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MO HINH BON THANH PHAN ROI kg- k- By Sp CcUA DC)VG PHUN ROI HAI
PHA TRONG NGHIEN CUU CAC QUA TRINH TRAO poI NHIET VA CHAT

Nguyé&n Thanh Nam
Khoa Cd Khi, trudng Dai hoc Bich Khoa - PHQG-HCM
(Bai nhdn ngay 14 thdng 11 ndm 2002)

TOM TAT: Khi nghién citu s6’ dong phun réi hai pha dua trén so dé hai pha déc lap,
vdn dé mé hinh héa doi héi phdi c6 mé hinh réi phi hop cho cd hai pha. Trong céng trinh nay
tdc gid xdy dung moé hinh sita doi (k - €) ciia dong hai pha, bao gém hai cdp phvong trinh doi
vdi dong ndng réi (kg - kp) va van t6¢ réi (& - &). M6 hinh dugc sit dung dé nghién citu dong
chdy réi hai pha khong ddng nhiét trong cdc thiét b trao ddi nhiét va chdt.

PAT VAN PE:

Dong chiy 161 hai pha du’dc st dung rat nhiéu trong tv nhién va trong ky thuat do dé
viéc nghién citu ly thuyé&t va thuc nghiém vé dong chay rdi hai pha dugc quan tAm dac biét.
Tuy nhién nghién ctu thyc nghiém 1a rét khé khin va doi héi nhi€u vén déu ur do d6 céc
nghién cifu thudng két hgp vdi viéc mé phdng s& c4dc ddong chdy hai pha dva trén cdc m6
hinh tinh todn cia ching.

Nhu chiing ta di bi€t, khi x4y dung m6 h1nh todn cho dong nhiéu pha, ta thudng st
dung hai phudng phdp nghién cifu. Phudng phép thi nhil coi dong chdy nhu dong mot pha
twong @ng vdi trudng van tdc¢, nhiét d6 va ndng d6 cia cdc pha 1a nhu nhau, tic dong qua lai
giita cdc pha dugc thé hién théng qua mét do twong d6i cla céc pha, theo d6 pha thi hai
déng vai trd thi yéu trong su phat trién ciia dong phun. Phuong phap thi hai coi cdc pha la
doc 1ap vdi cdc tradng vén tdc, nhiét d6 va néng d6 riéng. Phuong phdp nay dugc khdi
xuéng bdi Nigmatulin dya trén gid thi€t clia Landau vao nhitng nam 40. viéc nghién ctu

‘dong hai pha 161 theo hudng nay dua mé hinh todn d&€n gén bifc tranh thyc cia dong chdy.
MO HINH ROI CUA DONG HAI PHA:

Céc phudng trinh lién tuc va chuyén déng cia dong phun 161 hai pha v4i m6 hinh

céc pha déc 14p dugc trién khai bdi Schraiber [1]:
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Theo 1y thuyét cia dong chiy r6i, cac dai lugng trong céc phudng trinh trén cé thé
bi€u din bling téng clia cic gid tri trung binh thJi gian va thanh phin mach déng (thanh
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phén 161). Do d6 trung binh héa cdc dai lugng clia cdc phuong trinh (1) +(4) va 14y hiéu
twrong Wng vdéi cdc phuong trinh d6 ta nhan dudc hé céc phuong trinh cia cdc thanh phan réi:
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Trong cdc phuong trinh trén cdc ky hiéu: g, p _ thanh phan cia cdc pha chinh
" (thudng 13 khi) va pha thit hai (thudng 12 céc hat chat 16ng hodc rdn); i, j =1, 2, 3 (theo truc
toa d9); Vi, Vg, Vi, Vpj_ cdc thanh phén vén t6c; pg, pp, _ kh6i Iugng riéng cla cdc pha; p
_ ky hiéu 4p sudlt; T4, Ty _ cdc thanh phén @ng suit 161 clia hai pha; F; _ Iuc twdng téc cia
céc pha; ky hiéu (*) d€ chi thanh phin 16i cda c4c dai lugng.

Vi syt trg giip clia hé phudng trinh céc thanh phén 18i (5) +(8) ching ta c6 thé x4y
dyng dugc cdc phuong trinh ddng ning 161 (kg - k;) va cdc phudng trinh vén 8¢ 16i (g - €p).
Do viéc xdy dung cdc phudng trinh k; -g, clia pha chinh tudng tu nhw mé hinh (k - ¢) ciia
ddng chay 161 da thuc hién bdi nhiéu tdc gia [1,3] . O day tdc gid xin trinh bay viéc xiy
dung céc phlrdng trinh ddng ning r6i va van t6c 161 clia pha thi hai (k,- &,).

PHUONG TRINH PONG NANG ROI CUA PHA THU HAI:
Nhén phwong trinh (8) v6i thanh phén r8i clia van t6c V' pk ta cé:
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D3i vi tri cdc chi s6 i va k trong phudng trinh (9), sau khi cOng hai v€ vdi phu‘dng
trinh (9) ta nhan dudgc phudng trinh:
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K&t hgp véi phuong trinh (6) va biéu thic x4c dinh @ng suit 161
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. Biéu thitc ddu vé& phai clia phuong tinh (10) ¢d thé bién déi:

-

; OV pi OV y
(T pij :”‘{HEX_P*”E(&
; :

&
; ;] ; ;
‘ ij ’ i [ ' ' l i a ¢ V i
Z Vpkarpj '|‘I/‘pia‘z,—p‘til :Z i‘(Vkapij+fofpkj)_rpijﬂ_fpkja =
; ax, ax, | 7 ax, ax,
— Z i‘uw V'Pk aV pi + aV §Ji -|-pr,- 8V ok Fd BV b3
are ax, ox, ox, ox,

aV,pk aV'pi aV'pj aV‘pi aV'pk aV'H
. + - u, +
ax, | ox, ox ax, | ax, ox,

J

aV Pk 4 aV pi (11)

Z—"“ O a)|-2m,3

i aX;| oX; i eX;, oX;
Thay (11) vao (10) va bi€n ddi ta nhan dugc phuong trinh sau:
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Cho gi4 tri ciia i va k béng nhau (i=k) va dit k, = 0.5y Vo _ dong nang r6i clia pha thi

hai, phuong trinh (12) ¢ dang sau:
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Sit dung c¢Ong thic cia Kolmogorov [2] déi véi céc thanh phén phén tén (biéu thitc
ddu v€ phai); tao r6i (bi€u thic thit hai v& phai); van t6c r6i (bi€u thifc thit ba v€ phai) va
twdng téc r8i (bi€u thie thit tr v€ phai) ta cé:
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Thay céc biéu thitc trong (14) vao phudng trinh (13) ta nhan dudc phuong trinh déng
ning r6i clia pha thit hai & dang t6ng quat:

ok — ok v, ok Vil 0V, 8V, b
—L2 4>V, L =Z——E-j—- ke +ulpzzav"(av*’ 42V +g,+¢ (15)
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Hay trong hé toa dé tru phuong trinh d6ng ning r6i cia pha thit hai ¢ dang sau:
B 2
ok ok ok BBk ou P
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ot oX o ror| o \ar or

PHUGNG TRINH VAN TOC ROI CUA PHA THU HAI TRONG DONG CHAY ROI
HAI PHA:
Ta hiy xem xét biéu thifc sau:
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ol ?ax, oX, ox, ax,\ ot

Thay gid tri cia (BV s J tlr phuong trinh (8) vao (17) ta c6:
ot
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Céc biéu thic trong phudng trinh (18) ¢6 thé dudc trién khai & dang trung binh thdi gian

nhu sau: :
Biéu thifc vé& trai trung binh thdi gian chinh Ia dao ham cda vén t6¢ r6i theo thdi gian

hay:
o %ZZ OV i || OV i P8 (19)
ot i k| 0X, \ 0X, ot
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Bidu thic ddu ciia v& phéi c6 thé bi&n ddi:

— € " 2yr’ N ' iy
—_ vap ZVp} aV P a V n iy ——ZVPJ—ar—- Urpz aV pi aV pi _
ik an 6Xkan i) aX} ik an an

=37, 6—'3] (20)

7 \ax,

Céc biu thite th nam va thit sdu ciia v& phai ciing c6 thé bi€n ddi nhu sau:
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Thay céc biéu thite (19) +(22) vao (18), hodn vi céc chi s6 14n lugt j—i; k= j;i—k ta nhén
dudc phuong trinh véan toc ro1:
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Céc biéu thitc bén v& phai clia phwong trinh trén ¢4 vai trd tudng t¢ nhu cac biéu thifc
tudng @ng trong mé hinh (k —¢):
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Céc hé s6 thue nghiém c6 gia tri nhu sau [1]:
C,=0.09; ox=1; 0:=1.3; C;1=1.44; C,=1.92 .
Thay gi4 tri clia cdc biéu thifc trong (24) vao phuong trinh (23) ta nhin dudc phucng
trinh van t6c 181 cia pha thi hai trong dong hai pha r6i:
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Hay trong hé toa d§ tru phuong trinh van t6c 161 cia pha thit hai trong dong hai pha
161 ¢é dang:
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KET LUAN:
V6i mo hinh 161 (kg - kp - € - €p) hé phudng trinh dac trung clia dong chdy hai pha
s& dudc kiép kin va md hinh toén cia dong chdy s€ tiém cén véi bitc tranh thuc ciia dong
chay. Céng viéc nghién ciu ti€p tuc clia dong chéy hai pha s& bao gém:
- X4y dyng md hinh toén cho d(‘)ng chay rd1 hai pha trén cd s6 m6 hinh 101 (kg - kp -
€g - Ep)-
-X4y dyng md hinh trao d8i thanh phan rdi cia nhiét d6 va néng d6, tt d6 x4y dung
md hinh todn cia dong hai pha khéng d&ng nhiét trong cdc qud trinh trao déi
nhiét va chat.

Céng trinh nhin dude su hd trg quy béu cia quj NCCB thudc chuong trinh khoa hoc t
nhién, B6 KHCN. T4c gia xin chin thanh cdm on.

ky - kp - €, - €, TURBULENT MODEL FOR TWO- PHASE TURBULENT
FLOWS IN THERMAL AND MASS TRANSMISSION PROCESSES

Nguyen Thanh Nam

ABSTRACT: During numerical investigation of two-phase flows using two fluid
scheme, it’s necessary a new turbulent model for closing the system equations. In this work
is introduced the modification of k-g& model - kg-ky-g4-€, turbulent model for numerical
investigation of two-phase non-isothermal turbulent flows in thermal and mass transmission
processes.
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