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A wollj.l has a lide Etrgc ol
aDplicarionr sci as gas tolliB fi16
@li4..ircGi bLN dou fl'p d
in idiu rnd !n condnioning
,actik. Thc wdl jlr l8s b€en fidj.d
boln .xperim.rt.lly urJ tlseically
(r Il). L, rlosogrudics tli.plan.Mll
jer .horrcrcris(ics Nle studiod ir
rurbuleol floE lbr diIldcnt
ondslErn'nr, Th. ,rBi wo* is
diEcrdl ro*arJs .$nririra,he llo*
6eld oi rirB di@irioral harcd trf,ll
jel now on r fid $ a* in lnmind

1h. olgo ln SIMPLE (12)
N& used in $k work to dndy the
pbbJem rvil,r lho Navi.r Srokcs
equoliu.s *rinrn in icnns.lp niriv.
vdablc m..hod. -lhc poblcr ro br
cdsidead in $! {,C} n depici.d
Fi&(!,r. Th. B6tur). is speitred b),
th. trifie ,idth h, bd the ,5pel
mlio e. Thc 8@. ing e4radons 10 6e
.o.sidsred or rhe cootinuiry,

monenrun, eneq! rrd turbulence
qu. niei Tn€ nuo.ridl p€dicrid
*.s t *d on sbg8.r.n Fid
r.c[niqB whe th. v.fu uriar B
!E s.$.Ed mids.) b.tuan lhe

Ths ,Iow fi.ld n .sumed to
h. rhEcninensional rirh con{int
ptp.ii6, .nd the buo).*Y .lter is
Neler.d Tlr aor.oi.6 .qu.lio.s
c,n be dDe*€d in O. followin8
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I. rulbuloi flo*. rhe nEdtr
norv ctudiors .m bt expssed f6'
ieldy {or.condiliois as lollowr:
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To $lE rh. sovmina
.{udoN (5-3) r d$.n.lill
cx9E$ion for .fialiv. tiem.lic
vi{osiry v! and €f..liv. diftuiion
co.fiioi. r. will b. rcqliftd in th.
!on!idemtion of blbulsnce,

Th. k{ Mod.l chrad.rD.s
llE l{,1 sblc of turbulenc. by rro
FE Ele6: dE lurbnl. lirclic
6.r&/, k .n !h. 6G of ir.
dissiO.rid, .. Th. kinmlic viscosity
is r.Ltd b rle p.Etui.6 by
Kdh.gN.Prsdtl sxprcasi6n l, 5):
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lpp€rin8 in ih. ,boE rod.l ft
rhown in th. follorvinr riblc.
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Th. boundary .oMitions lor
rhc piobla unier s.liddtion catr
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rhe r.h.n, or fi. jet .t $c iEe eig.
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To dnrrc sedorh rdsirion a h. h$
sn$m Bie slllion of dr. combinon
j.1 !h. totlsviis bo!nd!.y €nditicrs
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lhe irplee.i!.liotr of rhe
s.ll b.{ndrry @ndniois in rrrbuhnr
flow snns *irh cv.ludion ot

". tF
wh.rc r, is 6. dnhcc orncs uli
node p to ih. solid sur.E. A ner
s.ll no, i. Nun.d to h. laniu if
y' <ll6 ed ludul.nt il y'>lr,6l
l4t.
Cotsi{l shar nGs (!-) vill b.
asumeil though de aall Esionr

U
r! =/rr *l'.rr Uo tr rlE v.locily
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ir the erid rcd. n.ir tnc $r, c..

Thc aall force ls Epfts.nled
i. ln. disraiz.d U-Dms M,

F,= - /:/d (ll)

\\4lc A is rh. krll .G! of th?

U-r.l*in o.nltel lo tb. x.ll:
Tl'c sall loice r,

inituluced in ro {he discrdiad

s,.-!-ar lor y.tt6104)

ot
sp = Sonc rm ld to.bulcnt tlw,
K.lon(!mms. stur(o.4tlr,
E - lo8arlLlmic woll .on$5nt (9.791,

r, - Mbuh kinciic ercBr, for nod.
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an lhc di*rdiEd e{qulion Oe ns.rnll tud. r fixd b dr on- Et'E
in eamrion (trl by nee; oi Enin!
fi! tuu(. h5 S,ud s.s fotb;
tt4l..
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m. vell hor flux is
ituodu(i by llE med3 ot rhe
follNiIs I14] su@lc@
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dn dr h th. luduldt .nd looitrd

4I E.i, rcd rh. P*irtrrim

llcre, fo. thc cont&rdi .iiibari.

ThcrcfoE, de eilh $.
fblbwing bou.d6ies ce considcEdl

Nuneric!! Sohrotr
Ntrmcrial rEcodur calted

SIMPLE (lemi-implich nedod ln.
pr.s E-linli.rl .qd.ri B) s u*d b

!(.a91.

a(,Yt-

$lr. dE bEic @ssaiv.
cqlotioB TlrL pru.dur ofPat nks
a Splldins is tuond in Et[t2]. Thc
nnit. dillecB. msh coBists ol
mmy ktol rcIum.i Eina !
sasg.rcn Erid .y .h. Ali ic!t.!
vditul.s (soch as pE$ure aM
!tmp.dr.) e d€fine, ,r trdir..y
,od.l poims, .fi. €lcity comF@a
are dermed on shmerd xrid!cmtrd ound $e ccll fae! *.
tie.e). rar i bc .ny dcpqdan
vlriab,o ror rvhich ih. cofue0llion

1(,9\.,,,

wh* so n th. rource r.m ll,ich hu!
diffcEnr erpEetiors ,or dif.mt
fl ow.qurnss. Aicr.pptriig @t6l
difGrdco lor $. dirtusiotr icrms dd
upwind ditrd.nce lc .onEtivc
remr lhe .!ok eq!.ti@ e
discritiad (Fduoed io al&6mic
.quation, aid iolved nun.ricatly.
'ne dilcdiaion .qBrio. conndr
ilE Yilu.s of C, for . golp of grid
poinli usualiy rhc 8lid pointi oarh.

A,tDr . ALttt + lto* + 1N@r +

l1tot + lr.br + t)O1) 56
(h* .&l' ccaficidt i. rhe above
.qlaron includca convociive and

The F.$!r is qEeckn b
dnt 6tr nui!, it &€ eid or mch
i@.aiion To doive 6e ,re$oE
coreciioi eqution *e d.fino ih.

- ="f+,t"1,(*l] *,



qhers, 
'ho 

aftd valtEs (U*, V1)
BpErnt rhe floB solutioi Aiv.n bt
rhs prE$rft (Pr) By ,pplyirg the
rbove h rhe discerild hoientun
ad conlinuiO, equdios 0d
sinplifying, a linear slslom ca. be
obbiisd ror P (Pre$u,t corcdion)
in solrrg &c noadr mo'ne(rum
equdriorr in lhjs st.p utrdcr
relrstion factors rere used to the
ccmpif".nt ol th. vclociry, pft$0re,
hear. ,nd iutunlcfl eqLElions lo
prevEnr insbbility qd dirergeue due
to nonlinearity in rhe Navi.rsrokes

R.splls and Diicusion
Resulis are obt3ir8d iuDerically lor
inc.hpresible no* uDd.r rh.
condiions ilhshar.J in the forgo;ng
secrions Thc now iield rnd rh.mal
chedci€risiics lo. difere R€)rolds
numb* and differdt $pic( mtios m

rbw rieu
Effccr of Reyrolds rumber dn de
llo* ff.ld disribnlioi s sdc. in
llgs.(3-4) lor laDinar atrd rtrbrle
,los It can be €etr 6at bou.d!!
laler EroMl o, sdrc. mects lhs
shea! layer expnnsion on thc ie
bouRlarr b{!u.e th€ Barlj.r exhci
$he of rhe static su oudins fluid
llr! l.rds lo foh a mi\ing Ggiotr
heueen rhe bomdary laler otr
suribcc and $c miic fltrid, filally
deasing spE!'Jing ir $. doM nrah
diftciion. as fis.(3) d'ows, th.
spr.adi4 rate .f.he *all jer R1 los
Reynolds numbeN, b*au* I th. low
Reytulds iuhbe. the iet exnact morc
shtic tluld leadirg to increis rhe
inkmtiotr betwccn rhc $all h.undiry
laycr grorih sd lne ftee shear liy.r.

Corseqlenrly i i',creiles lhe
soreadinE rarc The fia$e al$ sho{s
thatrh. deca, of Iho axial velooiq h
les at high Reynolds numbcr. In
furbuleDr now n!.(4), rhe desay of
0.\in!fl qi.ly.lociJr is les at hiah
Reynolds iurnbei also rhe sprc.ding
r.e of the $"n jet tu lhn noi is le$
non tne lmimr lov bsouse or the

Fis.(5) exlibil. rhe offcct of aspec! oi
asp.cl mlio oo lhe *ial velocirY
distibuiiotr iD dm iar.kl diFction
(pLane I]riuel to rhc solid sulace) ll
..n h. *on rhai $e asp.ot ratlo hE
ioliccabl. i'rnuerco on the velooi!_
distribui.., where non'unifom
dndbotion occuB Bith incEasing of
1ne 

'sped 
rario and th may be

,ributcd ro the iicrqsc of
itr*'trls.e ako the valk! of dial
velocirr. is higher at bGer Nped

&sssrleb4le44js
The predicred isoL\em cotrtor* for
lr'hin.r flow ee iliusrated ii fi9.(6)
Tho rs$rls sho\r lllat lhe dccay ol
dial ieirper.Lure is los at high
R.yiclds trumber beoause fie rhennal
bDundfy layd Ao\qb oi $lid
surfac. is a.$cr thai rhai with dc

-rhe effed ol Rernolds numbor on
r.frp.mlurc distibutioo ii turtulcnt
flow tu ser in fis 17). r cai be seen

that thc rhemai liy.r 8ro\y wilh dowB
snlam dnlance due 10 dilTee,6
Lrei$een the hol $rean otthe *!ll jet
ana lhal of the solid wall and
sunoindin!. There k hi8!& vdluca of
aliil t€mpcratms near rlrc solid
surface becaus of tne 6icli.n
i,rduc.J btueen $e nu* dnd rhh
surace vhich leds ro increase or
EnFeatu4. The sg&ading Bte of
(hemri laler is decrea$d wirh
ii.rc,se oaR.viotdi number
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Th. compl,ied rc$lt an .ompaEd
eirh thd publir[.d .{rcrnienrar
rcsults hken ftod ll s sno*n in
fi&(8). Ih. compeien indi@&s t
ho&Ele igMnl bclwq! .Blts.

Fi&(9) .xhibi6 rhe rnt{lc
tinclio cDers/ {which r.DAcnb rnc
inralsiry 6l tnrbulcncc fiu$trarion,
lor ditae&trt aDcqt r.tio i! rhe ilr.ral

The p.ars oa rhe jet Esion
n{r€sed in th. ldr.nl diieion fo.
rhr lo! 

'rect aio llie signiiqnt
dilrafttrc. bds*n the studied 60..r
rurio! nry be a&ibul.d ro difieren@r
in produdioi. 6nspo.t and
dilsiporion olrurb{le kinedc a.lgy

Con l!:noE
l. Thc sprading tsl. rfrL. elt jd

in turbulonr flow ir l6s ftm ol

2. llrcB is hirhd r!lu.! ol dirl
rcD!.hnrB ne& {E solu

i. Iic sp@dinf, r.r. cf rhelmr
l.)d d*r.Gt wnh ii.rcsir.s

4. Ttu ,spcd rioo h8s ioiieable
.ftects on ,low fi.ld and
tu.bllence chan t.ridic!.
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rig,(6) Lsnimr i{otherh con.ou6 for diffeE Rrymlds nunbe* l
RFt000, b, R€sr000j c. RF3000 ,nd e-,3.
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Fig.(9)Turbrl€n. kitr.Iic r.er$ ftr diffeEDl {rDeci rolio (a. e=3, b..=6)
R.=20000, wilh pl.he X=15 in lrleml diretio!,
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