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MO IgiNH TOAN POC LAP CUA DONG PHUN ROI quY HAI PHA KH’C)NG
PANG NHIET TRONG CAC QUA TRINH TRAO POI NHIET VA CHAT

Nguy&n Thanh Nam
Khoa C6 Khi, trudng Pai hoc Bich Khoa - PHQG-HCM
(Bai nhédn ngay 14 thdang 11 ndm 2002)

TOM TAT: Bdo cdo gidi thiéu mot mé hinh todn hoan chinh cho dong phun réi xody
hai pha khong déng nhi¢t véi so d6 hai pha dgc 1dp dia trén co sd cdc phutong trinh chuyén
dong, lién tuc va mé hinh réi bén thanh phdn (kg -ky-& -&). Pai htong ddc trung cho sy réi
trong qud trinh trao ddi nhigt va chdt (kg krp va k) duge biéu dién blng cdc phuong trinh
trao déi nhiét va chdt roi.

1. PAT VAN PE: .

Dong phun r8i xody hai pha khéng d&ng nhiét dugce ¥ng dung rong rdi trong ky thuét,
dic biét 1a trong ky thudt d6t nhién liéu trong d6 céc tic dung tich cuc cla sy xody dudc si
dung dé tang cudng qué trinh chdy va diéu khién céc théng s6 co bin cla ngon Ita dé ddm
bdo qud trinh chdy sach.

Dong phun 161 xody hai pha khéng d&ng nhiét trong khong gian 1a dong phun phic
tap dudc dac trung bdi ba thanh phan véan t6¢c (mdi pha) theo ba truc toa do: doc truc U, theo
phuong ngang V va theo phuong ti€p tuyén W, déng thai ciing 8n tai gradient cda 4p sult
theo phuong ngang va phudng doc truc. Do tinh chéit d61 xitng cia dong phun, thuin ti€n hon
12 st dung hé toa d6 tru (X, r, 6). M6 hinh todn ctia dong phun 161 x04y hai pha khéng déng
nhiét dugc xdy dung trong hé toa dd try véi X la truc clia dong phun, r 14 bén kinh theo
phudng ngang va 0 1a géc xoay quanh truc X. .

» MO HINH TOAN CUA DONG PHUN ROI XOAY HATI PHA KHONG DANG NHIET:
a) Hé phuong trinh ¢ ban ciia dong phun r8i xody hai pha khéng dédng nhiét:

Hé phuong trinh co ban biéu di€n dong phun r6i xody hai pha khéng ding nhiét 1a hé
phuong trinh vi phén dugc phat trién tit cac phwong trinh Reynold viét cho tirng pha ddc lap
vdi cac thanh phin twdng téc gita cdc pha . Cdc phudng trinh vi phén nay da dudc trinh bay
trong c4c nghién citu truge day [2, 3], [4], bao gdm céc phudng trinh sau:

- Céc phudng trinh lién tuc cla hai pha: :

aix(ugr)+§(vgr): 0 1)
%(Upr)Jr%(Vpr): 0 @)

- Phuong trinh ndng d6 (trao ddi chat):
a(UprC)+ ov,ic)_a [r Vy [Qgﬂ
oX or or| Sclor
- Céc phuong trinh dong lugng clia hai pha:
6([];1‘ +p) . B(VgrUg) )

ou, Fr
=< v | =5 || @
X a ol “La )l p,
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6(U§Cr)+ ov,u,cr)_a [Cw au, )]+ El [rU Ve (EJ}“ F,r
tp 5 P

oX or or

Sc\ or Py
olu Vv olV’r + oV, \-
L, glr)+ (vir p)=£ Pl == [+ W 250
oX a o Y
o\U VC a\V?>C oV
) Aol (.o
oX or or or or Sc \ or B
o(U,W,1) av,wr) o [W [awg H_er
X o ol La )| p,
o\U W Cr) olVWC oW
( p_E r)+ ( — r):—a—{rcvm( FHJFE[TWPE[—QEJLFWT
oX o or o )] ol "selar)] p,
- C4c phuong trinh trao d6i nhiét nang cda hai pha:
RN A
aX o orl Pr\ or P,C,
a(UPTpCr)+ a(vp'rp(:r): B {rC Vo (ﬂ H+ 3 {er Ve [_QQJ}L Qr
ox a0 ol Prla )| al "sclar)| pge,

- Céc phudng trinh trao d6i dong ning r6i cia hai pha:

a(ngsr) + B(nggr) zglirvi(é!{iﬂ+rv (aUg )2 —Tg, — 1€,
g af g 2

oxX - or or| o \ or
oU k) alVk,Cr) o AN AN
oX a  a| oo el Pl a

ou, Y’
+W1PC( Brp] —1€, +1¢,

- Céc phudng trinh vén (8¢ 16i clla hai pha:

®)
(6)
M
(8) .

©

(10)

11)

(12)

(13)

aUer) alver Be au, \ ;
R
s K

X a o o \or k \ or ]
' a(U"EPCI)+a(V"E"CI)=g rcvi(%] +2[f8p VJ(QC—)]Jr
X o x| o \oar)| al "sclar

e, (9U,Y e
FIREIC, —| —= | ~C =1
k \ or k

P P
- Phuong trinh trang théi:
P=p.T,
Trong d6 :
X=X/t;r=r/1; U, =U,/U; V.=V, /V; W, =W. /W, i=gp;

(15)

(16)

Trang 90



TAP CHi PHAT TRIEN KHCH, TAP 6, 8d 3&4/2003

k, =k, /U3; ¢ =¢,/Ug; p=p/U% T, =TR/U}; ¢ = dity FUS:

g =¢' 12 /Uy; F=Fr, /UG j=u,v,w; 0=0r, 4,
X, 1, Io — toa d6 theo phudng X, bén kinh tai diém dang xét va ban kinh tai thi€t dién ban
d4u ciia dong phun. '
U, Vi, Wi, Ug, Vo, Wo— Céc thanh phan vén t6c tai diém dang xét va tai thi€t dién ban
dau.
C, p, Ti — Néng d6, 4p sudt va nhiét d6 cla cdc pha.
k; ,'e; — dong ning 161 va van t6c 161 clia céc pha.
F;, Q tuong tdc lyc va nhiét giita c4c pha.
vii— d6 nhdt déng hoc 61 clia cdc pha.
Pr, Sc, Nu — Hé s6 Prandtl, Smidth va Nuxel.

6Nu.A
Q=—-~(1,-T,)

2
p

Fj - Kpp(jg “jp):z

g = Qﬁﬁ(k;fz __k:fz)z kyz

¢ = 2\5[33;’2(81;2 _EszXkLn _klpf'z)

_ 60p, v,
PD;
K = (1 + 0,179 Re" +0,013Re)
P, =P,C

pg,pz, B = kh&i lugng riéng cda cdc pha va dudng kinh tudng dudng cla céc hat pha

th hai. |
g, p - ki hiéu cda pha thit nhét (khi) va pha thit hai (rdn ho#c 16ng)

Nhu vay dé hoan chinh m6 hinh i ciing nhu 12 m6 hinh toén cia dong phun 181 X04y
hai pha kh6ng ding nhiét ta cdn c6 nhitng phuong trinh biéu di&n cdc qu trinh trao d8i nhiét
va chit ciia cdc thanh phdn 16i. Dudi day tdc gid xin trinh bay céc phuong trinh nhi€t ndng
161 clia céc pha va phudng trinh ndng dd 161 (krg, krp va ko) .

b) Phudng trinh trao ddi nhiét ning réi krg va ky, cia hai pha.
Céc phuong trinh trao d8i nhiét nang réi ciia hai pha dudc xay dyng tir cdc phudng trinh lién
tuc va phudng trinh trao d8i nhiét clia c4c pha, dudi dang t8ng quat chung c6 dang [ 2]:

av. )
L= =0 (a7
i GXU'

ov. )
Y |—L|=0 (18)
i BXU '
aT . oT .

- +ngj L= Q (Tg,i _Tpi) (19)
ot j X, PC,
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-4 ——(T, - T,)) (20)
ot i ax p A
Céc dai lugng trong cdc phuong trinh trén c6 thé biéu di&n bing téng clia gi4 tri trung binh
thdi gian va thanh phin mach d6ng (161), do d6 trung binh hod céc phudng trinh (17) + (20)
va 14y hiéu tuong @ng vdi cac phudng trinh d6 ta nhan dude phudng trinh cia cdc thanh phin

61:
(o) -
oV.
=2 (=0 @1)
i \BXU
/ L
oV _
B | (22)
Z 5]
i\ %X )
; L oT. — 3T, a8lT.v ,
g +Z ng gl +vg] Bl 4 (H E.I) :_\IIATI (23)
X X, X,
oT. i or. — 8T, 3lT.vV.C .
23| V,C L4+ V,,c—2 g (1,v.C) = yAT, 4)
ot a4 oX, X, oX,

Ky hiéu (') d€ chi thanh phén 16i cla céc dai lwgng; = Q/ P,C,
Nhén phudng trinh (23) véi Tl;k ta co:

T, = e, a(TV)
' VT, —2 4+ VT, —5+T, ~8 87|, SATT, (25)
“a T TTex,  Tax; % ax 24T T,
d6i vi tri cda i, k , c6ng phwong trinh nhan duge vdi phuong trinh (25): _
8T, T, o OT LT, | — &(T,T,) BlT.T, V.
(glgk)_l_z_ T +ng (gl gk)_l_(g]gkgp):
ot ij oX. ax oX. oX.

J J ]

z—\yZ(AT;T;# +AT,T,)
choi=k va dat k = Z(T ) bi€n d6i phuong trinh trén ta nhan du’o’c

ok,)

N = [v > )) zm[

ij i

J 2\112 ATT, (26)

St dung cdc c6ng thitc tucng tr cia Kolmogorov [2], cdc bi€u thic bén v& phéi c6 thé viét:
ak \
- V = | 27

e W [ O - k;

~V. T, =—%[_—8 [, g =2 AT T, ; v, =C, i &
88 Py (BXJ) R _ WZ ¢ Y,

Thay céc biéu thitc cia (27) vao phudng trinh (26) ta sé nhén dudc phudng trinh trao déi

nhiét ning r6i dang t6ng quét v3i pha thd nhat:
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2
ok, v, [ OT,
Tg g gi *
+ +2) — =& 28
R I
Hay trong toa d6 tru vdi déng 8n dinh ta cé:
2
ok ok v, [ ok v oL,
U Te LV i;lg Bl 3 Qe 35§ FHNA. N i 3 —E:; (29)
EoX P o  rorfogl| X Pr| 0X,
Bi€n d8i tuong ty vdi pha thi hai ta cling cé phudng trinh trao d8i nhiét ning 161

ke =Z(T;,-)2 .

i ' 2
O, e Oy o D [Vip[OKs v, oT,
£3 Vi R 2 +2 A X i Y R 30

J

Va d6i véi dong 6n dinh trong he toa dd tru ta cﬁng cé:

ok, ok ok (oY -
2 +V,C—2 R 5 M O L e R 31)
ax o ror|ogl| or Pr \ o )

¢) Phuong trinh ndng d6 rdi ciia dr‘)ng phun:
Phuodng trinh ndng d6 161 clia dong phun ciing ¢6 thé nhin dugc t¥ phudng trinh lién tyc va
phuong trinh ndng do théng qua céc bién déi twrong ty nhu ddi véi phudng trinh nhiét nang
r8i. Phuong trinh trao ddi thanh phén r6i ciia néng dd c6 dang:
&4_2(\/;1 aCi +ij aCn o 6(C‘VPJ)J

a &l ax, T Tax, X

]

(32)

Nhan phudng trinh (32) v6i C, va ti€n hanh cdc bi€n d6i tuong ty nhu v6i kry ta cling c6:

a\C;C, = alC,C, 2 = e oC, A
_%_)+2ij (aX ): _Z = (VPJZ]CiCk n Z[V C, —+ . 0C, )
! L e B ‘ _ (33)

j - kox, " aX,

)

Cho i=k va dit:

; ok
k=30 ~V.Y ¢ =% T
‘ 2 l "’Z o, (6)(1)
—— Y. | 9 k?
-V.C, == —=|; =C —+ 3
P SC{@X} vl}‘ i Sp ( 4)

Thay céc gié tri ciia (34) vao phudng trinh (33) ta nhan dugc phuong trinh ndng dd r6i clia
dong phun dang téng quat:

: 2
ok — ok o | v, | ok v, | oC
e NI = ] ¥ L p I ki 35
a Zj " ax, Z,-axj(cc[axjﬂ ; SC[BXJJ G

P6i véi trudng hdp dong Sn dinh trong hé toa try phudng trinh trén ¢d dang:

ok, ok, _10| vy (ak)+2vi[§)2 -
" oX o ror or Sc\ or (

KET LUAN
Nhu vay vdi hé cdc phuong trinh cd ban cia dong phun 101 xody hai pha khéng ding
nhiét (1) + (11), (15) cing céc phuong trinh biéu di€n cdc thanh phin r6i cla céc théng s6 cd
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ban trong qué trinh trao d8i nhiét va chat (12) + (14), (29), (31) va (36), md hinh todn cia
.ddong phun 161 x0dy hai pha khéng ddng nhiét da dugc hoan chinh va khép kin hoan toan.
Cong viéc ti€p theo s& 12 m6 phdng s6 dong phun dya trén mé hinh todn thanh 14p va khi d6
ta s& ¢6 hoan chinh bifc tranh ciia dong phun 181 xo4y hai pha khéng ding nhiét.

C6ng trinh nhén dudc su hd trd quy bau tit dé tai hdp tdc qudc t€ thude chuwong trinh
nghién cifu cd ban, B6 Khoa hoc Céng nghé. T4c gid xin chdn thanh cdm on.

MATHEMATICCAL MODEL OF THE TWO-PHASE NON-ISOTHERMAL
SWIRLING TURBULENT FLOWS IN THERMAL AND MASS
TRANSMISSION PROCESSES

Nguyen Thanh Nam
Faculty of Mechanical Engineering - University of Technology — VNU-HCM

ABSTRACT: The paper introduced a complete mathematical model for two phase
non-isothermal swirling turbulent flows with two fluid scheme, basic on the system of
equation of motions and kg-k,-€,-€, turbulent model. The turbulent thermal and thermal and

mass transmission processes are represented by equations of the turbulent parameters krg,krp
and k..
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