E (B RJE)
W9 Lt AR AR A, AN B BN A S AR R AL EE, ifg Hat
AR E SR TR RS L Bk ” kA, XFE, AR A RS
ETHHRRBATOBAERAOGREAR, Wi (£) HEfsiE. R
VIR, @ X AR AR B R I 5T, BRI RN RSN AR A 0 U7 82 3¢ A1 ) B
&SI, A Eh USSR R G Bk ) R PR LM R AR Y . (R, RATIA
., GEMREASTIFEEANRRRY, EX0E, FEBBRERH bk 2
ge R R — LT R R, RS EEE . [ESAURF . EA A
F, Qe T Fh S RUEUR (a) R AR A, DL AR RFENL I e AR A
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AL ANF A0k L o R RARALIE A A Tl R

SRR E S

Zr LA, GEEEA TR, BRHOEEA . R R R A = R
mAEERES, ZHMEBER. HAMELE, AEANNHHEZELEEEE
ZHIER] . B R R BRIk, KEMEXRH, HEr (BEAARER
KO AT DRI s R E P RIRS,  H el F 7R ) R an ] ARG T A fe ]
B B PUEEALE & TEAFEMZRNNYE, B LAl LR = &kjp) -
PR, REREERBIGEIEE, B iRy R 2 a0 3 37 R0k 8] bk 5 1)
BRI B RO AR VL RENLI (A BE  JRARELRR AR B R AT Ui R &5 BT R B 3
WA, MWEREAYS, RN IEEN R TRERE P E . BRI
AU ) FRL o) SR ASE A ) R R R R IR R R T |, fEA U E A TERRER
DER T EAE R B SR
A XA H P ESE A R B OE R A SR AY - - ER R
. EEPTEENFRENPRPLUERM L QRN A, ST R TIEZ T
JRAE R AN REAR UL AR B 7 ) R AL Bh JE A B F) PR TL I ) . AT A58 B
F2E A48 R 7 B0 0 st Bk b T LU BN B sk S| PR AR U Bl AT BUEAR L, AT 2
LA T S e H R A= L
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T AZid AT 8 L SRR U T L D S B (RS

F=F  HIRESE A E ) KB E S

§3.1 5|5

SEWMHREERR] PREPEE T ZHNH, HRBER (R,
VIR BREE R gU B AR &, [FAMMAREBEEM NS EE. £ TR P, X X
B BRI REKE (RED BRSNS EEL A Sy mEE e,

£JF B4, E/E (Bulerina/Eulerian) {EMRIEF E/L (Eulerian/Lagrange)
KEERER A S B R AT A SRR E/L FEHERLE T LARE AR R TR
R SOHA R S R ARERS Y, EAdRBE i EERT S, HTHE
Bst ) 6 PR 6 0 TE i v P T S ) v ol P SO A5 AR E3h (Anderws, 1996) . X4 F E/E
MRS RAE T E LS LSk EMEYE Fm 5 RO R, Fhl2EeM T
HHE Bk ES EEARNRE R, B8, HEanRag EeTaH
AHAFBRASE CGARFRER R, EES) NFEEAEHSEERAER ).

a1 ] Aeh FEE R AT 1D 3 A AR U i) B AH FLRIESEE PR, X ARG 40 AT PR AR O
HBEHFEXREENMEM. B HER, AXEECEXTEMT KEMUH LK,
BT ZBMHEENEIRRER Y S AP ET 1997 FRHT T RERE
Wk EEECIR A B R AY, ERER B/L (BB ETE T KA. &
it — s w5 NERPMERR R, APFFAE BT L R 5 SRR A —Rh (6] 45 FL A
REROME RS, 3 JLERINE T Mtt— & . i Jenkins™ R Savage (1983). Lun'™
% (1987) RUHSHEMBIES T2 B M R T+ SLURL ) i A HLRG AR . B
Sinclair'"™#1 Jackson (1989). Ding'™f1 Gidspow (1990) 43Rl A& MEMYEE T BR
(RREMERERY . 7220 T )RR, TR [ BAR FLAE R AR 1 # L bof Loy
hREMZ B EAATEY . EHEUHE E, EREASRA E/E &, Bakl
E, e E A /L ERIENE T B EFR S W, Berman-"'fI Tamir - 1996
SERY T B R B S A (VST T B R A2 ) A B R KA R ]
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———,———— e — e — = —

By, {8 AIGR AR PR — Lo 3 AN TR] /N ST B ) 4 K B AR i B))

EEXAFLHBENEE E/E R E/L i E Ak, XK, BT -l
AL EA R R o T8 B Eig il FED Birile/g4H AAE, 5 -7
[ P EEFr & B FL AR A7 R R R R IR B3 g, MR A M 5 ikiE R
T8 i B & 0 BURLT 1E K PR A3 -

Z FTLARH E/E M E/L HEEMS AN EBEERR S KBERRE SRS H L.
RBTAE, BB A ANER RS e . FEINRARBREEI 8 A0 30 B OER
B 7E R A AL — U UM IR A AR RKF B ESOERIRIRA E/E TS
RS TR R, BARTE SRR B A LR P AR AW, (HAAER T
R E RN, T E/L 77 HIEERT BURI R B H 1 S0 B AT B b

BiG, BINSHA RN E/EFE/L A& BRI R, S Miller
1 Gidspow F 1992 S8 BrR SIM4E B> HAT T HA, R SEMBRER 55
1% O TR N B —FL

§3.2 EEXFFER

FEREE LIRS EM, FA19 AT Eulerian SRR FTE VA
HFR KRR (Euler) ¥4 75524H, 7E Lagrange Bhn R TR VR A BEMR A 2 #£RB
H (Lagrange) i1 7724

§3. 2.1 BEREE A4

ABTRA, A ESERERZET, FAER )8 AT 5 [
BRI T A E B YRR R, BATKA Ding F1 Gidspow T 1990 EEH XM 5T 3)
ARG, FHTE 1996 4 Nieuwland ZUVATE TFRGER FRE, FHXT5
FE0 F

O ¥ Ny

HAGF B /RES (Boltzmann) HE,
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—+1 + F :I_.‘.—{-r-lfq'l'.lr.ln.t.-I-iI-iI-4ti-'I--I-Il'IrIII-I'IlIl-!l-!I-l"lll!'l"'llll-ll'lll-lilllil 3'1
a e TG S

Horl,  F(39,0dv RoREZRIMBEAI. WA EABE Ny 15 0 A
vav W E]BERI IR EL, F R ERTEABRA N ESJ1, (9 /o)
Ly SR 498 7 5 R P R B B .

2. SRS

Ve (EmPm¥m) = 0 oot ee e aeeans (30 2)

X e AT, phEER, VAEKE: Tim=f.5, KT f (fluid) X
FMEME (RFARRSAM), s Gsolid) AEREEMH.

3. BlE g%

A

cesddining

V - (Enpnmbn) = BFn—Vm) = EnVPr + VTt Enn covverinirieiinniiiinanennnn (30 3)
Hh Fdrm=n=f,s, B -ERARME (MY m=f, Wr=s), f.s
SrRlRES A, EAM.

@it Boltzmann A2 (3. 1) #i&BI4r, Chapman ) Colwing 7° 1970 "G HE
SHEUTEHEMEE f(T,X,mt). {EdEEal B, Ding F Gidspow + 1990 %45 A

AR O IR, BIFH Maxwell 4 pf %% pr;duﬁﬁiﬁﬁﬁiﬁ

(Of / O cotinon AT IS, EXFHFEIESIR . Nieuwland FT 1996 Filid R 7
ERE S A R B 1 AT MR, % Ding I Gidspowr HIHES ERBITTHBIE. £585X
Hi Nieuwland BT HHIEE R, AT LR 2

SAHBI VIR A

T = =20V VI 3 2IUE veeneeeeinreraei et e (3. 4)

[ AH B VIR A

To=[~pH(E+ 21V T Gy + 28 e eeeereiereeieeeircii e (3. 5)

e B4R [T 7 s

pt:pf +pt .4...,4“.¢‘.....”.,4(3. 6}
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WL Aty 54 e 3 =R SR US| P AR AP B R AR AT

SIS A s SR, p! R LBIRE LML (RIRREIIE D, pl (R
AR R ) CRIBRREEE D),

PE=2E 08 (10T i (30 B)

bRk RRENEEIR, o AARMMEH. 7 AREMERE, B3T./2=VV/2, V
A ATBRIEEE R, HX R A A RS s, WA AR FiEgd R
Bk, WFEMARET XRRREAHEEEN — I RERE, FARERMNA
(EiR B, FRMARH A B 4H IR

HFE (3.5) A, & ABEEERE R, ]

1l

SHSIERINNE

E=(depd goU+eNT/x)/ 3 il (309)

AR (3.5) U, p AEFEET OIS R AL HEEI R

= pu 1+ 08(1+e)e, g J(1+1.66,8,3/(8,80) cevvrvneririinninininninnn (3. 10}

M ERATCLE R, BEHEIREREEFRAALESD —#&, Wag@Asigertt
REGIRNERGTE R EOPES Sy, HIETHIF:

I =§£ﬁpﬁdf,gﬂ(1+ewﬂfﬂ ........................................................ (3.11)

m
B TN =2 C A )
16 d?

HRFRG.HRT S AEARE, KBRENT:
e <080,

B=150(1-2,) p, Ked)+1.75p, (1= )y, —V,[/d, oo (3. 13)

%Eﬂ ZU.BEH_!

B =0.75Cie (1-€)p, v, — Ve 1d, e (3.14)

Hoh, % Re, <1000 B, Cu=24(1+0.15Re;*")/Re, : =i Re, 21000 HY,
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AL N il s AR U A R S 0 R (R 4

Co=044. R, FEHEWEEES (Reynolds number) BIFEIENXW T

Re, =&,0,[v, =vJd, /oo (3 16)

T WEAER ERGEE 7., ATALL N BIURE R A FEKTS:

V.3e,pT.5,)/2=-1,V-F, ~V(g" +q°)+y+ BV, V. -3T,)

H,
g =—5 2 e g Y1 +126. 8, /OT. 710X ceovveeiiir it (30 17)

g =[-s.A —6A (1+e)e, (1 +126.2,/5)/510T, /0% ceevvvvniiveeieerinininenn (30 18)

A = 1.025135—»::{,:13.,!1 L ST PO (3.19)

A =204e)e P 8odT /7 et reen 0 (30 20)

¥ =30 =€ ) 0.V ¥, eeieieiiiiieeneiie e e e aen (G 21)

47 Louge™ T 1991 FFTHE FHIE R, PHBEAASER YV, 5T IE Y

VW, =a4d B, 5 KpyfT /7 i (3. 22)

kR (3. 8) K, g TiRH ﬁ+ﬁﬁ*ﬁiﬂtﬂﬁ%ﬂl@ﬁﬁﬂﬂﬁﬁ$ﬁﬂ*“‘i*
1B AR, AEFEH Ma 0 Ahamidit' ¥ 1986 £ 5 HFRIEN:

g, = (1+2.5¢, +4.5904£ +4.515439)/[1-(e. /¢ e

packmy ] ‘ ]

M ERATLLES], SRANTREHARERET 0 i, g amT 1, LiER

BB R S SAR B R TR . o, RYE A AR R A R M

(& i =0- 64356), L& oM T &, 0. g BRI TIHFH K. EH— R,
T A= FEEGIRHH Lagrange FEEB B+ RHE,
FSA, BAI5IAE-e BARE (¥ REL

V-(p,7,6,k)=VI(u, + 4,0, )VE,D)]+&,G-pe E+D S,
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Hril Al L {e il o O T - A AL SV = P B R B Y

e (3024)
AP GRS =T, HRIEAUT:
G = (V) e e (30 25)
Vo(p, Ve, Ey=Vy, +u,106,)V(e, E}]
.......................... (3. 26)

+(c,GEe, —c,p,e, EY k+> 8, ,

Hrp, ERFBAMBEFEACT, S, S, RESMis)5EBAE.2 64 H
M. AFE (38.24) ~ (3. 26) &R F ol HEE @ X B i i fT8E 1m i 815 .

§3. 2. 2 D BE H ¥ T 4

BMZ LRI A E/L 7 E5M E/E FEMEA G R R G KKRE & A5
[ AL OB s SR IR R O TSR AR A R SRR 2R AT AE AR RSB PR AR, A
T 2R A 4 R Y Bk FUd R B Bk el PAH BLAE R S R AER . ARRTEAN,  H aunaid
fr e M FLAE I RO ERAE RO R 2 B/ A, EA TR ERER L E/EMA L.
WATRIL, TR RIEATRE, KA E/L FELEM E/E T EE T ik
VYRR B R e R ER ERFHEMMN S, BYES ST MEN. XIF
REFRIEH A GER K RHERIREA.

EANIZ B AR B RN XS0 7o BB E . 2E A
(R A S FRE B B A s . Bl 5547784 (Chapman
M Cowling™F 1970 SH) —#, AT HBEART FEA R SARE AR R
SIS AR A PR, BIREREIURIBLAET. X2 FH E/L IEH) EEY A
f b, WEERE, o FHEX A BRI B (R R 8 2R A A
R~ AEFGERE. MBSz B Rk st ESEhEsmE cra e FR, R
P 48 el B 3) B Ar B S 2 T 5 EH AR SSURL ) (AR IR R e, i dh, @i
SIANEE R HEE FF,5,m 0, RIS AR ERRHET FHAEMEL T8,
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WL A R {ie X o =R SR I A O i ) B A

AR B S BRI FTA R RS Pk R BORVALE 7 J b0 51 e 4 L 97
FIACHT, BRATAN: AR PIR A 0% )t R o R PRS0k () KR T4 Bl | iy
GO, YE B AR > am ., W GBI A AR S A K £ L
TS T8 (OB T LA ZBE AT o K-~ 2540 T P50 e o Ak 1 i Y M0 0
B, R kA R SRR o B B B AR 2 d = 150 ~ 400pm , AGiE K
Flm o XKE, RAOTTLABEMANBE (BREI8): 7ERSTILES R S,
X 5 B 5 0 R AR BURLE B T B2 4 T B e (0 A FLRESE, T 7 T 56 M 05 i 1
ARLE A1) E BT BT A -

FIE/E SO —k, ROMERAES — NSl s sibm, B 5
R IARS BEAE (0 B — e . IXHE, BRATA N B MAELEIM I, B/ HRMA R
CFURD L ENRA B AR B MARFIS T, R AR 8T TR R
FRRYE RS A5 % . FIBT, Tofl1vb 5 5 B 6 BRI EL A AR (138 4) A
RESEHLEL . 58 EATRLL, ORI i A BRI T 2B it ZE R Bl
kR R, SURAER T A 8.5 D RIE 1% 2 t T4 5 B A AE S0k ks
GH 2 [l 41 FL RS VI T S A2 s A ) P P 7 2 et T LA A 28k 5 [ MR 1 B %
Wik U 2 e M AR FA TS R M. TG, RATTAT L 0K B s S IR B AR 37 1
BN, TEREGIERA, BEE G BEREEN, HF9INENNE
FOmE T, TR . B, AR B s BRI R R 1)
FEE AT TR, KRR TR 0 BT R 100 8 LA B R R R

BT AR BRI, BRIISHT B (RE—BRBIHD ik,
PESTTEER, AU B TR ) (O LA P T B 0 5 TR 5 50 A 48 1 ) B3
TURRRGG . ok, % TR B B M E 5 A RS

mV-¥, =~Vp,ip, ~Vp lp +F +F +mg ..o, (3.27)

R RS AMEBAHER, WF, FRSAEAER RG], F, R

RS . EANTRIRIRA G
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AL K |5 v o =R R LM A AL Y BT AR 40

Foo=BA%, =V YHE D) oo (31 28)

—

Foomm (5, =% 8076 oot (30 29)
Horpr & 22 o [] 3 R [R) A P Tl 9838 B 4 10 BSF ) C B &0 40 el 988 BT bRF i) ') B 1) 4
¥ED:
§=~3/2d 286 JTIT, oot (3.30)
JT I E BRI §L RAIRA Fan F 1997 £5H MR, i,
AR B I BE AT RIE
U, U F Uy (e 31D
Ho, U, RANTFIEEZP RN FYEE, o ARBERKEEE, 45
K BA DL B 2 ORIk -

»=l{

, = ¥ RU, COS(@ = Ryll) covviiiiiiiiiiiiiiiiiii e (3. 32)
n=|

KR, RANT 0~ 1 BN, o AREIVIGAG, o, AR EH
SAHHEEE. U AARESIRE, T & EFAERATEMRRS, KRiEAl
o

U =(fE(K)dK}”2 ................................................................. (3. 33)
K EK)YREIEERE, KABER H:

E(K) = 1602/ 7) K e e e (3. 349)

§3. 3 B{EEHI
BEFEARISHMASEE, RISSEHRMEzIEHFRESHT:

Vg, 0,5,,)=~6,Vp, +&,P;8+VT 4+ ) 8 p cvriiiiinnen, (3. 35)
}]

V(,p V5 )=—6Vp, +£p8+VT + B, =F )i (3. 36)
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HR, BURS,, =Y mN (5, ~ V) FEE© In” Bl “out” 4 RI{RZL

PR R A2 B PR & T F dl i o e B A .
MR ARFITRE AR &%, SRRt PSP 2 At

S, =M + M e 43,37

_.E{JJ’}J_}?G”“:.-(Ei"'iolt-l-bir L - [ L] Pd m ok g A A ram

b, M, o (R BRI S AR A TR A, M, ., fCR R
Frr e AR ILAE R . KK KUE, G R0 B AN TARL AT 3 1T PR ER oF B3R SRS s
%E{]fﬂcv W\Uﬁ:

D M et =0 e e (3. 38)

r
DM et = Bl = 1) e (3039)
7

MITH:

D 8 =D M o ite = D Moot - eveeer et (3. 40)
f

”

M ERTER, AFE@G.2). (3.16). (3.24), (3.26). (3.35) R(3.36) &£ -4
BHhe,. v, v LET WHRAE, X—ARETLRE R ERME, 3tH
2T SIMPLE Sk IR A B3 AT KA

MTZHRS, SREAMRENASEHEARESRMT.

(1) RETBRe u,,v,u,v,.kETKWEE, HERSFEFEHHAERF,
K LR AR —RIENHE. A, ¢ REBHAERRE, u,.v,.u,v, 2518
REAMEAHEL x, v Hh LREESE, (RRBEIE, EREREBAY
T AREEERRERE.

(2) WHEEMEH p, . EAEBY) Iz, MEABFEREEREE . p, TATH
(3.6)~ (3.8 A KkE, &M AHFEG.OXBH, r TMAFEE.5) . (3.9 ~(3.23)
WS

() HEHEM. BEERETEE (HE EREARSERRGRETEs)
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ML N | die ) Ay = & SRR B A e I B

BT A BRI (E,  IRATE0AT B S i il 4 iy 5 R TP E4E, B

Sun =D MN (G =y ) eeeeeeninieeseiiie e (3041

Sop = XN (B =V, ) oo (B 42)

S, =S, , —uS, Y+ (S, ~vE, )i (30 43)

TELA T s EH A, K% BB iy i EM .

(4) fRAE () LHERMFENE, WIE MRS EHETIEHE.

(3 BEEE (D F (D) LitH, EERIMRSRISER. sid, AEEih
$ir 77 FR4H P SR AR 0 °F 3538 8 AN AP B A AR S BUEHE 5 I TR F2EH oK
13 i AH R 47 2 B 1 BB LT AR 5

bR R AR R R R T KRS, TR, R R ER R

(1, )y =0 v reninen s (3 43)

Ly

(£) =0 e iieeeee e s eeeeeeeaenensiiee s erearasan e e eecensnsees ke A7)

f FEAR7EE R E AL, BATKMA M Sinclair 1 Jackson'-F 1989
FHpRIEN. B, X T3RIAF:

&1 (Ov/ 0x) = 1123 P YONT, TUE pusing T €.) — (E vt 1 £ 1o (3. 48)

ST RMGET, A

A.\'arl. "f&r = f{zﬁ)p\vt ¢Jf "H[{Spm'kmg 'lfg.-. ] - (gpar.'kmg 'HE.-.' }LIH ]

+37(0-2,)/4p.T." 1(E poctms | €8.)~ (& pon 1€

Hr,

A=A + A[N+1.20+e)e, g, J(1+2.48, ) HE,80) -+orereeremeanerarrininicnn, (3. 50)
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(LEH WEERHETRER S, FHFEEET 8000 AL R EHME ], 20k
29 7 NIRRT ENSEG R (g L BV o FAE S Z0FE 340 AhHLD)
/R T FAHER.

AP, Miller #1Gidaspow! it e BEUE BIAR LA W A EA T T Al 19 9
BINR. ML, BAVEHHE TSRSt Miller A Gidaspow BT SRR 4E 45 R
AT . ATRUEZHEITREHER, RAEGRRTHREAIFHERRS
QU EE RAT DL, EERBRAEREM T 6 PR FARRAMRR . B HEE 4
TRLF AN &S BN 12, 0kg/ (o', s) F1 20,4 kg/{n’. s), SMEZE RN (AT B
FESFHI4 2.89m/s F 3. 48m/s, Wit it AT E R BoAEEEA M 1 86m 1 4. 18m
2.

[ 0 N 0 4k B P 343 P BT WA BTG B ) B A oA SR SR R DT, BRATT
BERMASHASCHHER (¢, =01), BERMEBREET =0, B EEREY
d =T75um, BEIER p, =1600kg/m’ o Fhob, FATHUBKL ) 848 Y 53R B0 5l 4
e=0985Mle, =092, RFHEHF=05.
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GESAMZBN A1) ie8h. 535k, ERSHARBEIZC (b KL LKA
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K, PIEEZOLOESRCE, 7w TREE R P& T B g #i
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