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ABSTRACT

ABSTRACT

The deformable solid two-phase flow, the performance changes of sewage pump
delivering solid two-phase fluid, the design and performance characteristic of
forward-extended double blade sewage pump were studied in this paper. By using of
Lagrange method, it analyzed deformability of deformable solid and gave out the
general constitutive equation of deformable solid. The turbulent equations for sparse
deformable solid two-phase flow were developed. Analyzing experiment data from
almost all related public literatures, it gave out the formulation to prediction the
performance change of sewage pump delivering solid two-phase fluid. It also studied
the performance characteristic of forward extended double blade sewage pump and its
hydraulic design in the view of theory and experiment. Finally the two-phase flow
within the impeller of forward-extended double blade sewage pump was stimulated. The
main works are as following:

(1) The main difference between deformable solid and other solid is that it not only
moves, but also deforms while flowing. So it is difficult to describe its movement. After
simply introducing the equations of particle solid two-phase flow, the paper focused on

the deformable solid two-phase flow. By using of Lagrange method, the paper analyzed

deformability of deformable solid and gave out the differentiating number G, .The
general constitutive equation of deformable solid considering time effect and spatial
effect was developed, then its approximate constitutive equation was discussed.
Transient local equations for deformable solid two-phase flow based on two-fluid model
were developed. Neglecting collision item, analyzing the stress and the momentum
transfer of the interface, the volume averaging turbulent equations for sparse deformable
solid two-phase flow was given out which can be applied to numerical stimulation of
this type of two-phase flow.

(2) For the purpose of studying the performance change of pump delivering solid
two-phase flow, the velocity and stress of two-phase flow within impeller were analyzed.
It concluded that whether the density of solid is larger than liquid or not, V,of solid

phase is smaller than that of liquid phase, and the total head of pump when delivering
two-phase flow is smaller that when delivering single liquid phase at the same flow rate.

(3) The data concemned with performance changes of pump delivering solid
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two-phase fluid from almost all the public literatures was concentrated. According to the
data, the formulation on the head reduce of pump delivering solid two-phase was
developed by using multiple variable linear regressive method. The difference between
the formulation and others is that it considers the effect of pump typical configuration.
The calculation results of the formulation and other formulations, the test results were
compared. It illustrates that the formulation of this paper is more accurate than others.

(4) The power and efficiency change of pump delivering solid two-phase fluid
were discussed. Formulations for predicting the power and efficiency change were
recommended.

(5) Based on the one dimension theory, it studied the hydraulic design of
forward-extended double blade sewage pump. In the case of double blades, the slipping
coefficient of impeller is much larger than general centrifugal impeller. So the diameter
and breadth of impeller should be augmented. Attention should be paid to the deference
of wreathing angle and stagger angle between the two streamlines of back shroud and
forward shroud. As for the hydraulic design of volute, its basic circle and tip area may
be larger than others. As an example, two different hydraulic designs of this kind of
impeller with the same axial section and different streamlines of blade for the same
performance parameters were given out to show the specialty of its design.

(6) The flow within the two designed impeller was stimulated with standard
k — £ model, SIMPLE arithmetic and standard well function. Analyzing the simulation
result, the head and efficiency of impeller were predicted

(7) By the test of hydraulic performance and the passage capacity, the performance
curves (head, efficiency and power curve), the capacity of particle solid and fiber of the
two different impeller and impeller of which the blade inlet even three times incised
were gained. The hydraulic test shows that the performance of two different impellers
meet the requirements of standard JB/T8857-1999 {centrifugal sewage submersible

pump model and performance parameters) , the efficiency of one of them is very close
to general water pump. But the efficiency of two impelles is obviously different,
forward extending inlet of blade has little influence on the hydraulic performance. The
passage capacity test shows that impeller with double forward-extended blades features
better capability for particle solid to pass and better anti-winding ability.

(8) Compared the result of numerical simulation of the flow within impeller with the
test result, it concluded that the result of numerical simulation is some higher, but the both
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are consistent in the view of changing trend of performance curve for the same impeller
and the compare of the performance of different impeller. So numerical simulation is
reliable to some extent, and is helpful for optimizing hydraulic design of pump.

(9) The reasons for better passage capability of forward-extended double blade
sewage pump are that: (a) with double blades, the larger tunnel of impeller avail for
particle solid to pass through. (b) Forward extending blade can slightly enhance the
center pressure and turbulence of impeller inlet. Then the anti-winding ability is
improved. (c) The angle between the inlet of blade and shroud is obviously different
from other centrifugal impeller, which enhance its anti-winding ability.

(10) Simulating the solid-liquid two-phase flow within the double
forward-extended double blade impellerwith mixture model. For bettering calculation,
self-adapting technology was used. The boundary condtion defined as following:
Velocity inlet and outflow, non-slip well boundary for liquid phase but velocity
formulation coming from literatures concerned well boundary for solid phase. The
pressure distribution of the mixture, the velocity distribution and the turbulent kinetic
energy distribution of liquid phase and solid phase, the track of solid phase flow were
given out. The calculating result shows that the total head of forward-extended double
blade sewage pump delivering the mixture of solid-liquid two phase is lower than
delivering liquid single phase, the turbulent kinetic energy in the vicinity of inlet hub of
impeller is large which is helpful for fiber to pass the impeller.

Key words: deformable solid, deformation, two-phase flow equation, performanc
change, forward-extended double blade impeller, hydraulic design,

passage capacity, numerical simulation
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o ABRIRREOR, —BRET, HELRELZBRNZTS 0.
o, ASNBREIR, —BUREh S ZIA 0.
Xt TR

3'_(1 ~ ap)pf.l
ot

AP o) AREHKER) &
o, ABAHKSNRRRE, —BHishRESZIA 0;

3 .
+5;i—[(1—ap)p,u}]=a” ‘o, (2-10)

(2) HEFHE
X F B EA
&Pyt ty 2N, =V 5, +Fyy + Fy =0, (2-11)
Xt T
(l—ap)pf(%+u’f%)(7f=V-rf+F,,f+F/P+afZ, (2-12)

FRimFEN, WLMTR ARSI AR, BEREEshTRED

TF:

EENTTR:

?ai—(pk(;:;;.)+éi—(pka;u;)=0 (2-13)
i i

BRI

0 — 0 — — — N
gj(p,akuﬁuu)+6x—j(pkuﬁa,‘uﬁ TP UG QLU + PO U Uy + PO UG, ) =
@B @ P @) @) e T (),



F2F Bk mARADH S

— — —— —0a, _oa,
A (F ), =Cpap iy 1) + Co (it — @yt + 1t 4 2 0
& o
BFIE TR
a1

ERTRARASH AN, TENKEIAXTUEAT R AL B

(2-140)

(2-15)
o BALKIE AT LA

SHBRRA " AL IR AT Elghobashi 1 Abou-Arab™ * FIAEIL FFEHET, X R

Bk,
2.2 FHEERIHBITR

LB AV — RS AR ERS P AR, ETHESRERENER,
HFLENHERHTHR. FLE, FdPREEEWEKEARS S
BRX, WSHEEX, HHETR, XERAREEEEMTRESD.

ERYE - FHR P, EFEFERILIER ox'x*®, B4 PEEXAM IR
THEMERRX, WEES-NFAEME—MIBARX, FEX RN P

R g, ATLAELE.
x=f(P)

(2-16)

MRY LA RARALE R E X #CM, BAX—WERA HBREEET .

M AWEES N, P A E R 2R R RS, EiiXn:
x=f(P,t)
RPIENZ ¢ FEBRTUE R

df _
V(x,t)=£—‘£‘

R P TERTZ) ¢ I E VT LAE %
a(x,t) =4x
dr
MTE P RAKANER —MIER J(x,0)H

(2-17)

(2-18)

(2-19)

(2-20)

MEE P ERERI SHNLEX, EANRLL ALY, Ba:
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AKX FHE R RN B HARAGHBZAE Xt B FRRAR

x=f(P,) (2-21)
x=f(P,¢t) (2-22)
R T4
P=f"'(x,t) (2-23)

R f AN R EE, XN REE YA R ALY ST SRS &b
BRI B R R T o
BAET LS XS P ZERT %1 3 F IR G AR BT B RE 2«
F(e)=grad, f(x,1) = L5 (2-28)
Ko grad, f £ f 15 X HH LB,
SRR, =, RELANES, FE@)=1, XBIHBKE.
MRZIAREEAR s =¢—t (0<s <o), MALKF,()EH:
F(t)=F¢-5=F) (2-25)
MWTHEER), BRIBAERHX , BREDRCMEEET V(x,1), 7
HERBES, A v(x,), REuRREREHBaFEe).
b7 B FEAOMTTE, F ) Sk ERE— N EROB R, %
RFAMEAS TR PRI Q, BRI AL E A BN XX +Ox, KM
W%l AL E S BN X R X+ 5x', WA
x'+6x'= f(x+6x,t") (2-26)
x'= f(x,t") (2-27)
M Ox'= f(x+0x,t)— f(x,t") . ¥ f(x+Ox,t") RIF B Ox () Taylor ¥, AT
.
5x'=grad f(x,)5x+0|6x] = F(¢)6x+0|6x[ (2-28)
H1 bR BT LUE B S R BE B Ox A B AP Ox , SR RLAIBST ) F (1) .
BT P. QBIACRF, AR EATLIBEH, RE%ESx=0R, 14 6x'=0, X



F 2% EARHHGHRAGH
REWE F,(¢)REFHN . AR MR E A UE 2
Ft)=R,()U,(t) =V, ()R, () (2-29)
KPR () AEXKE, U,@)5v,()REEN. KBU,@). V() HBIRA.
FEARRHHAETR &
& X AHM )4 Cauchy-Green 7K B AR £ Cauchy-Green 5K & 4:
C,(t"=F'F, =U/R'RU, =U? (2-30)
B(@)=F F'=V,RRYV =V} (2-31)
AFF' A F, HEE.

HTU()REEH, BIER 3 MFEME A, 4,4 FIXTRE 3 MEE R
(@r2,6) « FBR—AWITHE, ENEREOFEETHENE, BETAriak
2K (Ox,,0x,,0x,), ARG e RIUKH Ox,, e, MBI KH Ox,, He
Ak ox . A UMRATREAEIUHEE, BIRRRU,0x, BHBEIU,6x=5y,
AR TARIRNSR T, BRBARTT MEHZA.

BT RE—ANEXKE, ERF—MHERHR, HIERRBHTE=E—4
T R/NAE, FTCAU, KfER BRI KSR gE, HWEikE, R Nk
kR

B ESrer&, wRA F,(=RU) AT —MNaKRH (Ox,0x,0x,) W
Toik, HARBERXANMHTAENLE, Flitt. REEF,(=VR) MBBRERER
4G AR P 8 B R A BRI 2R T 0 B T LAk e 4 R BE S A 38 49

ZBHEYIER S P Q, WFEH os' RoRTERZIE MBS, FAR (2-28) #:

(85" =(8x" X Sx") = Sx* F;* F,6x = 5x*C,5x (2-32)

WRY R BRIEZS), A2 P Q RN ERRFAE, C =1.

WREX—NFHKEG WT:

G(t)=C(t)-1 (2-33)
MARH: 7
(8s") =(6x)* +0x*G,Ox (2-34)



TRRFALREHRL: SRB AR RRADAANMN KRS 5 ARAE

A os ZoRBUERZ P A Q [BIRBETES, A 57& H G, T AR R BIE SR 5
PR EARAL, WRYME R MRNIAZE), G=0; MRBERES, G, #0. HHKG T
CARIRA G YA R BT, TTLRR AR HIHIH

5 F, ) MR R
Ed)= %(grad, ) (2-35)
XK FRFAI B
F(t)= grad (5 1) (2-36)
Syl S we S reE P
Ft)=grad, (% f(t)grad x' (2-37)

Eﬁ%ﬂ%f(t')%t'ﬂﬂ‘%ﬂmﬁﬁ, T grad ' R F,(f), BiohH

Ft) = grad (V(x' ,t)F )= L(EFt) (2-38)
R L(t")(=grad v (x\e) IR 2 IR .
Kiu, F,(¢)SEEE 0 SRS %

d’l
t m

Ft(t)=2_(grad,f,(t0) = L,(tE(t) (2-39)
R L (¢')(=grad, %)%W%Ut'mnm?fﬁﬂ‘lﬁlﬁc

AR B A Cauchy-Green 78 C,(¢") Xf ¢t IR} 6] S 30
C,(t')=E+(t5F; ¢S+ F, aSF; ¢

=F'LF,+F'LF,
' . (2-40)
=F' 0L ¢)+LEE@)
EREF,(t)=1, BARENZ(E =) WHEC, (") TAH:
C(O=L@®)+L()=4=2D ' (2-41)

i A B—W Riviin-Ericksen K&, D R EHKINZRK R, MFHAM, =
KU C,(F): ERMTREBGYE, FEREC,E)NENSE, TERENZ
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F1¥ BhPHOHRRGH TR
THABIKC KA FHKR A EM Riviin-Ericksen K &. HitE X n B
Riviin-Ericksen 7K & A, (¢) A :

A, =Ci(t) (2-42)
B LLA BUF B8 HE A SR8 n B i Riviin-Ericksen 7K & :
A=A+ LA, +A, L ' (2-43)

R 2—14 KB, TUBE.
Fit)=R(WE)+R@U(t) (2-44)
TEUERZHE LEOAR, EEHRO=U,0)=IFF.()=L(), TLEZ
L) =R()+U(t) (2-45)

BT U, () RIEEM, SFRE, BRI UED () RAFHK. BT R 2E

yﬁgr @lﬂiﬁ‘:
RR =1 (2-46)

¥ B3t kS, HUHHIMENZ M, BA:

+

Ri () +Re(t) =0 (2-47)
P R (f) B RAFRE
B LHMES, A

A4 =2D=L+I, (2-48)

R O+U. () +R(0)+U. ¢)

=2U,()
PRt AT UM RS SRR D SR U, 1) » MK RETBILE, SRR,
HR()SHh W, B

Fi@l)=W+D (2-49)
¥2—-28 %t kS, WATEH
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EFRFHLFLERL: S RHEAGHARASH RN KRt A FKEHAE

Sx=F(t)ox (2-50)
WHE AN AR FERENZ] ¢ BUE, "TLLE 2
(6:})' =W +D)Sx (2-51)

%1(55:) = SV R E X+ Sx X T A X W, Bt R XA LS %

[

6V =(W +D)sX (2-52)
BT 40 (W + D) H#i4s B MG IE AW R A B BE B 5X S F-3X 79 £ i) i AR X
HEXR.
ZERW =015, X& (2—49) TR
ov=DéX (2-53)

BT D BRXHM, —BKRE D HEEAMHIEMEA,A4,A4 NI=EMEERE
(@,6,¢;) o HEX(e,€;,6,) HART, ERATUTR:
OV, = A6X,, (Xti ARKFD (2-54)
BUAT4, Xk D SIEMANEE SVHE i M BEIX NS i M ERI
B, HEBESERE L, HikD bR RMERKE,
THAERD =000, Xif2—34%%:
OV=WoX (2-55)
BT WRRXHRE, EREF=MMLESE, BRATTCUE X —MaEE R
Bo:

o, =—%eklqu (2-56)
A w,, W, nHRAEBo NKE WHERRIE, ekim RHFIHE., XL
R ARXXATUER:

(IU,,ZD'Z,ZU3) =Wy, W5, Wyy) (2-57)
K 2—37 BT UER:
OV=wox6X : (2-58)

BT DA TE AR BE OV £ i A B @ 51/, BTl w AR Bleik .



1% BauHeARAS TR
2.3 FEMERYRBAESIE

2.3.1 HERHEFENRE

FHTTRERBRYAXN BT I FF RN TR, ST RAERR, oK
AFRBRE TR CALIH 2 T R,

A HFRAAR Y R

EHTTRLAMRB T LI RERE. HETINZERKEHER.

B, EthRE

X—REATUEE R, — MR SERER DN RE R KB T ERE
HIEF) i

C. YIRERMEEE

E—REA LR BB Y, AHMERELAREMEN, EEHNSREALE,
SAFREE R RN ZRMFN . X—EREVE ERARY, EAEHTE
MR RYMEE TR FEMR, MR TRES REWE GG ORIEEE).

WX — R, RINEBLAGFEN, NZEEMBSEANE, R
REWE.

BEBEANBSERE,O) R (), A&, 2 () B SRE TR H:

X =c(t)+Q)x,t' =t-a (2-59)
Hfc(t) RAE, Of) RIERKE, CAEERE MBS, « BEH.

ER, EXHIMAFAKSERZS, WRGES. ABaN_-MKET HETH
Mg =g,0" =0a,T" =01Q" , RHRLASLETRTHENE. HRX—EXK,
ATEE, WARMERRENE, EEARENE, HEREL WRREWE,
)

v o - . ox
L=2r= @)+ 00+ Q)%

=(@+QL)Q" (2-60)
i 2 EHRE . |
{E & —B Rivlin-Ericksen KB A BRZWE, EH



IARFHEFAERL: 2 FBERSGHARATHZIE XKt FRREHAR

A =Ly +L=QLQ" +0Q0" +0Q" +0LQ"
=040 +00'+00' (2-61)
HTOREXKE, WRRQOO =1, #HHANHERFAE:
00'+00Q" =0 | (2-62)
FRAH: A =QAQ', HRZHARENE. |
2.3.2 AyHiEMET

X F4Ess, BRYBRLRERR, TUBNAGTRIT =14, B
FTREB AR, 54 RRARKNIREIMAENZNAR—F, HEBAIN
HRFEBT EHRETHANREEL L, BEBGTRATUTA.

T:t‘f_[w[F;(t')] (2-63)
XETIAKEZR.
ZHBEFRoxFox , WEMRLRERES:
T = ,vll, [E' (0] (2-64)

RIZHNBHEREXH:

axt‘

i

TERZ ', x*=c@)+Q@)x's Bith

F = (2-65)
E‘(to=§<c(m+g(wx7%

=QE)EE)"(®) (2-66)
TFRIGE (2—66) WLAGA:

0072’ 0= [TIOEWR ) 2-67)
R (2-39) L@
0012 ® = [TIREREW.(Q" ) (2-68)



%1% BERBHGERAD TR

HTHTEMEENIERLKE Q #AL, ,FHILTLUENQE)=R ("), EEZ
R @) =I, RkQ@)=1, H#E (2-64) A H:

T =t'f]® [, (2-69)
2C, =U}, BATEMHEITURER (2-69)

7= 11 [C] (2-70)
S AK s =7~

nggKKﬂ] (2-71)

R [[RKRIZH, BERALE XETURIEC() RENE, HEWREX
P,

FERSTRIO AR FEI, Oldroyd $th FIBEZNABKR R A4, Jaumann X
ISR, FREMRRITE, EREAETRRERN, LLETUS%EL
ML 2], KEARERH.

2.3.3 AWHEAEN

hr BT (2—71) WHiERIFEBEN, BERALREEJLERATN.
BERRORER SR, HNHEEGTENZRE S, X¥EATUR®E, BAitg
DEF| BRI AT
W AR T ARATIERL, REAMTHLL O TE, BEREEUT LM
Fike
1 HfERRASHIGEUGRE. SHATZERBBEFE (2-71), BEK—
LHBUMOTH, BHNAR TR A
T =n,4, (2-72)
T =n,A + BAl + A, (2-73)
T =104, + BA] + By + 15 (A A + 15(AA, + A,A )+ 1Ay (2-74)
XBn, (=12, u(i=123)AYWRER. LEX=AHFELSH A @R
%, ZH M= AuTE, mREEEENNRAN, YREEBNIMKLSTES.
ZH AT RMR AR R BB AN EL TR RNTS,

3



EFXEFREFERL: S FHERGHRAH R ARt K FKRHAR
=B R R VIR MR, BREB B _ERANL S iR,

2) SYEHHPEAH TR

R TEES THERMN AR DRNE, ARk Ry RGHE, A
LB RXRR Y RERER Y, FRKNABNEEEEETR, RERT ARKN
B, BRI

Maxwell #%. T+ﬂ1%=770,4l (2-75)
XBANHEER.

Kelvin-Voigt 17, T+/1,%=00(A, %%) (2-76)
XELANEE.

3) LB FHHTRE, AT EAHGTRENRERNN HEKKEREERE X,
¥ Maxwell HAHITHBH, BHUTER.

ST _ o
T+/1|’§—7]0Al (2 77)
it':F“%%J Oldroyd S:%.
AT _ _
:£T+/11—A7_noA, (2-78)
iﬂ*%jb Jaumann S:3.
4) EFafEdisk.
D
T )
C A
Ty
K

B 2-1 —SRl o3 T« MR R ML
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#1% Bk Bminiis A
FETHELFREES, RITVBNBMRIVINS METIE « HXR, B 2-1
TR T —HHAAN r T c MXRME, A MERRKZFWRE, T B. C #higk
A ANFRE R B VIR BRI R B A 04k, D 4R~ Bingham itk
BESYRIIBEYE, Oldroyd AHMEAMHFIET U N
Ty=n(9 A

1+a¢’
n () =’70(1+a1(:,2) (2-79)
2

@ =[0.5¢A
XH a,a, JIEMHE R, T Camreau 23 H I RN
T,=1(p 4,
9 =[0.50rA} ]% (2-80)
n(@ =1, +(1 — 1)1+ A2p?)" "
iq] 7’”,7]0,&,” ﬁ%ﬁﬁo
5) Bingham itk
X} F Bingham %ifk, HAFETUHTRAER:

T—1, =1,K|t|> 7, (2-81
k=0,|zr|<7z,

BEH LR BI= R 157%, R Von Mises EH&%#F%#TZ ey
HE (2—81) RSN
T=n4, weler s 7,
2 (2-82)
4,=0, ﬁﬂ%%trTz <7

BRITBEQ-82)R-AKELN, EHEA =08, #TA—EH 0, T (2-82)
ABKEA =0, R—EHT=0.
HR (2-82) MBN:

T=R+n,A, (2-83)
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IHRXFREFERL: SFUERGHRAD R XN B FRRHAR

XH R WKE, E.%trR2=r:. MR (2-82) R (2-83) LIS M.

| R=(h-m)A (2-80)
1 1

RUEh: —oR =2(n-m)rd =(n-m)e’ =7 (2-85)
m=,+17,/|¢| (2-86)

% (2-86) LA (2-83) BA:

T=Cny+ty/lp A R L0 > 22
| 2 (2-87)
4 =0,!lﬂ%%trT2 <0

J75# (2-87) #L £ Bingham RAKIAH G, MR 1, =0, WAREFERRN S,
EEEKFRER T BAHEE 7, BERRAR ARG TR Ry, =0, W @M
TRENMRE AR AR 5. Fit Bingham FiEMFESPRET LS HHEES, *
RS AE &GS . XETERAKE, EXHE—AIEXHTET, RHREHRF
M.

2.4 ZHBEMEEMHMBBRNTE

2.4.1 FEREEFYHERERBENRHEAE

A TR R, FIRVSIN % Vb 2% A, 230
SRR, R, SRR U — N T ERE. A g, XA
KFRAT & —BAHER, TURKE, GTUENE. BAFEFE
TUE N,

2 (A9 +V (i) +V T, - i =0 (2-88)

KH, k=1, 2 S BIRTFRARER, o M, H5% EANEREAESE, T,
% 0, WTER, g, %0 FRAFA.

MER g, =1, ¢,=0, J, =0TTLUBE k HEKELHE:

a —_
a(pk)"'v'(pkuk):o (2-89)



F1¥ EhBHHRASDTE

W =u, J,=-P~T, » ¢, =F,, BT kKB HRE:
2 (i) +V (Pt +V B~V T~ pyF, =0 (2-89)
KEP N kHOES, T, 5 k HORNEDKE, FAEERERNS, —BHER

TREN.
T A, HABTER:

T = Vi + (V) 1= G~ ANV )] (2-90)

XE g AR RS, A BRI R P R E
T AR, AT DURSE 90 3R (9 7 253 P 60 T AT i 4R B L A A Mg R R i —

e

Fon+0/p,, AAHERHE:

1]

1 — - —
m¢.=ek+5u:' Jk=qn—I:.uk’ ¢k

2 2

g[pk(ek +u?")]+V-[p‘(ek +“?‘)J*]=—v-q—, +V(P -u)+p,F 1 +0, (2-91)

K, ¢ HWEE, g HAER, o WEANE.
KR LERGTRERT REAEVHREME. AREMS, CRFENRTR@L
WP %1, AUESCRR[13], RERETELHER:

S i) =0 2-92)
FREFEEHER:
zzj[pk,;_k-(ﬁ:—zT,);Tk—;T,,-ﬁk]+(tja"”a),ﬂ=o (2-93)
k=1

X En, HFERSNELTT ), o HREHKS, 1, A2 S5 RELFHRAKE, o
AFHEERKE, (,a%0),, Nt a%cERELXHESH.
2.4.2 BETHREHHSHEREREWHOMIERTEAE

gk, LEMHTEMN E—E0RREERNGEEE, UE—EHMEES
&M, BATLVETHRBIRM T . EEERIMROR R ERFERBNGRIOR
%, TREEHFHRETR, RO B GRMERE, FA L masge R s
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HEAXFREFER S FH AR BRI KR R FRRHAL

FERRBFERFE SRR, TR, ANBNEER R 50
R, TRTHEENTES TSR, FLE O E AN
SRR A F R T TR — B3 A

ERPHHERE, CRI-16IPHLEMNBE, X ERERTHEH
HRS N ATAYHORRRBGEA TR, RGBT ALRNFE BRk
BT EL N 2.

@k HEHRERBELY,, B4 g AT <g, >0 TELELA:

<p>G=3 [aGOdV, BREVEREHT AKE—FR. EX & HAH

V(@)

%#ﬂﬁ%:ﬁ@n77j%uoﬂu > ﬂic—*%ﬁkﬁm%ﬁm

k Vi (x) k

B, BAMTRRRAA SC, =1. FIFE, ATBIE X g, MR BT 5, 4

k=1

—

qu <<p;¢,, > p::’k NFHEEBRSYEES Pn = Z( P >= ZC";; o HHBETILA
k k

EX k AERKE: o="27, HTFHHREDEEHSRATLUENNY:

1 —— _
P =';—ZCkpk¢k =Zak¢k °

HAERMBRNT, AHENESREESAEEREANMINE, HXR
W

C,+C, =1 (2-94)

P,-P=0ca (2-95)

XBoAREKS, a ARHEME. X THRGE &, °TAREEBREET=4NK
52 AN

AT REBFHITRE, FEMEZR IR TFEE AN EATLARLE, 2 £ (x,1)

wa A Liennt, # (Lav =L [y . wwmmans, wansRmE LEHS

f, HMAEXS N-s TR LB HRRGE. EFERsP, RagR



F1% BB BAADTE

RIS R A8, o RS, SCRR(25) E%T%Bﬁ%?ﬂ{ﬁzi’—ﬁ\ﬁﬁﬁ%ﬁ

0, W<l 050> 1 o id, xm A NFHINARE, 7 A, B
ot ot VA,
Wit Vo METHEKIT . <Vg, >=V<g, >+% [mpdd, BART RIS
4
— T A i T B P
UL ETBAR AR (2-91) BUABRPH/83,
2 €Cha)+V - Coppim) ==V ACT+ T+ Cp o +Ty (2-96)

KA TT = poou, RKHBROEER, KB, =0, -0, & =i, -1, [ EZ7H
WER AT, T ARTRE
L=-s Jtoon iy (2-97)
B =1, ¢=0, J, =0, ATLARE] k AHERTHELE TR
%(QEHV-(C*;ﬁFFrV'E (2-98)
HH D, = pou, JANE BRI R B R, 4D, =0, BAKEHEREL
B

2 A+ V-G =T, (2-99)
KT, =_‘§ [ o1ty ~ ) mdA s g ) - TR ke M 5 T2
4

kRSB X T EAYE A PARTE, HETU 0, FFE s FEBHENERT
BLEMAZE, p, =constant.
W, =u, J,=-B-T,, ¢, =F,, SLABE kAR TRE:

2 (P +V-C Pt ) =~VC ) +V (G T + TN+ C A Ty + 7, (2-100)
KT RS AKE, QETENAMERKEINT, T =, «
M, BB RN kTR, X F AR,
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SIHRRXFHEFERL: SFHEAG BRI XNt R FTREHFR

M, = [lpuin o =iy, ~ B -yl (2-101)
4

M, BFEBSAR, H—BYRTHTREARTIENSREE, F—BoRrh

TR fERS RS R LR,
FIE A A KRR T 72

a ~ - u: ~— u, = % ~ = — ~
;[C,p,(s,+7)]+v-[ckp.(£‘+—2—)u,]=—V-[C,(q.+q,,)]+V-[C‘Pl~u,]+Ckp,}-:-u.+C,Qk+E,

P = ~ =

(2-102)
KE ., =e,+%2m7=&xmm&. 1AW BRI e
o BRBKFT B RHE, B
% = ple, +"—2*2)'17;+1”,,i—?:7; (2-103)
E,RTELAERANEE, B
E, =—%J[p,(ek +%)(u—, ~4)+q, ~P,-u,]-n,dA (2-104)

BHTFHNEETEASRLE. REHE, EFRRBLEFEEE, EHY
EEELHRHTERMERAEERNAWXR. AT ERMARFHHES
W, AM&d%5, B4eRBTHSHEB. hil5IA 20 TMRREBI T &
BRI AT RN _RAAER I AT RA, 4 5F 27 M 32 M5 Drew!!!
BN REEN F I F PR —RAW R, 82T hkahR A E & R EER D
f1RixK. Drumheller! Al Dobran™ % BI5 T A MBI LR, MHH %
B_RENAMTERITEL, B TR EE.

TEHHEN kBT R EEREWLER.

(1) MAkE

TN, SRARABREAR, ERHEREF R ANMERE TR RS,
SRR T MR RE R B AR N & R, BRI Rk AR P A
BEEEBHEZIPAARSIPR. XETUUN Drew. Lathy 7E3CHR[15]F (14518, *f
#iAMHGH Yy BEHE, UTHPHRERSHATMI—M-~):



#21% BhHHAHMAGHTAL

T, =244 Dy, +0,] +b (@, ~t,) (4, ~ 1) (2-105)
Kb, o RS RE, DT,,=%[VZ+(VZ)*]%J‘J&1¢*E’E’E?&E, an b ¥

HRIUT VR C + MR85 [, — | M D, 10 Buclid FEXHR Y. Nigmatulin (EFI# T
R, RS TR B A RS, Bl b IOEN:

q:%;}llu,—uzlc (2-106)

1
b= _Epl

R—EREAHBE RN, BENBRRELENN.
Ishii 6 H, XTFREERAAABPREHER ) BUF & 4575

b(1-C))
—(1+C)

AP, u AREEGHRERE, b ARAEHNGE, shil 88 b0-C)~1,
REIER L, BHLRIFHE RIS .
XFFEAAE, BUNEHE:
T, =Cyu, D, +a,1 +b,(u, —t, s, —y) (2-108)
B B AR B B ERBE P IF,  ELASH 7 72 o B o 1 R K 3 TR A K RE S
%, BARE:

L=CmDy,+p [VC, (4, — )+, ~%)VC,] (2-107)

=Ly (2-109)
A

K, o] REHHGEHERY, DT,,=%[VZ+(VD*]%JIE4ME%EJ§&§, ap b,

AERE, HIER BN IEE R H.

LK, EARENE AR DT UAEENE, BN TREE &R
BN ZRERHPER, AR (271, (2-72). (2-73). (2-74). (2-75). (2-76).
(2-77) FH—A AT

X FE AN R, TERKER, EARMHELIAEERLEHE, B
W B R R T A IR S . X T RARE A, WIAT DUR 2 R R R A
ISR
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(2) FFHzhELiE

AEBARNER, TLUEREREBTM, B

M,=-BVC, +M} (2-110)
AH, B,H kHAEES, B, VC,EX—TRERET MV FEEN=4KS, 7
DAEEES: M AR TFHBEES ST,

REATNRFESRE, F:

M, +M, = 0aVC (2-111)

Bi: -B,VC+M{-P,VC+M{ =0aVC
B,-P,=0a (2-112)
Bibh, M7+MZ=0 (2-113)
Ft, REHLM] R LE M
FEH R M BERTYREES USOBERST: dkitEh . BRALR

R 51 R K1 R 7E B AR B 7 R 2 BOA 0 2N B o B RN KK 3 48 ) 4 A
SIERNERER A LB, BEHNRARBEERLES.
Drew!! fBi&:

M =K, =)+ Kl G4,y - G Vi )1+ Ko~ D +
K,y —1,)D,, + Kty — )"V (@, —t0,) + K, ~u){V (11, — )]
AP K- K« K, K~ K+ K,RAZBIWGERE. XPE T HHENE, 5
A :

(2-114)

K =-3—Cp§ %IE-ZI (2-115)
XEB D AHBEBIRFERY, C, AL RH, HEMET LIS % Ishii R Zuber™ i HF
5.
B _BURE LB I, Drew #2H:
K, =CpC,(C) (2-116)
K, =K,[1- %(C)] (2-117)



F2¥ Baype AR

A Cy A A,

RWUBAFABNIR, REK, =CL, L HFEKE.

RETABAM, —EERNEFRIATRELUNE, B—FEEEE
R AT LS R, ETIUBRRK, =K, =0

2.5 EAE/GE

AEIER BN FEREE AR BRI RS, TEN TR &8
B YR RS, TRt E YRR TR, FREEATE N
"%, KRR EEMTEEHTHER, AU TERHNE, BHTN

FREE G, ZRAMHC0 0, sl b, B T % e nt jafas s
B A R R, F T FRMAMFRIGER: 28T RRAERN S
FHE AW BB REF . BTAREYE, S TRAKEMR
H RIS, M RBEIGEST T i1k, SRR YR BT,
REEICREHI, BT BAMAITER, MR T A B B AR S A HT 8
$RHLT E LAY

PR AT (1 TR A (B A TS R R 2 R

%%ﬁﬁﬁﬁﬁ:%my&xW@:o
WIS RITRE: (i) +V (D) + VB~V T, - oF, =0
ﬁ%ﬁﬁﬁﬁﬁ:%u@+vyya=o
& A AR Z) B 5 72 %(pzu_z)+V~(p2u—2u—2)+V-P2—V-Tz—p,Fz=0

MR = (Vi +(V) |-Gy - A)V )]

E R AR TR RE AR AR, A TEFESH—
T, =mA + ,BlAlz + BA,

oT, “
T2+21§2=770Al
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o,
or

oT.

1, +4 25 < ny(4+4
oT,

T,+4 22 =

2+ 4 5t o4

AT,
TZ+A1-1_\t—2=”°AI

n (1+0.5a,trA,2
2 M 44,0514

T, =1, + (1 - 1)1 +0.54°r A7) "2 A

)4

T,=Cmy+1, /|0 A,,ﬁﬂ%%tﬂf >10,4,=0
REREFEHE: 3 o - —i5) =0
k=1

REHNBTETE: Y [0 -y iy 1y -Br]+ (0%, =0
k=1

A EER G ERBEFHHERSIEERE, MEETHRBEARZRAELEHEER,
FEEEAZFHMIMERD. MEETEP, AMNXOMRRIIFH—EER
SRR, RILEY T BT AR S MR E e K BRI 5 1.
HREATUBEGEH:

BYERR:  C+C,=1

EH#ETR: B-P=oa

WAAES . g(c,pl)w-(clpli,):o

B A R %(C2p2)+V-(Czp2172)=0
WA BT
%(C.AZ)W-(CME) =-V(CR)+V - [C(T+T)]+C,pF + M,
B i A B R
g(czpzfz)+V-(czpzszaTz) =-V(C,B)+V[C,(T, +T))]+C,p,F, + M,

FEzBLE -
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M,=-BNC +M;, M,=-B,VC,+M;
M?+MZ=0
vz —~ — O — o Oy —
M3 =K (u, —u,)+ K,[(=2 +u, - V) - (% +u, - Vu,) ]+
ot ot
e g
5K4(u1 —u,) [V, + (V)" 1+ Ky —u,) -V, —u,)

K =5 Cp 2l -]

K, =CpCy(C)

K; = K;[1-4(C)]
K,=CL

WARAH RGNS ) 7 72

T, = 2 Gl + (Vi) 1+ 4 -’jﬁ;—g%[vc,<u7—:7.)+(u}z>vc11
WA SR
T, = 4 [V, + (Vi) 1+ a1 +by (= Y, —0)
EUAHIIRBIN R T, =C,15 Dy, +a,1 +b,(u, —u )4, —1,)
AR 5 R AT BT TP B (RS, DL R iy —

T, =yl + B + o)
L+ 452 =Cord

1+ 4 S = Cn 4+ 1y 1)
T+ 452 =Cand

AT,
Tz""%#: o4,

1+0.5a,trA

1+a,0.5trA} 4

T, =C,ny(
T, =C,[n,, + (7, ~ 1, )1 +052%rA} )" A
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T, =Clm e /lo) dp MRZ0TE > 4,=0
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F3F RAREHAEAKET ML

MR FARIATH R A8

3.1 MRPEREHERHNSH

BT P L3N R A R A, 0 TR ER 18 4 A i 48 o B AR O 51 2 1R T o
1, AEIMLT, BT R

(1) BlAHBRSS, BEFRERHLER, BEGHEEESTREZR.

(2) WARRERBRAE, TR IIER.

KRAULBREE, EEAHTRATUGN:

WA ERRE
DYy 7 Y, K (3D
Dt Py (l_CV)pf
TRV P = g
(1+Cp—f)D—‘7’—Cp—f%=fs—E+LFd, (3-2)
p, Dt p, Dt ps Cyps
WU LA, WS M R R AR E 3 2.
St FBAME
Dﬂ:ﬁ —E+ Fy (3-3)
Dt pr A-Cy)p,
st FEEARR
arcPyPW. £ D% 5 VP 1 g (34)
Ps Dt Ps Dt Ps CVpS
KB W, BB,
W, b AR A X T
BALRERAKRBAN: f,=f, +f, +f, (3-5)
BARBERCRRAA: [, =f,+f, +f. (3-6)

—F*;];‘ 8~ l\ k ﬁ%‘]ﬁfﬁiﬁ\ %‘B‘ﬁ%ﬂﬂ&j}o
SEHT IR b AR 2 B
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(1) Bh: f,=-ge,
(2) BOH: f, =-o're,
3) #EH: f, =-20We,
BEEGENRPREHEEER, FTE (3-4) EFREFT R EUEh:

(1+C£L)W‘D_Wl_cp_fwlD_Wf=_gz+wzri_la_P+F+ld
x DI P, DI al a p, 0l Cp,
LEXFAFTRLL A, FAHRHD r, BIHBAEE— AR S, TH:
!
e’ 28(Z-2 *_u®  2AP-P ZIF"'dl
A R i B
1+c2 1+cZ 1hc pasc?y cpasc
pl pl pl p‘ s
(3-7
FIFES T AR
1
, 2[F ,di
W:-W}=-2g(Z-Z)+@W*-u})-—P-P)+21— (3-8)
o ‘ B (Y
# (2:23) A (222), HERBF, =-F, » BEERE:
W -W;=-28(Z-Z)+@’ —uf)——M(P—I:)+
Py
pfp.-(l+c;—)
‘ 39
- _ 1
d-C)p, ~CC,p, 2[Fdl
C,(-C)ppd+ctsy a
(2-24) W (2-23) 553:
W W =2 -Wye—LPD(p_py.
p,p,0+C 20
s,
(I_Cv)pf _CVp.r .ZIFMdI (3_10)

Cc,a-C)ppa+c?y i

WA DRSS, RN



F3F RAREAMAK G

!
K\(p, - p;) =W} -W))-K, [F dl
n (311D
K = 2(P—f:)p
pp,1+CEL)
P,

s

1-C +C,
AH: K, = ( ")pf “p’p
Cv(l—cy)p,pf(nc:f

£

B (2-26) AI40:

Bp,>p 0t W SW,

fBp <p, i, W <W,.

KPIRIRERI T 5, AT LAHE ¥ P9 A 3 A X 3 B F 42 1 3 P R R PR T P 2
IR HR:

Lp,>p 0 W, >W,, W, >W;

Zip, <pit: W, <W,, W, <W,.

EHAEENE, BAYEHRANRIEEEENNRIIAR, —KEEA
I A B S 0 LA AR B R B AT RIS, ENEFTIBMELER . WEM 2N,
W bR, MR B R R A (R B A AH B 1 B 1) AR T 3R /N T iR AR R
SCRR[41FH SEBIE B T 5 BE KT 7K B [ A BBURE 72 46 o R W 333 B K T A .

FEBXRVTURAEE=AEXE R, WHE 3-1 i

a)p‘>pf b)ps<pf
B 3-1 AREEFRH RN REERSIEE = AR
HELTTE, RRE p, > p,» BR p, < p, B, BEAAAEEEEE N THRIAHEE
BAEE. HESREENARAN, HRRET, ROBHEETRME%REE
IR .
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IHRXFHEFERT: 4 RN ERARINAD BN XX B FKERE
3.2 AYHMEERERSPISHR

AER—FMKMRKMOE K, EREPORSIEE T, K, LR,
R—MIEFERNES) . MNAENSIETHE EH#R AL EER, Hikxt
KA RRLAEBBINE TV A BRSO BAER

1992 €, Jeffery WAL T —ANRIME. HE S MBERER S Stokes W3+ IE
3, RABRE P OREERLHNN . TMEERERSIP, TR FOHER:

o Gr,t .
6(t) = tan [re tan(re2 +1)] (3-12)

AP G RYIZBEE, r. RFERKEHL.,

Wherrett(1996)7F Yamamoto 1 Matsuoka(1993, 1994) 4 #izhmt E, ¥—
BABEA—RIBEARBATRLTEE, SMROEFHNEHHTERET
HERZE, HERMN—RRIERTERRRERE Jeffery HiRH), HEKEHE
—%i, BBEEZBREKEN, HILNAAR . Olson T 1996 £ EKIEH)
BT —AER EMER, FELE FIERTHEENTR, BRMNERRRT
R I £F 4

2001 ¥, James.A.Olson R —HREMIRItEA %, WEFEMPTH rEEE T
AB MR E B S R v MR E R Ip B Hb p REATFAEEHK—A
HAr ) BEE R 28 1 RBIFETONER, W21 B, ERAEL RS SR

2
F= [D[u)-(+ip)l (3-13)
:

YERTELS % LRSI 5K«

M=_!lp,xD[u(l)—(v+lp)]dl _ (3-14)
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32 KA KNI 4
AH u HRAARNERE, v AFERBIEE. BAWE p FREFENT .
BT 4 A H N B HARME, ATH.

L

v= —Ll—j!u(y +Ip,t)dl (3-15)
= px i—%j[lu(yﬂp,t)dl (3-16)
2
Ab o hALEBFHAEE .
WMRFHRAEER u KA, TR HRE p aTUARTRN:
p=oxp 3-17

ERTRE SRR E T A ERSD M.

ER T L2 RN NI AT, KPR ERFZIEN BT’
8, HHERERKERBE.

1997 £, Lawryshyn HRIERR b -0 FIGHE D thEie, A FEPHETRE
PEETHERIIES) . 1998 4F Stockie Fil Green RN FIEMERL T R A EMIES), X
FiOT A RERE SIE LT X AR R, BREEFANRRT 4, =HMEE
BB A IFHIRIE .

3.3 REWIXMMEIRIAR F1ERE
3.3.1 FREMEMAFAR AR TIK

REWIEF TR MR, X R B HEE R AR RAR KGR,
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SARFHEFEBL: S FBERSFHIRRHENE XN A FREHR

FERANEENBE L. BRFEHARE —BRRAHERKEETHERE, WEREE
REFHIME T IXFE RN, RARERMHEFENER, FURSEFHAXER
GARER B TERE ARG LIE.
REMZEEANPHBEYNNERBURERE ARAL, Stepanoft'™
RERZEHTRERR S BREBEANFHBAYHERRZLXER, TS5
AE-BNNBETEGNEFE, ZERHEAKNERYLSTRE, W Cavel, vocadlo™,
Burgess'', Sellgren®. Gahlot!'”, Kazim"", Engin"#iiEE—E &4 FHLK
BIEHAT O, SRHBHECHERAR, K31 84 THIRBHZERAR.
HTLREAHRE, XEAXREHLEROTERNEERTFHEE. M
RIHF T BB BRI E . KARIREXHERERE W, HLREWRE
BKIEFT 40%, BHHERRKET 125mm, REINEREEA AR SR
B, FEAYIRIRE S5 T RREHXR. Rocoll V& H 1R 54T 7 kM E
REFHBSYN KERERL, BNEHERRASREH5: SR, ZKRHR
RAMBEEH R, NTIAHHENRUEXRAR, X—AREREEDEEIRER
& 35%ME AT HIRERE . Walker VSRR T BOR M ILAR 55 5 E % AR
YRR RR, HI/LAEREERTAH. HAEHOA. HAEE.
HAEEA%, SR RN R LEIME AN, Seligren! SR T KA B L
FACMIAR AR EE B AR KR S PR KRR R4, RN ERS N 0.8m Fl
1m, RIEKRFEHEAFR EEEHERMAWNE P KWK, KERXEER
BEVNGEAZETEANPMRHAL. Ni WA T RIKEFRHBRSYN L6
R W, IEHEGYIRER 35%0 B—MaR R, LEEIREXT 35%6, R
FIBRRAMER SR T . Gandni™ %/ 3 AR MEAERHRESHT TRR,
GRRNGEEUBRBEEK 2~10%. XTHREXPERERWIEN, STIR[17. 19]
URBEERENHARANRRE RAANT —EHER, MEESHXMIAY, &
—EMBEADREEHT, ROGETREESHENEELX.
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31 —EXTRERERBESORNHRETROZRAR

BER = HRRK,
[61 Vocadlo % Y= 9’—(5—1)[0.167+6.02 M]
S, D
(7] Cave K, =0.0385(S ~ 1)S+4c Ln (22”7)
=1-(1-C,)",
[8] Bugess® | 71 ¢ WZ
n=8(-0.1734d> +0.365d,, +0.027),d,(mm)
[9] Sellgren K, =0.32C;' (S -1)*'C**
onS+3
[10] Gahlot % | K, =0.00056(S -1)*22=2C, Ln(d,)
[11] Kazim% | K, =0.13CW,/(S—1)Ln(d—W)
12 Engi 4 =0.11C, (S =1)"* Ln(—==
[12] ngin % w(S-1) n(22 7)

3.3.2 RAEWIEMHARKNAIERETW IR

RAEFAA 2, I BRBLHAFHERZ M, BUER
EAHAANRNHRETR, ERLF LDAREE MBI RERLFATR
RN, RERESRERAH—BERAR, UARNELFHHREY
RS, T B I A R D R [ G P AR A o
BHERA, ERURITFHARAR, LK 0FE %M YT OR LN RENE,
K—THEHSEKR. FEREMRAREMT KROTE RETRAOHXE
BB, hiB%EMBERNE, R 32 50 T RATBRBIMAH R LRI, XEHRE
KR T BRI RBIRIEC, SUEBURIEC, ) WE(S,S=p,/ps o p
S5 KB BYRBANEE). YREAR (PHENAL, RERTREZL) Fint
RERSARNGEEOLH. HTFASROTFRAHNRY, ROHEERNRE
RRFK. TiEREFEXENRREARAANHET, HELEEL, BLLE
BUH KK XR21)GRREE CLE 3-5) thETIF X — 8. FHi,
X B AR R BN SR .
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32 BT REBSFARAN 4R LR B

BREB Cy (%) e gﬁ ¥ | WE fﬁ
B dy | 4, p | a
ki | EEAR Min | Max /g, s N
ik (vm) | (Hm) (mm) | (vm)
[18] | A¥E | 180 | 180 | 9.053 | 32775 | 025-1.00 | 270 | 1000 | 2.65 | 29729
(1] | BE® | 230 | 230 | 6511 |27.906 AV 270 | 1000 | 265 | 4/4
[11] | CH® 460 | 6.714 | 24.720 AV 270 | 1000 | 265 | 373
[18] | DE® | 230 | 230 | 6.644 [ 56020 | 0.25-1.00 | 270 | 1000 | 2.65 | 4949
(18] | E&W 328 | 10778 | 55205 [ 0.25-1.00 | 270 | 1000 | 265 | 4221
[11] | FE® | 362 | 400 | 6.720 | 44.602 AV 270 | 1000 | 2.65 | 4/4
(6] | GE® | 105 | — | 12.190 | 53.080 1.0 280 | 1780 | 2.64 5
[6] | HE® | 330 | — |22.680 | 53.080 10 280 | 1780 | 2.64 4
[61 | 1&8% 570 | — | 22.680 | 53.080 10 280 | 1780 | 2.64 5
[6] | 18 920 | — | 22.680 | 53.080 10 280 | 1780 | 2.64 5
[6) | KE# | 1400 | — | 22.680 | 53.080 10 280 | 1780 | 2.64 5
[6] | LE# 105 | — | 22.680 | 53.080 1.0 280 | 1180 | 2.64 4
[6) | ME® | 570 | — [ 39.760 | 46.810 10 280 | 1180 | 2.64 3
[6] | NEg | 920 | — |22.680 | 46.810 1.0 280 | 1180 | 2.64 6
[6) | OHB | 1400 | — | 22680 [ 46.810 1.0 280 | 1180 | 2.64 5
[12) | PE® | 400 | 400 | 5540 | 28.500 1.0 210 | 1250 | 2.10 2
[12) | QBB | 413 | 440 | 11.60 | 21.400 10 210 | 1250 | 2.64 2
[15] | RE® | 400 | — |20.000 | 60.000 | 0.50-1.10 | 365 | 1000 | 2.65 | 19/19
(17 | SE#® | 1840 | — | 15556 | 65.713 | 0.60-140 | 400 | 1200 | 2.65 20
[171 | TE® | 372 | — | 14467 [ 65743 | 0.60-1.40 | 400 | 1200 | 2.65 16
[14] | UEB | 270 | — | 22680 | 39.759 | 030065 | 810 | 590 | 2.64 14
[14] | VEE | 1500 | — | 22.680 | 53.083 | 0.30-1.00 | 810 | 590 | 2.64 | 18/18
(8] 27 295 | — | 8850 | 63860 | 040-1.00 | 371 | 1300 | 2.67 40
[8] TR 1290 | —— |13.930 | 56.450 | 0.40-1.00 | 371 | 1300 | 2.64 40
8] | EFA | 290 | — |[14.770 | 58160 | 0.40-1.00 | 371 | 1300 | 2.67 39
8] | &&F | 170 | — | 16110 | 61570 [ 0.40-1.00 | 371 | 1300 | 4.63 27
[11] | #HBA | 185 | 377 | 9.010 | 57.800 AV 270 | 1000 | 149 | 611
[10] | 8B | — | 900 | 33394 | 47.743 AV 270 | 1450 | 1.48 6
(13] | #¥McC1 | — | 14900 | 15.840 | 20.670 1.00 825 | — | 1625 5
[13] | ##®C2 | — | 15500 | 25310 | 29.250 1.00 825 [ — | 1562 2
[13] | 8 C3 | — [ 15300 | 27.230 | 36.150 1.00 85 [ — [ 1716 2
[13] | 8 D1 | — | 16700 | 23.580 | 29.660 1.00 825 [ — [ 1520 4
[13] | % D2 | — | 17600 | 38.460 | 42.680 1.00 825 | — | 1756 5
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13) | ¥ D3 | — [ 17300 | 43.170 | 48.670 1.00 825 | — | 1.759 6
[13] | ¥ E1 | — {17300 | — | 18.870 1.00 825 | — | 1.827 4
[13] | #HE2 | — | 16600 | 30.720 | 33.120 1.00 85 | — | 1172 3
(13] | BME3 | —— | 15900 | 42.160 | 45.570 1.00 825 | — | 1754 4
(13] BbRR — | 26700 | 21.440 | 28.950 1.00 825 | — | 2.60 5
(11} | &FHA | 663 | 663 | 2.511 | 12558 AV 270 | 1000 | 435 3
9] | %% &B | 1800 | — |27.930 (37270 | 0.50-0.80 | 430 | 800 | 4.15 6
(18] ik 230 | 230 | 5332 (23200 AV 270 | 1000 | 624 | 31/29
(12] | B2&&-A| 270 | 211 | 8470 {20420 1.00 210 | 1250 | 2.34 2
[12) | B%H-B | 1390 | 1147 | 8450 | 23.390 1.00 210 | 1250 | 234 2
[9] | BE#H-C | 350 _ | 33.060 | 54930 | 0.50-0.80 | 430 | 1160 | 2.34 11
[91 | %K% | 3000 | __ |17310 [ 30.710 | 0.50-0.80 | 430 | 800 | 2.67 6
[10] | #EF _ | 1704 | 13617 | 56.170 AV 270 | 1450 | 2.85 6
(11] 122 455 482 | 3.665 | 9.470 AV 270 | 1000 | 5.51 3
[19] By 30 _ | 5590062150 | 020070 | 450 | 800 | 275 | 99
[21] v 135 | 209 | 12100 | 52.100 | 0.30-1.00 | 264 | 1450 | 2.44 17
21 P35 42 59 | 13270 | 60.520 | 0.30-1.00 | 264 | 1450 | 2.08 37
[21] 5 135 | 209 | 10070 | 31.800 | 0.25-0.700 | 400 | 1250 | 2.44 27
[21] Kt 42 59 | 14.100 | 4800 | 030-1.00 | 400 | 1250 | 208 27
[22] | BeEEE 9 | — | 10.000 | 50.000 1.00 267 | 1200 | 2.42 5

BEHRRZEHHREAX RS A 6SH-9 H14PN HF & BT T BB R IR R,
R MR 3-3 MK 34 FiR.

1.00 T
BEME
-—
0.95 ~]
0.90
nERH

0.85
d=0.075
$=2.65
C,=4%

0.8

0.2 0.5 1.0 /A,

CSE-SRNBBU AR R ERER
K 3-3 6SH-9 BIRMZRLLAMR KRB S R
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LOT g ki

0.9

B ENE

0.90

d=0. 075

§=2. 65

C=14%

0.2

0.5

1.0

IINERBRL PR R L ERER

B34 4PN RZENFEHANEL R LR

(3

sesss Water
voooo Cw = 12,
aaanas Cw =z 22,

1
8
90000 Cw = 33.2

B3-5 FEFEHRRGHERZLESRENXE BUEK HTR21D
EESIZHRBR LR, BEENREE T RENEE, MHES M 1.48 % 6.24,
TR ERd,Rd, \30um 3] 26700 um, FEREBKET) 65.743%. KRB
fla A B ARAIR K, I E 2 D M 210mm 3| 850mm, %1 M 590rpm | 1780rpm,
HEM 025 2 14 EHERE. FHILLL EEMOREFHES, TR ERS
B R X PRV AR P RE R AL

3.3.3 REMZEMERBHBFRELLAR

(1) HERUARXMER

REMEEBAHRAN, ERENGEEETRE Q. %En. HidYREY
£D. EAEYIREC, URBWRE) & C, (FRKE). LES, PhLREHRZd,

Rd, . BES Z. BHEBRKERE R e BEVWHHER L. ROEEH




% 3% RASKEHRAREGHLE
JUTBHK . EHMEE g LR BEAHILE — B0 TS, TUH—A
RYXARRTTW T
H, = f(Qn,D,g,1,C,RHEC,,S, dyHd,,,Z,p,K T ) (3-18)
XEH, AREFRRSYNGRE. S TGRS WHE T RAM, TR,

2 2 2
Hm=anz( Qs’an
g “nD u

FIE, REMEFHKN, HETUSRH:

,C,®#&C,,S, d,Hd,,,Z,p.K.T) (3-19)

2
f;(ngg p’LD K (3-20)

EFEHW%E%%KB‘TE’J%E., EXH,=H,/H, ARNHEL, BLARE:

H, =L ”"f ,C,H#C,,S, d,,Hd,, .2 K'T) (3-21)
LYK, =1-H,, #E

K, = ﬂ(%,%,cwﬁ%cy,s, d,8d,,,Z,pX\T) (3-22)

WAIER 3-1 Bz, Cavel. Vocadlo™. Burgess®™. Seligren™™. Gahlot!"”),
Kazim!"), Engin"2HHHRE AR, FELRTEAHNGLE. BE. KEX
RUEgerEw, HENFE—LHE, WRFFZFREN/LABRYRNEZH; R
REE— LB R BAKETNA, FHTIEERES.,

HnpREEK, MEERE, EHER (3-22) FHREXER, Hib ERg##
ITHRNHES, BRREEE—LXE, REE - NRETUNK, FEW. B
X (3-22) KT, WBEHMETR, NREBHENKREKLR.

A. C, XK, &M

Bl 3-5 BRTE—ELELNT, BEMEKENHEBROEH, FERERE
TXHR[8], HZERLLER, C, 5K, EX LR R, B (3-22) TUXKE
AT R

2
Ky =Gy £ P08, dibdy ZpKT) (3.23)
Y7,

RSt XA EA L RMURT I AE R EEM AR B, BMEXFH
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AFXFREFERL SRBEARSGFHARD RN AR K FKEAR

RGHEEHREAX (3-24) WEAEL—H.
SR EEAEEYN, RERHETLUE.

HTw

0.40
L

0.30

0.10

1-C,

C
(u2vu21 - ulvull) + ?w(“zvuz.v - ulvul.t)

A
EYEN
A EFE $=4.35 ‘QA
58
O W®  S=L¢] A/ K
A b
& | o
A 'O
AQZ (29/2 o
SHC
ﬁ%
A oA QO

i

Q/Q.=0. 40-1. 00

1

40 60

(3-24)

Gy

B 3-6 BEAEYIREXHERKZER B8k HIXHRS)

B. S3 K, MEW

0.40
ks

0.30

0.20

0.1

Co=40%

AV

~
=
p~3

\<7

M}(rﬁ

2

4 6

§

B 37 BEAEMLEEHZRERAES B8 diR 6. 8. 9. 11,
13. 18, 19. 21. 22)%EHHE)
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b B3 50 B e S AR LA B A U B B R D REOX AN T, ehi B 3-5
AUEH, REGEEK, BXREBRAREEXRR, REWHRELETTS MK,

M mET, LS - AR, ASCRAXFAME, FHilk (3-23) ALK BWT:

2
Ky = CW<S—1)*'ﬁ(%,ﬂ"i,dsoﬁdw,z,w,m ) (3:24)
7

C. MRJLATRRBR KN K, (W

AEUHI, BRI Z, BABRMER AR o BEDHHERE 4.
BEHMEE g URESMILE— YR T %, BEREEL BRI
RAFRLA S K, FIW . Walker TSR T BORKILATTER S R 5B BHAH
REVHOMEZARER, HIUABREERT A HAEH O/, WA,
HABEAE, SGRATHTPRMEGERUEWIRAD. Sellgren MBI T AR B
FAEME R IR B AR R & IR B PR AR R4, R E RS 514 0.8m A
Im, KRERFETEHRBR N RERGEEA W NRPHEHK, KRREER
BEGEAMBETEANNERE. HURASRED - TES¥d,,/D,, X
B.D, R #5ME, dyy /D, BERAE T BRLE LA RE, HRET HEHLERE,
Fik (3-24) BB AWM TFRR:

K, =C,(S -1 ¢(d,, /D) (3-25)
AL — PR T
K, =bC, (S ~1)"(d, / D,)" (3-26)
Xt (3-26) BUHTEA:
LnK,; =Lnb+LnC,, +kLn(S -1)+k,Ln(d,, / D,) (3-27)

AR R ERFE b ks k, FOSE.
(2) Zm& AR ik
ZCE A EA T T U A R
WREHERR y 5 ETE X WU TFRER:

y=by +hx, +byx,
£~N(0,67%)

WA EXHBER y KT 2 x, WEMEREHE, 3FomgnmEgn, §EER

(3-28

59



EHRRFHEFERI: S EHEARGHARAS BN X R A FKEARL
FRERME (2,200 5 (50X, Y3 ) wnsy (X,,X,5,, ) FAGTHRIBH b, b by,
MRS — uek itk [E R 5 2

§=b,+hx +bx, (3-29)
B Q(by, b, b) =Y (¥, by —bx, —byx,,)* » WIEZ TRBKBAER TS 54, THiE
HEB/MEFFE, ®b,=b, b=hF QBUERNME, HTXKBb, b, LEHHKQ
by by bRI—HrMFE, HEHAZF:

X o ¥ (3, ~by by ~by;) =0
—=—22(y. ~by ~bx, ~b,%,,)x, =0 (3-30)
___22()’1 —by —bx, —byx;,)x, =

nb, +b|zxn +bzzxi2 = Z)’i
bozxn +blzxi21 +b22xnx;2 = ZYixil (33D
bozxiz +b inlxﬂ +bzzxi22 = Zylxﬂ
EAGBURNERFTE, LB Kb, b, bESHHHAL, b, bKEN
ZHfETHE. WES:

X == Z X%, = Z X3y ——Zy,, 111=Z(xn—fl)2

121=Z(xn—f|)(xn—fz)=lu = 2 (% %)
=26~ - by =2 (%2 =%)Xy, —7)
by =2 (%2 ~%H)¥,~7) l,=Y (-5
MAERTRITUTHW TR

L +1.b, =1,
1211;|+lzzl;z =l,
FA ERTUKM b, b,, BRAL, =y-hx ~byx,, TCARES, MFIHE

ZREHEIH R (3-28).
SHPEHERNEEHRBRANEZENEEHRK.

(3-32)
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SAE AR BEHRRER AN T ELRREEENE. b RTLNE, We

AE, RAAEHREREE: WALAZ, HAAREXRREE. HILRHRE
W: Hy:b=b,=0.

0§, =by +bx, +b,x, =7 +b,(x, - %) +by(x, -5), XBi=12,..,N, EHE
T2 5 R4
S =Y -3 +20,~7)
B8, =Y 0i-5) .8 =2 (5-5) » BA:
S, =S, +S$;

S, WBRETHR, RETEE yo o -. .y, WEEE, S, HABRTHH
BAEREFHH, TERBRT B x. x, WEEERIMABEER yo vy ...y, B
Vel Rl 48, =YG,-7) » BAS BT $ §p ... 5, HBSHFE. TL,
BEFEFHMBAR, TEEIR yn yyo ...y, WEIOFA REERME E A
FT. R—TEEE—RE, TURERS,/S, MHERRRH, . SEfAEs,

S,/2
S, /(N -3)

F RERAXRRMBEH, WS &. WRHCHE, F KRNZE4H,, FRIF
LEMBENKF o, BRRMZENN: WF>F (2,N-3), WiE4H,, Ahy5
x , ZEHBENEEMEXKR; WF<F_ (QN-3), WEZH, AAhy5
X X% Z I BEMEEAXKR.

Zu&EREIAS, RARREERASERYUREREN, TLHRERE—
MEER y KEMENRHEE, N THREREN. EHAEENEER, BTN
MlAG RSP L. FHLEFRUT OB RS R E R

H, :b, =0

0%

S /S BRMMLIEL H,, WAL, M H, AER, =F ~F(2,N-3),

B LAUEBA %" F(LN-3), HH (') =S5,/(N-3).

ok

HEERENEERKFa T, RRAEUA:
MEEFEWAKFF2F ,(LN-3), WIE4H,,, i\hy 5x ZIHH S ERL A
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EFREFHE RN 2 FHBRGHARADEIE Xt FREHFE
KKF: WF <F_(LN-3), WE&ZH,, A&y 5x, 2 AIEEENRHEHEXXE.
(3) ZnkMERM TSR

GTFRIREA S IR B SCER[6. 8. 9. 114 13, 18. 19, 21. 22], HANEN
HAER 100 A, HPHEXMARMET 4, TRERE 4, HEIE, bT—K

HIBEARRN 5, —HEHARKK, BRI 8 B3 4, HARE d,, H1E.
WHASBEMEEIR, 2diHEBH: b=2.705, k, =0.64, k,=0.313.

EREENKFERa=001, KEFAKRHEEHRRAITE S —1),% b

BEHRRZ FESHA: 10969, 12.675. 9.834, KXT&E F AHARPHERME
4.82 M 6.90. HILLtEHBEHRRAESERK.
BISLTAT AR AR BRI AR K
K, =2.705C, (S -1)**(d,, / D,)"*"? (3-33)

3.3.4 FIEHMEMBRIERFETHARB > HTFI L

ATHEAR (3-33) MBPREE, TLUHE (3-33) FHOFAE. ZRBMHEU
B 31 PARMTIEBAT R B FECMPHOEERE, XEFMH TEHHA
A = B4 T AR

1< KH(ap)"KH@q)I
M, =L (3-34)
N ; K ey
RAEM, o N Ky Koo PHARE. BB GREARKE. HEG
WEHMHE.

BT H NG RINE 3-3 fin. AR 33 TUEH, ATHEARNAAEE
ERTR31FEHHEARXMEE . KBIROTRREE X 15.749%, 85 HiRE
BH 2.186%, FIITRMNGE R 8.378%, TiFER 3-1 FHiFIKI AR+ Engin 1
PR RIK, A 10.642%, HREHHARHMARET 2264%, A% 3-1
FHEAHEAXERI SRR A M EHRKHRERE, MEZRK, 3T 80~90%,
HEtEHHHEMTE ARG UER T EA R, HWEER, ENME &R
REHER. EAAXMBR LK, SUENTHEARTRA, EARFERT
52 £ SLRHEAE
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£33 BMGRERAXMTEERNRRENZER LR

wE | xxar [6] {7 (8] 9] [10] [11_] (12)

ko i) o %) Vocadlo | Cave | Burgess | Sellgren | Gahlot | Kazim | Engin

(%) (%) 9 (%) (%) (%) (%)
AF®E | 131 7.95 44132 | 16487 | 30037 | 18674 | 8496 | 8358 | 16.543
GK&g | 24 4.876 7.044 | 5.165 | 12.891 | 9.490 8.92 6.660 | 8.401
L-0 B 18 4125 4231 | 4679 | 13172 | 9639 | 10222 | 7.985 | 7.553
P-Q #Bp 4 6.571 44574 | 9913 | 17459 | 22946 | 11.063 | 9463 | 13.16
R Hgh 19 5.837 43332 | 6771 | 12365 | 9.627 | 11414 | 9.634 | 7.288
S-T Xiigh 36 12.177 27922 | 22356 | 41.598 | 23415 | 36273 | 32.898 | 16.539
U-vER | 32 6.510 38771 | 28984 | 9.169 | 37.157 | 44.244 | 40557 | 22573
b 2013 40 7.924 38133 {10371 | 7.787 | 25879 | 19.066 | 16.741 | 9.180
e 40 5219 30710 | 5297 | 6.566 | 13.786 | 11319 | 8879 | 6.621
H®ey 27 4.578 36773 | 4.692 | 10578 | 26375 | 5.000 5.168 | 4.642
BV A 39 6.300 41267 | 7.188 | 9252 | 25778 | 7269 | 7.228 | 7.213
W% A 6 14.968 65.047 | 44107 | 39614 | 32.018 | 13.693 | 4375 | 24.988
H#%B 6 15.749 61173 | 26077 | 13.766 | 29.747 | 11673 | 4.624 | 25.731
W¥ciE | 35 5.335 46007 | 11272 | - 31923 | 19939 | 14.480 | 24.088
25 5 9.826 31653 |20.108 | — 40.134 | 12011 | 14.480 | 24.088
BHEA 3 2.186 39057 | 7278 | 6330 | 88.053 | 1220 | 7.542 | 10722
%A B 6 2.207 3578 | 3261 | 45427 | 15349 | 3993 | 3173 | 3.331
Rl 31 13.244 38285 | 14.015 | 17.695 | 96.137 | 16.383 | 13.416 | 13.041
BHEAB| 4 3.470 30.110 | 4291 | 18350 | 42.600 | 8450 | 5751 | 13.477
BIRYC 11 9.587 29.178 | 5036 | 6.692 8578 | 12311 | 7.160 | 9.782
EHE 6 5.020 6.648 | 6.065 4.809 3.255 1.683 | 10.698
RN 6 4,992 38.104 | 11713 | 26356 | 11307 | 5725 | 6.062 | 15.949
23 3 2.733 42553 | 8854 | 11.732 | 94.819 | 17.405 | 10872 | 10.620
By 9 15.591 28.161 | 81.071 | 38.567 | 61.077 | 70.841 | 71377 | 82.064
LR 17 18.412 53347 | 37574 | 52247 | 26645 | 18.900 | 19309 | 26594
P2y 37 11.524 41216 | 65570 | 48.726 | 58.769 | 28.002 | 32.714 | 49.250
VB 27 11.368 34334 | 5558 | 26.576 | 15.142 | 41.492 | 35.901 | 14.655
XK# B 27 11417 32.614 | 58.003 | 40.809 | 47.525 | 13.945 | 18.295 | 38.096
BERER 5 6.393 38.744 | 30.198 | 41.902 | 51.465 | 15.157 | 18.589 | 33.797
B ¥ 654 8.378 37.258 | 19.210 | 23.629 | 29.443 | 17.949 | 15907 | 10.642

3.3.5 REWMIEAMIBRIKNTHERSHE
SCHR[S~ 6] FRFE 1 PR AR TR & 0 e A T o i A2 R A e 8 S AR R B ) T
MREVHHLEAR, BRERREERMESYR HREENGREELE
He. FARXTTURIER:
K,=K,
B, =S,P,



IHRFHREFART: 2RHERGHADAHEITH XK K 5 KEFT
XBK ARERE, B AREFRHEEYNKIIE, S, AWFEHBEYHLE, P,
AR AR AR R ThER

Wilson 7E 3CHR[27]46 i B AWK BEA B, F4< 0T CAR b1 23 =Sk
WEIHENBER RN, SERREVHERKERONR, REEELS LR
BARE, FEAEA ERHARRMITIHE, MERENL. Cave IS5 R CHER
[5. CIRARKMXA, (HRMEAREERNSHM/NTHERE. Seligran™ [
BT R B B A (AR BE R 20~25% 1, BT LAFH b T 492 3R S T L Th e g 2
R, ERELABIRERT 25%0, BMELHETRNELHEE,; thios—EH
AP HDENRENRUERARAMORFTEARAMGE, TR, REMELA
M REEHRE, ¥TRE, NEBRELHER M E. Hibgpragle 120
HIBF R 4518 K2 I\ 72 MR [ (K 2 (L 7E 2%~9% 2 1] o

i EmEEitie, REEXTREFMBEVIIRNMNEHZUHIFEBH
—A—HIEWR, TEERERERT, X THRAKRBLMBEEBRD.
A4 H— MR R B TR R A R

K,=AK,, B, =S,P,

ﬁii%%ﬁ,bﬂ%?mébykﬁ%i%&,ﬂumﬁﬁ%%%%ﬁﬁﬁo

vV 50

3.4 XE/NG

A E K EE HKE TR RERR E R R R, FEMTIER:
(1) M3 A BT 24T 60 F B, T ST 3R 78 300326 B WP AT AR B A0 B AR A o
XEPXMNHHASIBAT T SEORKR, NTELTREIFE, 267 T Bk
TR DERRMREEREE, BET L p, > p, 0, W, SW,, W, >W,: Zp, <p,
W, W, <W,, W, <W, %8, IHEENRFEFETRHEARHERsEE=
AT, BUER p, > p,» ER p, < p, B, B A B RSN TR
B AEE. FSREEFHERER, HERET, ROZRET AMBEHE A%
iREiNE77 R
() FEAT Wherrett (1996). Yamamoto F! Matsuoka (1993, 1994). Olson
-~(1996)+ James.A.Olson. Lawryshyn (1997). Stockie F! Green (1998) Xf& Ttk
HEMPABR BT G
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(3) R TREMESBEHESNHHBREYREREELAHAAENL, &
AR T Stepanoff®), Cave!®l, Vocadlo”l, Burgess!®). Sellgren’®. Gahlot!'%. Kazim!'!l,
Engin' | Mez!" | Rocol™ . Ni. Gandhi?® ZRBFIFLE, BT —iRm
AR RER A WET BB B AR SUR BT MR BRI A R
I EIERE SR, WERXLHE, NAZITEERIRMTFER B T HERNT
HAXHh: K, =2.705C, (S -1)**(d,, /D))",

(4) ATHEBRHEARKERE, KARHE AR 8 R BT T 6 FU A
BRBE. HAAXMRWEHITHE, SRRH: AXHHARNBSEEER
BTHMAEARXMHEE, KEEROTUREEN 15.749%, BEK TR S
2.186%, “FHITRIKEE S 8.378%. HiL, AIXHMHREMEITHARSE UEITE
AR, BEER, SNMAAHEXEEER, EAARMER Bk, S0
BERHEARANR, EARPHET 5K RAFE.

(5) W T REMISHHFRE TR, BEDUER, BFTIHHEHE,
BEBHMAR.

S 3Lk

(11 BRKE, NERFTHE. FARROERS R, k. RBTIHRE, 1994

[2] Hivst, HREHES. BHARRPEHNZ A TEAYBRER, 19893): 320~325

(3] Hwang G J, Shen H H. Modeling of the Solid Phase Stress in a Fluid-Solid Mixture. ASME.J.
Multiphase Flow, 1989(Feb.): 257~268

[4] PHE. BOFHRDESHSARES). FARREE B2 FHEXFEAFT
BRKNHMEHIA, 19858

[5] Stepanoff,A.J. Pumps and Blowers, Two Phase Flow-Flow and Pump of Solids in Suspension
and Fluid Mixtures. 1965, John Wiley and Sons. London

[6] Vocadlo. J.J., Koo, JK., and Prang, A.J. 1974, Performance of Centrifugal Pumps in Slurry
Service, Proc.Hydotransport-3, Paper J2, BHRA Fluid Engineering, pp.17~32

[7] Cave,l. 1976, Effects of Suspended Solids on the Performance of Centrifugal Pumps in Slurry
Service. Proc.Hydotransport-3, Paper H3, BHRA Fluid Engineering, pp.17~32

[8] Burgess,K.E., and Reizes, A., 1976, The Effect of Sizing, Specific Gravity and Concentration
on Centrifugal Pumps, Proc. Inst. Mech. Eng., 190-36/76, pp.391~399

[9] Seligren, A. 1979, Performance of Centrifugal Pumps When Pump Ores and Industrial
Minerals, Proc.Hydotransport-6, Paper G1, BHRA Fluid Engineering, pp.291~303

[10] Gahlot, VK., Seshadri, V., and Malhotra, R. C., 1992, Effects of Density, Sizing Distribution,
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114, pp.385~389
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4.1 BHRH Fi5KREIRT

4.1.1 MRAFRETHEER

RIS ER MBI TR, AREDFRORARER—R 0 B KE
M, kR BEE—MG, RREGANAR. —Ris, BRI TE
AN, ZERM BRI . —TEiR, BERATRT
B, oA, il T RE:

(D HREERS, HHATRE, Fior5emmma)eT B - xR,
F BARX R 1A S5 R E A

(2) HhHE R MBI S 454

BOF EEAAMRRZ—, BAR T BRI S, REE MR,
BFEE—NEE, ARADFERERERTIHHRESIMH, RE—F THEk
Wi .

SERMF LHRMER, HEMAZERYME=TERKE T k. AR
e H B RARXS PRI AR, UMM = oiish i B R A C 2 BE T
RAKIERE, BATHERAS) )% (Computer Fluid Dynamics) Hi—ANEE K.
B SR WU A TR BER (Buler 7128 ELHBRE, “BH—
SERIRIAEE, FIF N-S TR RN ERER BB TIRKMER. HE,
MR R B RE, BR-EHREMT —BRE, BhTREMALEN
B RAES, BEHBCRBARRE .

—LERATMI B, KRR TREIIE, B5EhRRsERANER,
FROAZKETEBERERRS RMMEIE. KHLkK, —TE R TRERR
RZNMAMRHTE RETEENZR, BHETFSREMNRH.

HAl, BEXE, IGKRMERT, EERE-TBEBHRITE BRERR
HGKRAR . /LTS BINER EE AR A,

AERE—TERNERM L, BECHOMRLTENER, a0
TKRI B DT EEH AT .
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EHRRFREFER: 2T EREHADRY B ARt A FREMAR
KEENIEY, SERKFERTHERABNERMARNEDEE, Hit
WA ETHEREHRROBRE, BRAFARELAEERAR, ATUERK
RE LR BRERR AR RNAY, BEFRBEAFTUREERRRIAE. =
TERHRU TERSFEARRRTRRIT .
4.1.2 HIRRTM Fi5KREK DRt

ERK ARV REERATHBEORERRE . BTFHEKELH XS
EWFEAN RN, EXE-EMEdHE KNS —REKESR, BLS
KFEMEBFEKRAOX 5 R ZHENA FREE 25, FLEBH TS EEK
R BKHAT .

BEEE—NRENEH, HEIERBRKET TS,

RS HTF:

JiE 0=150m’h, 2 H=8m, %% n=1450r/min, & n=227.

witd BT

(D HEHRECOLBRERD,

l)0=K03g (4'1)
n

AF: @— WE (m3/s) , n — HE (ymin). XBEHFHHB0M, rHeOw
DERAHK—FHREH#FEORX—%, HHEK =40~50 . TIHRHFOHR
D, =D} +D} .

X F A QAR B ER Dy=27.5mm, K,=4.0, B Dy=120mm.

(2) H#BHEOHERZ D,

HFHRICIEM R, SREREHEHRZ EHAHRXYRE, BBR

BoRKEm, ANl 0ERNE—RBORMER ERMMKA, XEREEH
AW

D, =K,,: % (42)

Rt K, =(9.6~104) ()" T, p—HhstiE,

nS
100
Bk, ZERHANEERAEETHHOBRER &, WilEEKRLEHE
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HOBHEZMHE, MREKEZHNRA, FLREESMKT i HREmHnE
7, BT REERAMEOER.

ARG H R OB D2,=220mm, J&#RAEH O EHZ Dy»r=198mm.

(3) HRHO%E b,

ZRINEF—EMETRES, FANGTHAERD, FHik b, MHE—RELE
MEER. XEREFHPNARN:

n

ﬁ*:quqﬁif,ﬁKFﬂWﬂj,%%ﬁk%m¢ﬁ,w%ﬁ¢wmkﬁe

X FAE, b=56mm.

4) HArts o

MR JE SRS E A EE 3000 ~350° [, FEEET: (1) BT A,
DRERABL —BHLEK; (2) HTHAERD, KKNBHTLMERFE—
EMERRE, FHNTHRAEMEBENRE. XENFHERAEMNF G SR
SMBANERANR, MR ERALNEHZENTE 100° LA E. B THAK
W, AXwitT AR, HREOMEEE B, HhfEERRENERAZ
EAF, SFHWMTF:

41 FRMEREEAKA

M3 AR IR AR A Az E
1 180° 315° 135°
42 2 215° 315° 100°

(5) P J i 1 P AR A S D 2 AR

W T EE—2LAS4)E, RAaTUSEH FEEERT . EahihmnEEg
B, ATCURRYE DA AR R YD A e SR, R A R EmaR K ARL, X0
—BHEORBREHAKA, BRHERERETREWIYS.

HTFRERE, CEM—BEHOR—H, SPEEREUZEFHFHEL. &
S REE-BHRBEARRNXA, FEEENE, BTG, BTUES
DALt —BELORY AHES, HIHIREHERRK. ELRIS, FHRRALS
REUEEI 60 Rz % . ARIFMEE. SWMEMMRES S 4-1 Fior.
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EH.

B TH R it O PSR aT CATHE M R B3 D=2 . O O 4 T BURLEE
HOLEE=fAFHHE, W42 ELFR. HHALWT:

|}
Yol

U2

(2) o U1 (O T

B4-2 HABHOEE=f%

Q nDin
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m 2m,b,6, ! 60
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B U,

HETmARHEHEREN S FRTUBGE DM K RIK A B, ,
By =B +Aa, Aahiifs, XFRBRE, Aa TURARBKA—L, BUFITR
DMEONHER, BURAZ=S® ~10° . TS BMMA TR Ae=2® ~5° , &
FI T REAHIA.
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b, #OBFREMLZBASANA: WHERRE B, =24°, PRKL
By =35°, JE#IRIiL B, =53.5%

MR HOZBAEDSH A BREARN, BEX LESRE —BRELEFPHLE
BT, TURFE -BRELORHRALR R, xF Tl
By =20°-30°, X TR E AT LABL B, =30°~40° . A FTHH, FIHRALE
Boye =22°, HEIPE By, =25°, JEHERHL B,,, =30°,

(D HREH

MR 2 RRTLUR A & AT, 5H%EM A EMEITRIIRK, XEAE
M. AXHBITHAMR, BHIAHROAEEEE -8, HIARMLTET
HTFHAEAANE, REBREFAR, SH0E 4-3. 44 FiR.
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IHFKEREFERL: SRUBAKRGBARRHZI AR A FTREHAR

SRR FSKRNE, WENRTE5—BIRTNARTXH. &%, %
HEH®% D5 D.ZANABRKEER. ZHEEERANMFL: —RETKBRAK
FEMAMEDL; —Rb TR SAHRFEENBANEHRE RS, BRXM
K, HEHORGOAYIERT —RELR, MAXREREF TRTAGRS)
K5, NTRERNMEE. XE#ER D,= (1.08~1.25) D..

Hk, iTHREERMA, SEHRHOREHN®RD, HGHEEnHRE
MM, E—REEEGT, GHERREMK 10%~20%.

SR BB KR, FARFERAK I B 4-5 B

165. 5
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FISKEVRN
8.6 9%

6.8

108. 6
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(7
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<“\\

67.2
233
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QZZ f’a

64.2

9.4
4.3
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SR

16.
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45 SRFKHE
4.1.3 FIHANHRSKRHEH=4ER

—BOR U, MR R RS R, BTG MG R e R =
ERHRRABAT=4ER . HEAM=SERKMHRE, 0 Pro/ENGINEER.
UG %, tr] LA A FLUENT HH)ET A3 3 GAMBIT #47 =4k 7,

NERAM=ERIR G, REATERHIARK, KBETUS A &, @ &
PUASERE, PR THIM 425 51 Pro/ENGINEER. GAMBIT #1T=4% %, 45
W 4-6. 47 P, BARERIXEARFEE.

REHRN=SEE, 7TLURERMERMN MR AGOEN SR, 2%
BRI TR AT LA = 4 B b i 38 R (R BT AR



F4F A XAt b KRR A XA R

Kl 4-6 MiEgTE 1 MZ4EER (Pro/ENGINEER)

Bl 47 MERITE20 457 (GAMBIT)
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IARFEERFERL: SRBBROFHIBAHANE KRS FRRAL
4.2 ET COFD BARRYMHE1EAEFM

4.2.1 CFD HARFHEERERN

BEE T HARARKRER R, FRHBERB (CFD S EAR) 1B —F 5.
BAMAERKHRLR, O ENATFHEIMABRSITIAY . BEERIN
MRETRBAEBLHANLRARLEBRRORT LA E, SLRFFHL
&R A EED>BE, MEFRENESN, £045TEH. ik, A%
75 R W B IS B B R S B v g — AN EEF B EER,
W& THERAA T 2R BB AR R R, TR0 TERE TEXRHE.
KAV R BER=ERIINE T KENKE, © OIS HEBAK T
HERHB TR, BERARNANEES, SKOVMENSEE IR E TaRSR
MEX, FERRTFTECHERTRENEE, RURHN=48K HEEH
ARAZFEN, CRATRADRIHEBGES. Bib—EBXRKIHMR 2
¥ BRI = E RN BT H B A T A Sut AL R

B 1981 fELIK, HILT W PHOENICS. CFX. STAR-CD. FIDIP. FLUENT
FL/ WM CFD 8, XEHRMAMFER: (1) DREHRLHE, EHLE, JLP
TUKBRILEATHESHE. BFUR T ENELERENS5HA CAD &
CFD BFRIBLGES, ETHFEE. MMKRETHE. (2) RETUAFH
FHRECHRMER. RAERBEENASIHRRERT, BEES. 3)
AUESHIFEN. ZHRERL LET. TURRL, METFESEROERE, X
ERARMETIRET S RIEBRKBKMEM. RN HE ITERA FLUENT
R 5E Bo

FLUENT & 3% E FLUENT A 7] 1983 4E#E H{ 5 CFD %4, £4¢ PHOENICS &
BIABRBTHMBETHREREMKY, CREBNIRELE. SHER .
B Py 8 I 8 £ 1) CFD %42 —.

FLUENT &4t T 4% RIGRFEKESE, B auEResgmmg, aE=4
. WL, WEE. NHE. &FERENERBREEEMMNENRE, &
ATURRETEHIAESHIMHE . LA GANBIT 40 a7 AL B 844, T L A £ 5 CAD %
BRI =)L MEER. WTUARATF %, R, TURREHSER TR
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Rl RESEEHERIMT. DA ERTERSDOE. BRARIERL.
HRMBREDHT ALZARENRN T ZHAIITE. ERRREEE
T k- ¢ 224, Reynold M /#EAY. LES #%!. FRvEBEMIBRS. WEIEBEIEAIE,

FLUENT 7JLAE XML R &M, WTURASHRRALRRES BN, BT
H )30 5244 20T LUBE 22 (R FIR (1) 324k . FLUENT R 8L09H F B e X FRF IR,
RPaTU A e SGESETE. SBTE. RENRE. 460MiE RN aRET,
B O AR&EME. WIGEM4. REKYEER, TWURNFNEETERS
LA FARE,

BT RERARAKH RER—NMRETFHERZER, BEAscd Robit
RAWBIHEI, AR R AR E.

4.2.2 HBRATIGHEEEYAEMITHE IR

(1) EHITR

TGKRBATHERES B LR AR ACH RIE AR, B, ZERHARR BT
HETE, RBHASIRE. NTRXE, REEENBEL, 0T s
HENB BT

0
O (V=0 4
™ (pi,) (4-4)
o, . ¥ o om om_  —
ax,(p”’”’) ax,+axj[”(ax,+6x,-) pu’u’} (45

Hooh B pu, R B RS, MEMRRLE A, REHRT RS
WEEL, SETHRAE k- e BRITS

ok _ol( m k|,  oufow ou

O Oy |, S (4-6)
e, "o, (" a,,JaxU "o \ox, e, |

] ]

oc 0 n \0e| Ce ou|ou Ou, g’

—=—llp+—|—|+—n,—| —=+=—=|-C,p— 4D
P o o, [" ajaru k ’ax,(ax, x| %
7, =C,0k /& (4-8)
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T P T RIUE:

42 k-cHEEER
c & 16 Oy o,

u

0.09 1.44 1.92 1.0 1.3

(2) MR R

A R A B (3 53 77 R R B Poisson HRETE RN, BBt 2=
F i PO 53 A SR Ak SE B 22 1 R U )R B, BRLUE VAR Poisson BT, B
BE. W5 RRERAR R R U E R R I I MR, XTI R,
F LA, Mg ABIAREBRES: ANNEHRER, mREHZ,
X LR8I Poisson R IETUR LI, M SRR R E HIHIE B b 2 75
BHERERR R, SCR{ISHRH T —Fh MRS R R R e
P I (R A 2% 1 il BRSNS F 2 AR I R
Y ol R R LA SE I TSR SR I Y 28, 38 1 28 [R B 7E Poisson FREHIIRTH . 3
BR[1S| IR THEFIMEE SART AN T E, ERHZAN —REXABRE. B
SR M SR B 1) R B P 43 7 FESR A AT B R B 45 tH A RO U A R BB, B
RMRBAANEHIZEHRYE, TUABMEESURNOTARE—AMESE
UK.

MBI G, MEBHIT MR KRS, 7 GAMBIT H PI#E 84 55 KI5k
HR BEhBHTI . E =4 R BT, KM BTH : Hex(7NTH {4 #.7T). Hex/Wedge
(Mg EE AN, MIALETTUERBA). TeyHybrid (=2 I A4H
B NRIALE T U NTEE . SRS . R RIS EIA Map R A4 H RS )
Submap (RRZHIMAL). Cooper (FELHIMIKE). Terid(iBE)MMHEE. EETEMN
2, SHPRE AR H R R Hex 3G, FE45HIMME AT LUEH Hex BT
EX Hex/Wedge H#.7T, BAMKETLUH TeyWedge .70, X THIHR, HHR
BHEITHBAES BT EREPLEH Cooper ZUMK, Hex/Wedge BT, %/AFEHE
SEXH 2, ERHTEREMEIE 4-8 Fin. BIAERKMNESBELY 58 T
A
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K 4-8 WBHKIE PR EICZEM TS 1, A0 2)
(3) BREH
(D #HABF
MR BE O AR E AN RS RRI, RER, EERARRSE, HHEANE—
B, Ak O A E R AT AR R R

Vvinlet = Q (4'9 )
F,

AH F,,, AMREOER, Q HifiE,

XM T ERAFAERmI SRS R, HER A e LR T EX A
RIS, RS RRAR], Ei5EP, WRIEE) 8RR K K,
HA S AKN:

k=2 0T) (4-10)
3/2
—ci OkO7L- (4-11)
AR KA L 0T DL SR .

(2) HiAusH
t VAL A T JI AR BE R AR, G SRAE ) D b — AN T T30 7 (1
MatExm ERTAZR (RIS BHEHEE, .

% _o (4-12)
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At ¢ ARESSTAEYEE.

(3) [ElABETA T

R, BEARKINATRBILNEMH, EtR v B AR 5 MmN
X AT BRI RIKE EH M), XRHER k-« BREAEEA,
KRR RBORAEE .

(4) BAEHHITE

HXERA RN A, EEKENEH P OES, EHSEEREGKRE
X F SIMPLEC Hi, sh& FEANIRE G BN EBCRA —Prid}g. S8En
KM KA Under-Relaxation .
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(4) YETHERE,
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(6) WELFFM:

(7 HEFBIKBHIHXSH

(8) ¥IHHWFLIS;

(9) FEKME:
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(12) mHBE, BHMBRIGHERE, REER LRTE.
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F4F WXt FRRGLIHFRBHE

HE 4-9. 4-10 M1 4-12 WTLEH, EAHHBRADZHE O%E L7, HE
ERrr R TERREDRTFEENES, EEIBEGEH RS AHFER—3.
XAFHR 2, FEHFBOXE, SEAEROBTENDBER, 1A H ORI,
HEEHRM T ENBER: ST 1, EOBMLEES, EHEEEL R
BEARBRAR. ETUEFH, EHENFEEEOHE NS, Bli%LRE
B RERBIMT, MEHREOLAENEERA K. BHA LS HREX S
W, W2, EROLENBEAK, THOLEDBEEREEKR; MFH
1B EMR, EEOLENBEEX, fEOLEHBERK.

M 4-11 T, FRHRET A FEREEPAEERA TR A, R
RAEH O EERE MK, B 4-14 25 FE D 3R E LA E A
B, dxEATCAE W, M LR AR 3 L AR R N, O
BETARNT AR A b —B, IX U B AR M 22 8 AR %ot 30 3 7 7 Bl 17 A O O R 9%
BRH 1 F]—LRAAHR EBE R ZE /DT 5 2, BRILTE RUE & 0ot m A%
FERE/NTHE 2, FHHE 1 NBBELH® 2 /b, HESTUEN, HiE 1M
RERTHE 2. B 4-15 BRTHNHROMEENTEEM M, S HET
FEM-F2 IUE P AR R R

B 4-16 23 T A RBIERZIRES HER, BZETUENY, EHEHG
BEIRBIBD, FEFUB R OX SRS EKX,

i 4-13 TLUE S, FBRHREEOLFOE D EMETRENES, £
LREMERT, BEBRSA%Y MES, @REHFLBREEE, X§
AT B AR A R AR . FREEE 4-16 hTTUES, HRTRMED
Abea X, Himshi A B X IR EERT, El, EmsNIRsT, sesrn i
LA LA TRBEEN A TORARE. XEEIRGHEBHZMETB 5]
BRI H BRI .

4.2.4 MHRFEFKDBEHGTAN
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SR N O S EETHARS, REEEENSE, RETRMHRE. ’
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Py =Ps +-;—u2 (4-13)
H=2 s (4-14)
P8
[ PooidS | poudS
Ap, = > (4-15)

fs  [s
Sous S,
AH p, ATLHA— KB E, p,, AR OLKEE, p,,. A H OGRS E,
SinsSoe T HIAM R AIEH OB, Az AMEEHEH OEEE T KRR, XEATE
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ATREBHRHER, BIKHHRRBME Z RN AEZRN M, XFER
WU HEAKNRET, HHEARWT:

M =2 [pTxdS- [ptxds) (4-16)
5 S,
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= (41
ny Mo 2

KPS S, HH AR M TAETRNE@.

(2) HRHEMK BB RS R

ARAFARHREE RS TTEUE, BRNTEREERA AR 43 B 4-17
Fim. HEEREYN, ERITA, 1] 1 HHRILMHE 2 M58 0.38m, KA
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BE, XRE A4 AR Fourier 43 B 27E I % A BE R B 95 R ATST -

® —HMKRER TN SR T RESR.

PR RATT LA ABIE: (1D LHLMR, BT K4S T LU S 1R
YowarE: (2) ELEHLME, BIPKKS TSR SMLRERERE. Sk
IR XA AR~ RERAEMBE RS FHLRETENHATHRE
FHEF, LWL Z N TERTTERE RES TSR
T MBERKTEER LU HR KRR, WREERUS FRE. R
A R PR R R R B BR B — BRI S R X IR B & (), T
PRI HE PIRS A AT AR Al SR AR A R IR IR 23 77 2.

HHERAESHLPIR, MEEBRERETUSEE 4 BREXRE, X
THRAERHKTHEER, EHERAT M AENEAR,

FEHALPBIFE RN EER AR BEHLMNEA LR OIRNE; R
SHERBEEA G P QT AR TR AR . FHENEE BRI, £

98



F5F cHd BRAARASD 6 AR

PR TEAT LA MAR BT, XHE R R RO . R EMN A
P BENKAR, B2BERMESRATERERN. EFRHBENTEMN
B — LM N T

(1) REMELFEERE, DURME—LEEN LML, Fln, EHES
AR R, MERGEATABEKRD, XETERERSAREF. REET
MR EERN—EY S, RAKSAE— S HYIHAMKE/NE,

(2) YIUEPIME I %A 25 2 1 PR B TR IR TR I R R I Het, 7678
W R RE SR, BT H RS MRERITEM R BRI, Y156 MR N
ZHRHEZHATREBIE - XREBENSE R, FEE BB B SN T DA b &
Emdd, FEBEL MBI ILER.

(3) TEBATMAE BIEN TN ZE—MNMEERRME R, WEITERERH, B
2 BIE NI 6 R B 2 MRS R B X SR B RABAUVNG AN BENATE AL
R WSHITHHE R

(4) EHATHE &N, DAEFEELER. XTFRERE, XL
RPN, NTREEATERRE, ENEERLEET, FAENSHATR
REERRE.

(5) ERHENBRETRIESFIKE. HPEE LM MERREE
ENMFERHHXIRAITE 58 E, XGRS R KR, X0
WHIEFESF=EARR E .

P BENT R U ARNEERS. Bk, BIBELAMT S8R LR
ER#H BENRBCRFEH AP RRAMT AR R Y. 85, MM
MOEATBOE USR] “AUk” PIRSIESR . XA ABENE FEN T ER SRR
SRR BENRY, FFETUERE R CHFAENBREAE TRLRELHAE
DAL &

£ FLUENT 5 B ML R BiE N 71%: “Conformal” Al “Hanging node” H
M. BRINKTTEA “Hanging node” 75, 7E=F A0 Y i 4 M 4% i 4% 57 B
“Conformal” Jik. X KZL ¥ &, “Hanging node” K& W i]42 4t M % B &N
R KR & . “Conformal” HEN FERERE=AXMNEAMES, i
“Hanging node” Hi& N /7R EFT A X R AP FEAR . “Hanging node” 1 i&
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EHARFHERE R 2 FEMEKRGHABRSZAN XKt B FTREAR
AL “Conformal” HIEMN H¥ATE AR L3RG, 7E “Conformal” B &N i
B, FEMARRETIIRS ML P RTILEL S8R K AR mib.
BARR, FIHILARMEER KBALMEREE, FHREFEETHEEH
WHF R RIPIRE . ZE=4 M+, “Hanging node” HIENH —MEBRFFMEEK
R0 B R AR X A7 A 28 1R 32 o “Conformal ” E13E MR T 4389 hn o0 4k 25 B T 484
MBI R BERRTTE R Z IR £ RNFEZER .

P4 BEN AT UREARNZREY A: AR EEN. BEEENS. mEE
UREERFEZHRBT, ROTLCRAAR BERNRER. L5 8EMNE A TR
FEHESE A R K EMHEVF I SR BT . B A A B4R P 3t BRI e X 3,
HMERERRRAFERERRIEERE, ST UERE - RE LR
BHATPIRR AL, BEBENRBATRETEF SRR ERCARTHAR
I .

#£ FLUENT # 7] BAZ 35 )\ “Hanging node” 2] “Conformal” (¥ 5 3& M K&,
HREBREBEHRTXE, fE# A ENKRT R EBEME B AR BT B
BEMRE . HEERESERETHEBRRERNREE, BEIALEENLEEN
.

3. AREM

(D #HOAF

BN R EREES A& T OLABREREIN, BEREH
morE, BFHEER B, AM3HE0 LS T AR T R

O
Vit = 5—18)
inlet F (

R Fpp AHHHEOER, Qua HHE.

SHTFRMTS, RN HOAREER, BRSO ERTHR,
XEBE-HRRAEE XY —BEK, BoAANEEH, KEBSEY 4%, KHTH
X 2mm, #EH1.65x10°kg/m’

B DA AR RBI BRI S BEFEU T A R 51K :

k, =%IVW2 o (5—19)
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3/2
km

kL
AHI=05-15%, k=041 C,=0.09, FIEKE L LSRN ERTE.
() HRAUH
HOBREZERE G bR, RN, KEENEERDHEL, W
REH QLR EE TR T ANE, BAExm EMHERE (EOBR,
BEHEE, B

34
£=C,

(56—20)

% _o (5—21)
on

Rt g HRIE DI FTE YRR,
(3) EARREEIAR
STHAH, BRI DT UR AN, e b BT 5 e e
SR SR AT L0 0. EERBETEMHE, Sa) AR S AR RO A
0 KALH, HEAAHE, | |
ERTFEGH, 58 TATHRAEE AR E TR LR AN, EHl
AREEH R, [ RAR AR T AL 0 5 B T AT 008 FE 2L 5 4 1 T DI FE AR B B
TE R R T AL MR R T B K R B RS S R B R AE 1 3, HAR T

¢\/§R9Tsl/2(U57)W =u (aUST) (5—22)
60t5unl = (05 / Osa) ’] T O

RF ok 0~1 ZHWER AL, HEEHEEREES VTR, T2t
B 0; THR T RRSREMFATH [ pg A E A RIZ) SR R AL

A PP B T A 5 B T 3 L XS B R 44 AT LA Bt Tu 0 Fletcher % B2 FfiE
H 412 3l LR BT U 5 « '

(Tsrdw = JsMgNg =

(A—&xu&»+4hK12§ne=o (5—23)

e

XE, 4=01-€/24 =[%’l)'”, h ASEEERRKE - R AR

+é€)
LEREmMEES, e%@%'—ﬁ%@ﬁﬁﬁﬂ{]@iﬁ%ﬁ. K, 7 Knudsen 3, H&EXH:
K,=7,U,~Us|, =,[Us), (5—24)

R A f ¢ FSE 7 B TR AL 40320 7 4t 7T LA el 7E BR T A vk ) B A AR IR B L B8
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i
. o . 0
20U)y (), 120U 4 (), 12220, <o (5=25)
on on on
i1 (5.23) Fl (5.25) A[f4.
_ 9P\ _ (5—26)
4 &)(ps)WMhKn(an ), =0

lt] A AT FFD it 20) RE AT i 3 e FERBCEE vl LURNGALAAAR - FF,  AERR( AL

4. BEWFHETTE

B SRR R A ], SRR R bz, K
MRS A Sk R SIMPLEC 5732, 2 E 77 FEFN S0 BEJ7 R & R A - i XU
K. EHE TRk E A Under-Relaxation i%.

SIMPLE Z 55k & vt AN o] i ah iy o B 0%, 1X 3R A SIMPLEC 5
P HEARAR: HeXTAEME SRR, JFRES &
BRI L A8 TR B IE R, AW S RE, SR JA ] it o O S
TR H S REBOEN R, UG ks, itk E H R
SIMPLEC 4j SIMPLE (¥[X S {1 T il & 2% R T AH AR W4 nid BEAB 1E AN B2, sl
FrPERAL

5.3 AT ESERMDHR

EH B A E THR 1 TE Qmi=150m’/h,  n=1450r/min W N EBF BT 0o
WEERmME 5—1~5—13 XK.
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56+ 5-9 A ERT FEP LREBREME. BEERIES S, REE,
WA ER BRI BARUA KR, RRFEH R HOLREHHTHE KK
Ak, BT, HRAEHRERT REHRD. B 5-12 BT HREE
BRI RGN, HiZETUEN, EHREOREL, RIERK,
WHBAWI, REAEEYREXEET AR, FHTAEERKET.

5.4 EXEB/NGE
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MREGEX K. BEH#HOMABHHAH O, BEEEmAR, SFREM, 8
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6.1 AIRGRES

(1 FHE AL, REBWFRAEBRFRSRIEBR MRS, TR
RE SRR FEHRI O RRE. BFREDESHIEEEARR, MET
CLPE) D), BERR, BRI ER K.

A SCTE R A AR bk E AR AR RS S R R, FEM TR &R
B AV P TES, RARE B BES T REs PR, Al TERARN
86, BHTHNTRERGYE, REHAMNBG 20; EHERM L, BT TH%E
B LA B R B — R AR 572, R T AR AMAFREGEM: Sl TR
AR A RER AR ORI RN SRR, ETERTE%E, M7
KBRS ERLE, HREWERGET T8, SRARMEE DR K
PIAREY, BEEILRLEEIN, BT ARG TR, AR E YR B AR
it HIR G T B EAL AT EAR R,

BT AR R R E SRR RRR TR, HRERXTUELEHN:

BPEHE:  C+C,=1

EA#EHE: P-B=0a

AL T %(CIA)+V-(c,p,Z)=o

[ A R a%(Czpz)+V-(C2p2;4:)=0
HAKHIZ R I,

= (Copin) +V-(C, pinin) = ~VCRY+V (G T + T+ G aF + I,
BB R

3 _ — , _
a(czpzu?.) +V-(C,pu,u,) =-V(C,B)+V [C,(T, +T,)]+C, p, F, + M,
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M,=-BVC,+M{, M,=-B,VC,+M!

M = K+ K[+, Vi) -2y Vi) +
1y, — — o o = — o —
> Kol =iy [Vt + (Vi) 1+ K G i) Vo, i)
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