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Establishment of charged particles pseudo-fluid multi-phase
turbulent governing equations
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(School of Energy and Power Engineering, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract: Along with the development of the electrostatic atomization, the research of the charged multi-
phase turbulent flow is expanding. It is difficult to find a model strategy to simulate it, as the charged
multiphase turbulent flow is rather complex. Based on the theoretical principle of making multiphase tur-
bulence model, the “double fluid” medel and the concept of the “body average” are applied, which con-
sider not only the interaction between phases but also the inter-particle-phase dispersion and sliding ac-
tion. The mathematics model of the charged multiphase turbulent flow was set up. Regarding charged
particle phase as a fluid phase, we applied the method of establishing normal pseudo-fluid multi-phase
governing equations to deduce charged particle pseudo-fluid multi-phase governing equations, which
provide the basis for modeling charged particle pseudo-fluid multi-phase turbulent flow.

Key words ;: multi-phase turbulence flow; charged; pseudo-fluid; electrostatic atomization; body average

BHMER AR DB BOKEA 40 FHPIR SRR, BV BRI LR P E 2490
XM ERBER SIS CEY TR R R B MRERNSFTAEANED ", S SN RK
SFOBWMAAEY K, HESHRINFREE KNERREREMZ E FIATHSHEM, 820 4
ABFEAY . S FEMRAERIIESHBTIR, AR 4290 FERLOK, HEE T — Sl i B SI IH
BREAERUBSERE S L SRAMOTTHALES SR, FERESLN TEBRF A, b
B Lauder, Spalding S AMULHAMK R, B EFRAORBIEA, L% BERZsMnsm/ER,
YA B A : 2006 - 08 - 16
E2TA: ERRBESAERR VT A [ RKFH(2003)2140]

HEEMIT: BRE(1938 - ) B, BIRARA, B2, WL SIF, EBABA 0 FARVLEIS R AR BISE
TEHQ195-), B, WREEA, BB, WL, TRENEFE SHEMEL SRA GRS A B B,




®3M

FHREE: FERBR AR R 51

BT BN 2 (A1 F i G A L BORL B R
GG ETER . EERAXR LR, B BURAH
PAE AT, BT I B T 3h 25 18 P aa Bh I SR R
FESCHR (7 145 s 0 BA AR A A DU BAR e - & TRIRAR
BT AERYFERE b , #4958 4 SR 16 b 0L 400 00 4 A9 24
TR HRE,

1 #rEFR4A

TER R BIAT IR A 9 P B — A TR T B
A ey dlik, 767 e BURLAR T R IR A, , A
FLBDRL AR S A B SC R R dA, , 16 U BORLAH B R BR
FEH '

dn
oo (1)
B HRSFIE TR
EOHR
3%
T A =0 (2)
CLEES Vit

a NN a ~N N -
5t Pote) ax}_(p V) =

§ﬁ+,.,%1?p,a) +0, & +E5p (3)
SHESEHE
_(p 2 +_(551~) = l*‘—(‘r ) +pg:

(4)

R (3) Y E HFAEBOTAR A2 Pk R E

HIITIREE ,q, JoMOTCHE T R A BT LA B,
P 7 o AL T L B R L A A B

2 HREERNETEYSIESEA

FIA“PRTH” M, BE MRS, MM
EW%QE{E%E%J% d0 &Wi@ﬁ

Fo = (f) = fkdﬁ

P~ BRI RS O R A2 Y
B F, N kR R

BT E S A E, RIE Leibniz 3%
W, AR f, KR S, SR SE SR SE
BISEAEMTRRDS:

nyq> _a<fk, d_(lff'a , (7)
R0, ﬁ*ﬁﬁﬂﬁﬂﬁﬁ}i;"wnh R kMR FE
ik BaaRE,

mR(S) ~ R(7) HREXNR(Q2) ~ R14) &
TRBUASF- 3, LA B FF , 7T LAFS 2 767 iy PO AR IR A A7
HSHERBRA:

WA
9 a
§+@ww=s (8)
AR S |
Tt o) =S (9)
WA TR

;%(p + 2.p,) +£(mj + > po,) =0(10)
ViR

9 9 -_9% , 97
at(P”i) +8xj(pvjvi) = s, + o, +Apg +

> gl(vpi_vi) + 0,8 + Fy (11)
ﬁ%ﬁﬁ*ﬂibﬁﬁﬁ
%(ppvpi) (p},vv ) ——?}L’.’-.;.ﬁ_',

:—)p—(v,- —uy) +0S, +Foow - B (12)

IEAL gp TEAREE I R VLR , 5 0 B KRR B
HMEAK 5 o

BAYHBRITE
%(pvi + prvpi) + aix]-(pvjvi + zp:ppvpjvpi) =
_olp+ > py) . alr, +7,5) .
0x; ox;
pg; + > pgi - 2 Egq, (13)
RB)FS=->5, =- > nm, RHHfEH
H A ) R TR
Py = Ny My, Sp = n,m,
_ ﬂd?, - . dm,
m, = 6 p m, = a




52 H

S 4

EPAR

A n, JfF BB RO BE 5 m,, o7 et OB Y i
',
F\: 3 Magnus J1,0,S A5 EH S BTEI

3 HHEENHRSARMSSEA

SR FH XoF B UG I Bt O B 4 34T Reynolds R FF
Y A M TR B MK, I
p=p+p v, =v +0v, v =0 +0;

n, = ;p +n',, 0, = ;p,- +0' 0, = ;pj +v
m, = r;p +m',
Yefire BohE s B T (9) , X (12) KA
p, = n,m, BIF I RTEREL m,, BRI TR
BURLARBR I <F1E R4
on

9
9 , O -
y + i(npv~) =0 (14)

d 3 n,(v; - vy)
o (Petw) + a—%("p”pi”ps) = ng: + “L““T:*L‘ +
(v, —v,)n,m, . Fw

m - Eng,  (15)

R (15) PR T AR BB AE S R, H B
~ d? - 4 - ED

:ﬁEiqP =En, Irgnppqp; 11-_62/’ =m,, @lﬁhf"- =

3
E iy

BT T
41, EHEATI T I o HET B O TS AT LA

S A7 R, 25 AR T B 2 T R
WikrRESE
B ralm) = o) 5= Yo
(16)
fir e URLAH S 7 12
P, 9 _ B TN L T
?tz a_xp(ppvpi) =S, - Oxj(p ¥ pi) tn,m,
17)
on, 9 _ 8T
5t + aJ‘:j(npvpj) = axj(n .Pv o) (18)
WA B TR
%(P".‘) + aixj(pvivj) == ngJ + ?9_:;:] + Apg; +

| (v, - o) —
> -pi—:—- +0,S + Fy, —%(pv’jv'i +o,p'v'; +
J

4

_— — m,, —— —
'’ 1! P ’ 1 - ! ! -
vp'v' +p"v ") + E _ (n' ' = n' ')
wn

Vi Z "’p":‘p' - Z Ty v,i"‘dp - Z ”“p ’7;’: -
Z u'in'pn'z'p (19)
5 BB A S B 7 12

a d n,(v; -v,)
E(npvp,-) + a_x;(n"v""v"‘) = n,g, + _p__Tm_w +
(v" - vpi)nprhp + Fp,Mi

(i) WA
-Engq, —a(n v’ v+
J

pY W P
m, m,
’ ! ! ’
B ey Py O B LA Ll Bl St
2 2 [ 2 ) P’ B P T

44

! My [ M r ’ r [
(v, ' m', +n,v';m' +m n' o +n ' m' -

o ’ ! ? ! M
von'm —nonom -2l e TR el
PP p pPUH P m
k

nEy - o (n ) (20)

R(16) ~ R(20) MR T WAAHFARRE
AT 0 e — R B BT

4 & R

DASUI i 25 A8 T AR X 2§ D ZE Tl , 5 0B AR
WA LA B BPRARAR, T o 5% 76 v BORL B 4
P, R ARG I D7 HE R T R 7 el JBUBE 254
MR RA XA T BA LR T Rbksh 5
HGREIER, K fn' £ q, TR T s Rk ghxt
SSURLAR FROAE P o 20 Y A 8 7 o 77 R UL 40 9L A
T W A R SO

% 3% 3Tk ( References)

[1] FEE& SAmFREOEMPE(D]. S I3k
K2E,2002.

(2] EEY.Y B EF% % FUmERTHan
BRI A (T]. HEMEAUR, 2006,24(1):50
-52.

(3] ®WEVZFHEE A% HESERERSIEA
WERGHRBBIFI]. HEPL, 2006,24(3):
31 -34.

[4] EE&.BKF EISBE FRRMEE - OFBRRR
BRI T]. HRAEHIMR,2003,21(5) 43 ~46.

(5] SHEIE. FramaRiERERREIaERPH
BLFRBHF[ D). ST TLIR B T K%¥,1999.

(6] RA¥4E HERKENHRSIERRMAID]. S0
FEITKR¥,1997.

(7] XUk, M@k B K HaBmie Ry AR
F[I]. HEMEDLHR,2004,22(6) :41 -44.

(FEHE REH)




