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He phirong trinh khep kin 
cho chuyen dpng roi va cac phan ling chay 

TS N G U Y I N M A N H THJCING 

ThS N G U Y I N V A N H A I 
TmcTig Pat hoc H^n^ hi i Vi^t Nam 

Cac qua trinh chay diln ra trong buong d6't na'i hoi va d6ng ca dot trong d§'u kem 

chuyin dOng rfi'i, xoay 16'c manh. Da co cac cong Irlnh dira ra mo hinh tfnh qua Irinh 

chay nSu tren il Vift Nam [5], nhifng hodc la chifa ttfng quat, hoSc trong do chua Irinh 

bay ro bin chS't cac d î lifong ro'i va diS'u l<ien bien cho cac dai liffng nay. Bai bao 

trinh bay mO hinh tmh tifoing dO'i d3~y du cho qua trinh diin ra trong buong dot va b̂ n 

chat v$t ly mOt sfl'd^i lif^ng neu tren. 

s 
ClOSED (SYSTEM 

OF EQUATION* FOD 

TUDDULENT FLOWS AND 

BUDNING DEACTIONS 

Summary 

Burning reactions in boilers 

or illesel combustion chambers 
are always associated with 

strong turbulence and vortex. 

Some works have been done 
on modeling these processes 

in Vietnam [5], but they 

are not lor general cases, 

either they did not show 

clearly physical properties 
ol turbulence quantities 

and boundary conditions for 

determining these quenlities. 

The aim of this article Is to 

introduce rather an universal 
computational model for 
processes in combustion 

chambeis and physical 
properties of those quantities. 

I. DAT V A N 0 6 

Hien nay, van de moi trucyng va cu tlie doi vdi i<y thuat nhiet thi gieim 
thai doc to trong ichi xa va bao dam hieu suat cao cua thiet bi la nhii'ng van 
de dang du'p'c quan tam. Mo hinh tinh toan cac qua trinh trong dpng co 
dot trong doi hoi phai chinh xac hcyn va it phu thupc vap cac sp tieu thyc 
nghiem han. Muon tinh toan duoc qua trinh chay, dilu i<ien va toe dp s^n 
sinh cac thanh phan dpc hai (NO^, SO^, CO...) thi phai xac djnh dyp-ccac 
tru'ong nhiet dp, toe dp dong, n6ng dp cac chat... a trong bupng dpt. 

Dac diem cua cac qua trinh xay ra trong bu6ng d6t (dac biet la dpng 
CO dot trong kieu piston) la icem theo xoay loc, roi manh va moi chat ia l<hi 
chiu nen nen phai sCr dung cac phu-ong trinh dpng ILPC hpc cho dong roi. 
Dpi vpi cac dpng roi, do co them cac an so nen can phai bo sung them so 
phu'ong trinh hoac cac he so de ithep l<in he. V in d§ dat ra la iya chpn cac 
he so hoac phu-ong trinh l<hep kin thd nao cho phu hpp trong tOng bai toan 
cu the? Bai viet gioi thieu mo hinh tinh toan chuyen dpng rpi; ban chit va 
sy phu thupc cua cac phyong trinh va he s6 khep kin; cac phuang trinh 
truyin chat va truyin nang luang phuc vu cho viec xay dijng mo hinh tinh 
toan qua trinh chay. 

II. NOI DUNG NGHIEN CLTU 

1. Phuvng trinh chuyen dong rdi 

Nhy da bilt trong chuyen dpng r6i, cac dai luang nhy van toe, ap sual 
hay mat dp d iu la nhOng dai luang thay doi macti dpng quanh gia tri trung 
binh. De xet tai nhyng dai lypng mach dpng nao do. vi du van toe. ta ki 
hieu; 

CO, = H\ + u', (a) 

Trpng do cac ki ty chu' hoa de chl gia tri trung blnh, va cac ki hieu co 
dau (') la cac dai lypng mach dpng (roi), thay doi ngau nhien va co gia tri 
trung binh thee thai gian bing khong. Nhu vay, gia trj trung binh theo thai 
gian cua mpt dai lypng roi: 
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w,-o 
io,-W,+ w\ - W, (b) 
Gi^ trj trung binh ciJa tich cac dgi lu-png roi du'p-c tinh theo quy tac: 
aP~(A + a')(B + p').AB + 'a^' 

apS -(.A* a')(B + p-)(E + ̂ ') - ABE + Ea'P' + Ba'S' + A^'P' + a'P'^' (c) 

Trong do. n^u a'P'i^O thi hai dai lu-p-ng tren tuang quan vol nhau, neu a'P' = 0 thi chung la 
khdng tu-ang quan. 

Thay c^c dai \utqfng bien doi mach dgng (dang a) vao phu-ang trinh Navier Stokes cho chit Ifing 
khdng nfin du-ac va khong xet den lyc khoi, sau do lay gia tri trung blnh theo c^c quy t ic (b) v& (c) 
thu dLPac phu-ang trinh: 

^ dr ^ • dx, dx, ^ ax' ^ ' Sx-

Phu-ang trinh (1) du-p-c gpi Id phuxyng trinh Navier - Sto/tes trung binh hoa Reynolds. Doi vai chit 
ldng khdng n6n du'p'c, dya vao phu-ang trinh lien tgc, ty (1) ta du-ac: 

Cdc dgi lyp-ng m6i xudt hipn d ddy (so v6i chuydn ddng tang) [3, 4]: 
c^j = -pw\ w\ , (3) 

du'p'c gpi Id tenxcr d-ng su4t Reynolds. 
Nhu* v$y, so vo'i chuyen dpng tdng, trong ddng roi xuat hien cde thdnh phdn u'ng sudt tiep do 

chuydn ddng roi (phuang trinh 3). De giai hp trdn, ta phai bo sung them cde phu-ang trinh mai. 
Cdc md hinh rdi dan gian nhdt du'p'c eoi la cdc mo hinh dai so, cdc md hinh ndy sii dyng gan 

dung ve dg nh&t xoAy cua Bousinesq dd tfnh U'ng suat Reynolds. Prandtl (1925) tidp tge phdt trien y 
tyd-ng tren. De dan gian hda tinh todn, dO nhd't xoay {eddy viscosity) du'p'c tinh theo chieu dai hoa 
trdn imix (mixing length). Khai nipm ndy eung tuang tu- nhu quang dirdng ti/ do trung binh trong chat 
khi im^ (mean free path). Ong hinh tup'ng md hinh chuyen dgng roi dan gian, trong dd cac phan tu' 
Idng lien ket nhau thdnh khdi va ehuyen dOng nhu mdt dan vj. Ti^p theo, dng hinh dung rdng, trong 
ddng trup't cac khoi chdt ldng duy tri dpng lup-ng phuang x khdng doi tren quang dud'ng /„« theo 
phuang y va gpi dd Id quang 6uxj/ng hoa trgn. Khi si> dung "khoi chat long" thay th4 eho phdn tu vd 
Imo thay the cho i^tp, Prandtl dua ra dup'c edng thuc tinh u'ng suat tiep do chuyen ddng rdi: 

trong do, U- van toe trung binh theo phuang x vudng gde vo'i y, va dp nhd't r6i: 

I^'P-'LI^ (5) 
Ti> khoang nam 1960 trd' lai day, cae md hinh dya tren cac phuang trinh dpng nang roi trd thdnh 

n4n tSng nghien ei>u md hinh roi hipn dai. Prandtl (1945) da gia djnh tinh thang t6c dO d|c trung doi 
vdi chuyen dOng rdi Vmix, ndn khdng budc phai dung gia thiet v„^ ^Cul^^^cly l . 6ng chpn dpng nang 
r6i tren mpt dan vi khdi lup'ng eua mach dpng roi la /c (goi la dong nang roi) lam ea sd' cua thang t6c 
dp: ^̂  

k = - Y w ' . w ' , = - Y? + w\- + w\y (6) 

Dya vao thiP nguyen, dp nhdt roi dup'c tfnh theo mat dp p, thang chieu d^i r6i /, vd k: 
fij =const.pJc^'^l (7) 
Tu (3) ta c6 vet cua tenxa ung su^t Reynolds bing: 

Tc,pcH^KHO_SH(g. s5 6nsm2013 
^ CtNCNGHEVIETNMf 

file:///utqfng


^ N G H i e N CLiU - TflflO DPl 

D e thSnh l$p phu'cng tr inh cho dpng nang rdi k, ngu-di ta t inh tong Y w\ N(w,) = 0 . 

, , . ... . /'^o'f V ^^,\ ^P .rid^co 
t rong ad : N(ai,) - p -—J- + •> lo — J - + - ! ^ - ,11 \ J . - la (oan ti> Navier - Stokes. 

[ dr ^ ' dx, \ dx, ^ dx 
va thu dLfpc phu-ang tr inh: 

•, dW. ^ d I die I \ 
(9) 

„ ^ * ^ „ V l l ' iii -^ dW, .^ d I die \- ; , — \ 

trong dd : 

9w', flwV 
£ = V '- '- . 

dx^ dx,^ 
V4 tr^i p h u a n g tr inh (9) bao gdm cac thanh phan khong dn ajrih va doi l uu , bieu thi thay doi cua 

dpng nang roi theo tha i gian va theo chuyen dpng cua cac phan ti> long. So hgng t hu nhat ve phai, 
b i^u thi toe dp tgo ra dpng nang roi t u dong trung binh, dup'c gpi la San sinh (Production). Cd the 

bieu d i i n s6 hgng nay n h u tfch T,^5,^ (S,,- tenxa toe d^ Crng suatS, = - ( - ^ + '-)) va thay nd 
'"* 2 dx (ix^ 

dud'ng n h u giong cdng cua toe dp ung suat trung binh chong lai ung suat rdi. Ti^u tin nSng luvng E 
bieu thj tdc dp bi6n doi cua dpng nang roi thanh ndi nhipt nang, no b i n g toe dp trung binh ma cdng 
cua phEin mgch dpng tieu hao do ung suat nhat . Dai l uang fjdii/dx^ dup'c gpi Id Khuech tan phan tt> 
(Molecular Diffusion^, no dai didn cho s y khueeh tan dpng nang roi gay ra bd'i q u ^ tr inh truyen phan 
t u t y nhidn cua chat Idng. Ngud' i ta coi t ich cua ba thSnh ph^n vgn toe roi t u a n g quan la Truyen roi 
(Turbulent Transport ) va xem n h u la toe dp ma nang lup'ng roi dup'c truyen di theo chat long do dpng 
mgch r6i. T h ^ n h ph^n cuoi cOng d' ve phai (9) dup'c gpi Id Khuech t^n ap su4t (Pressure Diffusion), la 
dgng truydn nang lup'ng roi n i j a do s y t u a n g quan cua cde mach dpng ap suat va toe dp. 

D e khdp kin p h u a n g tr inh tren, nhieu nha bac hpc da de ra cac cdng thuc de danh gia cac dai 
lup'ng c h u a bi^t d trdn vg thu dup'c mo hinh roi mpt phuang tr inh. V i du, theo Prandtl : 

c,^=2f^rS,-^pkd,^, (10) 

trong dd Sy Id t enxa toe dp i>ng suat trung b inh, 6,^ la ma trgn dan vj. S6 hang t hu hai ve phai (10) 

can ph^ i ed de bao dam v^t eua r „ dung. Vd'i chat Idng khong nen d u a c y 5 „ = 0 nen 

^ T , , = -2pk . 

Truydn rdi vd khuech tan ap su^ t dup'c gia thiet bang: 

^ r die 
(pw\ w\. w',) + p'w', = ~ , (11) 

a^ dXj 

t rong dd a^ \A h# so khep k in . 

Khi dd (9) t ra thanh: 

dT '^•^ ' dx. ^ dx. ^dxA a, 
- , .,, , - - • , ,.r- - . , . ( 1 2 ) 

ax, ^ dXi, ^ dx, \y CT, dx, I 
vk t6c dO t i6u t i n ddng nang r6i d u p c Prandtl gia djnh: 

e - C „ e ' l l . (13) 

vk md hinh m^t phuvng trinh ci ja dpng nang roi dau t i^n co dgng: 

(14) 
'^ dz ^ ' f l x , ^ '" dx, ' ^ ° ^ ! ) x , \ a, dx,) 

vipr-pJ'"'- '̂ ^> 
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M6 hinh nay van chua hoan thien vi no lien he thang chi^u dai roi vai vai kfch thuac ddng dgc 
trung. Trong nhOng thap nien gan day, md hinh hai phuang trinh I<-E duong nhu duac ph6 bi4n han 
c5 (Chou - 1945; Davidov - 1961; Harlovif va Nakayama - 1968; Jones va Launder - 1972) v^ it day 
gib'i thi^u mo hinh ii-e. 

D 4 I$P phuang trinh cho tdc dp tieu tan, ta tfnh mdmen sau cua phuang trinh Navier Stokes: 

Tuy vay, phuang trinh nay doi vd'i tieu tan cdn phue tap han nhidu so vd'i phuang trinh dpng 
nang rdi [2, 3], trong do co chua cac tuang quan ddi va ba cua mach dgng toe dg, ap suat vd gradien 
tdc dd. Nhung dai luang tren khong th i xac dinh duac bing thyc nghiem vd'i dp chinh xac bit ky, do 
dd chi hy vgng cac nha thyc nghiem cho ra dug-c chi dan tin c$y de co cac g^n dung khdp kfn thfch 
hqyp. cac nghien cuu nhu cdng trinh cua Mansour, Kim va Moin (1988) da cho mdt so hieu bi^t ve 
truydn e chfnh xac doi vd'i cac ddng c6 so Reynolds nhd, tuy vgy, ca sd' du li$u dd thiit l$p c^c gan 
dCing khdp kin gidng nhu da dup'c dung cho phuang trinh /c vdn con rat han ehe. 

fvl6 hinh k-E tieu chuan hipn nay dang dup'c si> dyng nhieu [1, 2, 3] co dgng nhu sau: 
Pj. =pC^k^/E (16) 
Phuang trinh dgng nang roi (12) va phuang trinh toe dp tidu tan: 

cac hd s6 khdp kin: 
Q, =1.44;C,; =1.92;C^ =0.09; a^ =1.0; o, =1.3 (18) 
2. H^ phwcmg trinh vi phan dien ta qua trinh dot chay nhien lieu long bang khong khf 

Dud-i dSy xin gib'i thieu cac phuang trinh ca ban doi vai h^ thong khi nhieu thanh phan c6 
ph^n ung hda hpc trcng buong dot (phun nhien lipu vao) da dupe SCP dung trong cac cdng trinh tfnh 
todn lien quan nhu cho buong dot noi hai, trcng xi lanh dpng ca dot trong [1]. Trong truo'ng hp'p cho 
hg khi va xay ra c^c phan i>ng chay manh, thang roi lan, nen dp nhdi dpng hpc p {cua chay ting) 
dup'c coi la nho so vd'i dp nhd't dgng hgc roi px [1]: 

* Phwcrng trinh liSn tuc (bao toan I<h6i lu^ng): 

^+y.{pco) = p' (19.1) 

* Phu-cyng trinh bio toari dgng luxyng: 

^^^ + S7.{pcoio) = -Vp--pk+V.o + F' +pg (19.2) 
dT 3 

* Phu-ang trinh bao toan cac thanh phin hoa hgc: 
- ^ + V.{p„,(u) = V.| pDV\ -t>-11 + p̂ _ + p'S^j (19.3) ^(^)U:./>-a„, 
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' Phuxyng trinh bao toan noi nang: 

- ^ + V.{pu(o) = -pV.a) + V.f AVr -i- pO'^ '„,V(p^ ^ P)\ + Q^ +Q' + p£ (19-4) 

* Phuxyng trinti truySn dgng nang rdi: 

^ + V.ipwk) = --pkV.(o + - ^ + V. f-^ W A I -ps + iV' (19.5) 
^ r 3 VO) IP*"* J 

* Phuvng trinh truyen toe dg tieu tan nang Iwg^ng roi: 

^ ^ + V.ipcoF) = -(C,, - C^,)p£V.oj + V . f f - ^ I v e l +-\c , - ^ - C.^pe ̂  C,JV'] (19.6) 
<5r 11 ^^f J * L '^'^ J 

Trong do: v$n tdc trung binh lo = (o^(x,y,z,T)I + co^(x,y,z,T).j'+ co,(x,y,z,T).k ; u - ndi nhidt 

nang ridng; /„ - entanpi rieng cua thanh phin m; cac ky hipu toan ti>: V. = eJiv, V = grad. trong dd 

TapchKHOAHQC ^ . , , ^„, , 
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vd'i rieng: Vco = [da),-/dXj] va phep tfnh: a/Voi = trffr.Vw^) ="2^a,^d(o,/dx/, o la tenxa ung suat 

nhd't: cr,̂  = p^^wjdx^ +d(OjIdx,), pr !a dp nhd't dong lyc hpc roi; p va p ,̂: mat dp hdn hp'p va cua 

th^nh phin khf m; p'va p „ ' la cac s6 hang nguon, ke tai anh hud'ng cua cac pha Idng va thay ddi 

mgt dp khl m trong c^c phan ung hoa hpc; F^- thay doi dpng luang trong mot dan vi the tich do tac 

dyng cua ddng nhien lieu; g - gia tdc trpng truong; D - he so khudch tan roi; 5 - ham delta Dirac (ma 

tr$n dan vj); Q', Q' - so hang nguon, ke den anh hudng toa nhiet cua cac phan ipng hoa hpc va bay 

hai; Pr;,- so Prandtl ddi vd'i k; Pr,- s6 Prandtl doi vol e; iV'- so hang nguon, ke tai anh hud'ng cua 

ddng nhien lieu trong cac phuan_g trinh truyen kva E; C^I, 0^2, 0^3, C^-cac hang so cua model rdi. 
Dieu kign bien cho /( va £ cung thu duac tuang ty khi xet Id'p djch trup't theo quy lu^t cua vach. 

Û ng suat tiep dupc tfnh nho- gia thiet coi vgn toe chat long 6' cac diem lan can vcxi thanh co phuang 
tiep tuyen vd'i thanh. Coi cac ung suat Reynolds khong doi, nen dgng nang roi lan can thanh duoc 
tfnh bing: k = ul /.^/c^; u. = -JT/ p , trong dd i la ung suat ti ip. 

Dilu kign bien cho E: E =ut l{Ky), trcng do y la khoang each td'i thanh va K=0,4 la hg so 
Karman. 

III. K^T QUA vA T H A O L U A N 
B^i bao da trinh bay tuong doi d ly du he phuang trinh khep kin diin ta cac qua trinh dien ra 

trong budng dot. Tuy vgy, ngoai cac phuang trinh neu a muc 11.2, de xay dyng md hinh tinh qua trinh 
chay d ly du, eIn b6 sung them cac phuang trinh cho toe dg phan ung hoa hgc va tao thanh c^c 
chit; phuang trinh diin tg phan bo chum tia nhien lieu vao budng dot va toe dp bay hai cung cac diiu 
kidn biSn khac [1]. 

Phuang trinh bao toan npi nang da co trong cac giao trinh hign co, con phuong trinh bao toan 
thanh phan hoa hgc cung dup'c xay dyng mpt each tuong ty do sy giong nhau giua truyen nhiet va 
khuich tan ndn khong trinh bay a day. 

Trong truong hg-p chung, chi co the giai he tren bang cac phuang phap so. Van de phuc tap 
nhat la xac djnh cac diiu kien bien va cac hing so cua mo hinh roi. Dy kien eua chung toi la xay 
dung chuang trinh tfnh toan eho dpng ea ddt trong bing phuang phap sai phan huu han, tren ca so' 
so s^nh vd'i cac cong trinh da cdng b6 hoac thye nghiem thi se hieu chfnh lai cac hang so mo hinh 
nay. Vl^c nghien cuu va xay dyng co so' ly thuyit cho cac hang so nay v in can phai duac tiep tuc 
nghien cuu de co dug'c tfnh khai quat va sau hon nhung gi da trinh bay. 

IV. K^T LUAN 
Npi dung chfnh cua bai bao tap trung vac ca sd" ly thuyet xay dyng he phuang trinh chuyen ddng 

cho dong roi vi do la qua trinh phuc tap. Co nhieu nha nghien cuu khac nhau dua ra cac gia thiet va 
phuang trinh khep kfn khac nhau, trong do m6i thuyit chf thfch hap vd'i truo'ng hap cu th i ridng. 
Ngay c^c hd so trinh bay 6" phan cu6i, tac gia cOng chua co diiu kien de kiem djnh, cac phuang trinh 
da neu trong muc 11.1 cung chf d i ban dgc tham khao thdm (ngoai ra con co cac dang khac). Tae gia 
tgp trung vao y nghTa vat ly cua cae dai lug'ng dae trung cho dong rdi nhim giup ban dpc su dung d i 
pgng han d i giai eae bai toan ridng cua minh va ed the dan gian hoa cac phuang trinh nay trong 
trud'ng hp'p cd the • 
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