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Table 1.1 Governing equations of the k-: Model with conservative
expression based on generalized curvilinear coordinates

CONTINUITY EQUATION

Ux+Vy+W,

=({J(fxu+£yv+£zW)}e+{J(nxu+n,v+n.W)},+(J(t,u+§yv+t.w)}c]/J

={(JU) e+ (JV),+(JW): }/]=0

Transformation Relations between the Contravariant Vector and

the Usual Vector of Velocity
U=t url,vet.w, V=p,utq,ver.w, W={,u+{,v+{.w
u=x:U+x,V+x:W, v=y U+y,V+y. ¥, w=z .U+z,V+z.W

MOMENTUM EQUATIONS
u; +HX=-p,+FX
v.+HY=-p, +FY
wi+HZ=-p,+FZ

Convection Terms of the Momentum Equations
HX=(uu) .+ (uv) y+(uw) . ={ (JUu) ,+(JVu) ,+(JWu) .} /]
HY=(uv) «+(vv),+(vw) . ={ (JUV) ¢ +(JVv),+(JWV) : }/]

HZ=(uw) o+ (vw) y+(ww) . ={ (JUW) o+ (JVW) .+ (JWw) c } /] _

Pressure Gradients of the Momentum Equations
Px={(J¢:D)e*+(J1:D)*+(J{<P)c}/]
py={(J¢yP)e+(J1yD)a*+(JEyp)c }/]
P.={(J¢.D)e+(J1.P)o*(J{:D)c}/]

Diffusion Termsvof the Momentum Equations
FX"—'{ Vi (zux)} x+{ Ve (uy"'vx)}y"'{ Ve (u:"'wx)} x
={ Ve (u:-v!-wz)}x"'{ bt (u¥+vx)}1+{ y t (u:"'w'x)} 4

(1.1)

1.2)
(1.3)

(1.4)
(1.5)
(1.6)

(1.7)
(1.8)
(1.9)

(1.10)
(1.11)
(1.12)

=(Jy {(GGIue+(GE)u,+(GCIuc=(2c /I IV #(2, /] IVet(y e/ I )W, =(¥a/])We ) ) /]
+(Jv  { (GE)ue+(EE)u,+(ECQue+(z:/J)ve=(ze /I Ive=(ye/T)wer(ye/D)we} ) o/ ]
+(Jv e {(GCIue+(ECIu,+(COYuc=(2, /] IVe+ (2 /I IVa+ (Yo /I IWe=(ye /] )W, } ) e /]

(1.13)




Table 1.2 Governing equations of the k-: Model with conservative
expression based on generalized curvilinear coordinates
(Continued)

FY={Dt(Uy+Vx)}x+{Vt(ZVy)}y+{”t(V:+wy)}z
={Vt(Uy+Vx)}x+{Vt(Vy'Ux-Wz)}y+{Vt(Vz+Wy)}:
=(Jv {(GG)ve+(GE)V,+(GCIve+(z: /] )upn=(2, /T Duc=(xc /] IWa+ (X0 /])We } ) e /]
+(Jv A (GE)V+(EE)V,+(EC)ve=(zc /T )ue+(ze/T)uc+(xc/1)We=(xe/1)We } )0 /]
+(Jv {(GC)ve+(EC)v,+(COIVe+ (2, /] due=(2 e /DDus~ (X2 /] IWe+ (X /])W, } ) e /]
(1.14)
FZ={v . (wetu. )} o+ {v . (wy+v. ) },+{v . (2w,)}.
={y (Wetu) fat{v o (wytv ) )+ e (Wemus-vy) s
=[JV:{(GG)We+(GE)Wu+(GC)Wr'(Yc/J)Un+(Y»/J)u:*(X:/J)Vu'(Xu/J)V:}]e/J
+(Jv  {(GE)We+(EE)w,+(EC)We+(ye /T )ue=(ye/IDuc=(xc /IIVe+(xe/JIVe } )0 /]
+(Jv L (GCIW e+ (ECIW, +(COWe=(y /] Due+ (¥ e/ T+ (X2 /] IVe=(xe/IIVa } ) /]

(1.15)
TURBULENCE ENERGY k
Transport Equation of k
k. +HK=FK+y ,S-¢ (1.16)
Convection Term of k
HK=(ku) y+(kv) ,+(kw) . ={ (JUk) (+(JVk) ,+(JWk) c } /] (1.17)

Diffusion Term of k

FK=(v ke/01):4 (v eky/01) 3+ (v ke/01)
=(Jy {(GG)ke+(GE)k,+(GCOke} /01 ) e/J+(Js e { (GEDke+(EE)k,+(EC)ke}/01),/]
+(Jy e { (GC)ke+(EC)k,+(CCOke} /o1 )e/] (1.18)

Production Term

veS=v {2uk+2vie2wi+ (U, +v, ) 24 (Watu, ) 24 (v, 4w, ) 2}
=2y ({(Jéw) e+ (Jrau) o+ (JLu) }/])2
+20 ({JEV) e+ (T1yv)o+(JE,v) e 1)
+2y ({(JEW) e+ (J1.W) o+ (JLaw) }/])?
+r ({(JEur]Eav) e+ (Jnut]a,.v),+(JE ut]Ev)e}/])?
+y ({(JEawr]Eou) e+ (Jnawt]n,u),+(JEaw+] L u) e} /)2 |
+1 (LT EvATEyw) e+ (J0.v+]1,W) 4 (JLave ] E,w) 1 /] )2 (1.19)




Table 1.3 Governing equations of the k-: Model with conservative
expression based on generalized curvilinear coordinates

(Continued)

DISSIPATION RATE ¢

Transportation Equation of ¢

¢ +HE=FE+c,¢v.S/k=c,¢%/k (1.20)
Convection Term of ¢
HE=(eu)x+(6V)y+(€W).={(JUe)e+(JV€)n+(JWE)»}/J (1.21)

Diffusion Term of ¢
FE=(veex/02)x¥(viey/02)y+(vee/02),
=(Jy{(GG)e¢+(GE)¢,+(GC)ec} /a2 ) e/J+(J s {(GE) ¢ ¢+(EE) e, +(EC)e}/02),/]

+(Jv{(GC)e+(EC)e,+(CCYec}/02) /] (1.22)
where
GG=ti+£7+¢1, EE=pi+n3+12, CC={.+{,+!{.,
GE:exﬂx"’fﬂlv"’f:’In GC:fx(:"'fytv"‘fstn EC=7}x:x+ﬂy§y+ﬂz§: (1.23)
Xe X, X¢ PETETIEE .
J=|¥e ¥ Ye[=|0: 1y 1.
Ze Z, 2¢| |{x ¢y (o
£:=(V22c-Ye2,)/], Ey=—(X,2:-%X:2,)/],
§e=(XaYe=XeVa )]s 1:==(Veze=yeze)/],
1y=(Xeze=xcze)/]. 1.==(Xeye-xe¥e)/],
(x=(Yez,-Yn2e)/], {y==(Xe2,~%,2¢)/],
{e=(XeYo=X,¥e)/]
Xe= J(0y8e=y0:)s Xo==J(Esla=8rbe), xe= J(Eyn.=05¢0),
Ye==J(1xl:={x12)y ¥ou JCEale=02be)s ye==TJ(£xn.~1x¢:),
ze= J(naly=0x0y)s Z,==JCbxly=xy)s 2¢= JCExny-1x85) (1.24)
DEFINITION OF ».
y.=k' *l=cpk?®/¢ (1.25)
EMPIRICAL CONSTANTS .
¢,=1.0, ¢:=1.3, ¢p=0.09, c:=1.44, c.=1.92 (1.26)




Table 2 Boundary conditions of velocity and Turbulence Properties

Constant ¢ Surface

Gradients of Velocity Components by the Power Law Distribution

utf7=(u, v, w) - (X¢, ve, 20 )/ (xE+yi+zi) 2

utff=(u, v, W) (X4, Y0, 2, )/ (x5+yi+23) 12
(u;e”)i.j.k
={(m/h)(u'”)i,j.k}/(GG)l/2 -{(GE)(uzeﬂ)i.j.k*(GC)(UEeﬂ)i.j,k}/(GG)

CHALD FIRFTS

={(@/h)(u**)s, 5, «}/(GG)*7% ={(GE)(us®*)i, 5, «+(GC)(ut* )y, 5, «}/(GG)

(Uedi, 5,
={=(yab:=z, 8, ) (xE+yE+2E) 2 (U3 ") 0, 5,
*(Yebemzeby ) (x3+yI+23) (U )0, g

+]£:(C*) 1, 5. 111 (GG}

(Vedi, 4.«
={ (X bemza b)) (xE+yi+28) (Ut )0, 5,

=(xeba=ze b)) (x24y23+22) (U 6) 0, 4,
+J1£,(C*) . 5. 1/{J(GG)}
(Wedi, 5, x o
=ty £ (xE+yE+zE) V2 (0 ") 0
+(Xebym-ye b)) (xo4yi+z3) 2 (uEt ), 5

+J£.(C*) . 5, 11T (GO}

CE=_{ﬂxuﬂ+nYvn+”zwn+txut+§yv{+§:wt}

Free Slip Condition of k
Jsi({Tve(bakatt ky+E ko) /0, )drd!

=[s:({Jv (4248348372 (0k/iN)}/ 0, )drdl=0

Wall Law of ¢
Ei.1.k={CD’/‘/(th)}ki.j.k’/z

2.1)
(2.2)

(2.3)

(2.4)

(2.5)

(2.6)

(2.7)
(2.8)

(2.9)

(2.28)

where N is a normal distance measured from the physical boundary surface,
h is a normal distance between the physical surface and the computational

one and ¢ is the Karman constant, 0.4.
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Table 3.1 Poisson Equation and Generation Term

POISSON EQUATION OF PRESSURE
Lz[{J(GG)}i+l/2.i.k(pi+1.i,k-pi.j.k)
+{J(GE)} 141, 5. «(Pi+1. 541, e=Pi+1, i-1, «)/4
+{JGE)} i, 5, w(Pi, 341, xPi, 5-1, £ )/4
+{J(GC} i+1. 5. «(Di+1, 5. x41=Pi+1, 5, x-1)/4
+{J(GC} i, 5, «(Di, 5. w+17Dy, 5, x-1)7/4)
=L ({JGG)}i-1 2, 5, «(Pi, 5, «=Pi-1, 5. ¥) \
+{J(GE)}i—l,i.k(pi-l,j+l.k-pi-x.j—l.k)/4
+{J(GE)} i, 5. «(Py. 541, e=Di, 5-1, k) /4
+{JGO} -1, 5, «(Pi-1, 5, x+1=Pi-1, i, x-1)/4
+{J(GC)} i, 5. w(Di, 5. wx1=Di, 5, k=1)/4])
+L,({J(GE)}i, s+1. x(Disr, s#1, x=Pi-1, 1+1, £)/4
+{J(GE)}i. 5. x(Pis1, 5, x=Pi-1, ;. x)/4
+{J(EE)} i, 5412, «(P1, s+1, x=Pi, 4, &)
+{J(EC)}i, s+1. «(Pi, 541, x+17Pi, 5+1, x-1)/4
+{JEO i, 5, «(Pi. 4. e+1=Di, 3, k=1)/4)
=Ls({J(GE)}i, s-1. «(Pi+1, i1, x=Pi-1. j-1, &)/4
+{J(GE)}1.j.k(D1+1.j.k‘Di-1.j.k)/4
+{J(EE)}i, j-1,2 x(P1, 5, =P, §-1, &) ’
+{J(EC)}l.i-l.k(pl.j-l.k+l-pl.i-1.k—l)/4
+{](EC)}1.i.k(pt.j.k+x‘px,g,k-x)/4]
+Le ({J(GO)} i, 5, xe1(Pis1, 5, x+1=Pi-1, i, x+1)/4
+{J(GCO)} i, 5, «(Pi+1, 5, x~Pi-1, 4, x)/4
+{JEC}, i, x+1(Pi, 5+1. k+17Pi, i-1, x+1)/4
+{JEC)} i, 5. x(Pi, j+1, «=Pi, -1, x)/4
+{J(CO}i, 5, w1 2(P1, 5, x+17D1, 5. 1))
‘Ls[{J(GC)i.i.k—l(Dt;l.j.k-l'Di-x.j.k-x)/4
+{J(GO} i, 5. x(Pisr, 5, x=Di-1, 5, )/4 _
+{J(EC)}i,j.k-l(pi.j+l.k—l-pl.jf1,k—l)/4
C+{JCEC i 5, w (i, 51, xPs, 51, x)/4
+J(CC)1.j.k—l/z(pi,j.k-pi.j.k—l)]

=D/At, |
where underlined terms are vanish when all of L.-s equal unity.

(3.1)




Table 3.2 Poisson Equation and Generation Term (Continued)

Generation Term

D==/s: {JUMdt+/ 52 {JUNRAL -] s s 1JVIAEAL +) s, (IVIdEL =/ 55 { TN dEdr+S s o {TF}dEdn

Discrete Expression of Generation Term for Full Control Volume &
D={(JW)isr. 5o =W o, 5w+ IV, an, k-(JV)l i-1, &

+(IW i, 50 eer=UW i, 5, -1 }/2 (3.3)
Discrete Expression of Generation Term for One-half Control Volume
D={(JU) ivv. 5, = (DD, 5. o 1/2#{ IV, san =V, 5o,

{61 DIRFRIRTEYG 1) T P (3.4)

Definition of L:
Li=li(Is+Il4)(Is+l6)/4, Lo=I.(1s+1.)(Is+ 16)/4, Ls=Is(1:1+1:)(Is+1¢)/4,
L=l (I1+12)(Is+14)/4, Ls=Is(1141:)(Is+1.)/4, Le=14(I1:+1,)(Is+]1;)/4,
I, =0:if the surface S: coincides with the boundary,
=1 :if the surface S: does not coincide with the boundary. (3.5)

Definitions of ﬁ. ﬁ and W
If each surface of the control volume does not
coincide with the boundary,

U=(tay £,y £2) - {(u, v, W) +At (<HX+FX, -HY+FY, -HZ+FZ )**'} (constant ¢ surface),

V=(n..ny.n.)'{(u.v,w)“+At(-HX+FX.-HY+FY,-HZ+FZ )**'} (constant 7 surface),
ﬁ=(§x.fy.K:)'{(u.v.w)“+At(-HX+FX.-HY+FY,-HZ+FZ )**'} (constant { surface).

If each surface of the control volume coincides &0
with the boundary respectively,
U=U(constant ¢ surfgce),
V=V(constant 1 surface),
W<W(constant { surface). 3.7
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=fvi. s, e {JUu) e+ (JVu) ,+(JWu)  }dédnd!

=!51+1/2. ie k(JUU)dﬂdf'!/51-1/z. i, x(JUu)dad¢

fler ter e cUVOAEAL=T o1, 5o e £ (JVu)dEAL
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[vier, 5, «HXAV

=ISi+3/z.j.k(JUu)dﬂdf‘ISi¥1/z,j,k(JUu)d?df

#lsi.sersa o (JVUAEdE=Ts 1, o1 2. « (JVu)dEd?
+[si, 5, es12(JWu)dédr=-tsy, 5, e-1,2(JWu)dédr (5)
B
ﬁ(uwmé&&at,Tﬁﬁmammﬁﬁﬁéﬁer
. HEHFRHTH L, CABALWET 3203 > b o-—
W R 2 —LnERBLEBYTBR7IIv 2 XAPFERTDH D
CrtEELTEN, Zonaryribo—NKYa2—2NDBREA
DHEISBEEMINITIINLEDERIIL>TWLIFEDER7
5y 7R EHARENBIELERLT W B,
Tnaryriro—nNRYz2—2EIEDTHEZ NI NIT.
EREN 77 v 7ARMAT. BREOANDT 5 v 7 A HR
5 it B,
ShERTERRE

!vHXdV=§ E!Vi.i.kHXdV

H

=I$fmlx(JUu)d”dt-!Sflnin(JU“)d”dt
+f5nmtx(Jvu)d6dz—!Sumin(Jvu)dfdz
#lsemer (JNWdEd1-Sscmia (JHu)dEdy (6)

¢ % 5,

11



fH L. SemaxsSeminsSomaxs SnmizsStmaxsOtminld FNEHE=
L —E L —EOHMREEET. |
HMBEBACSD WTLEKAROEBF L 2o,

BEd b, BHEAX—A1 k- CHEEMLFTAIE. HERR
EH L EIEDNRBEOMNIAFEL OMA - RBT 7 v 7 X
DHMIEZELL, BEHBEINLBRIEBWI—FERBELAS
L e b, b, ANEFBRESNLIDLITH B,

T, BEAF—L2HWEILIZL). HELE R
EESh., BOBE B ET 52 Li2% 5,

3. RME

BRHEGREOFTELABRTHE, AEOEAIE 20 T
1. BRNBEBCRENZ IV FALIEFEEE2HE S
—EERABOMARAEMBIT .

3-1. % E 0 # &

BHZXFy 7(+DORERZE-4. R (4. 1)-(4.3)E % 5,
CRMEABHEKTH Y. c* e c"RENZ AU V. D IEE
BTHh s, £-4. RU@4.DIZc*,c", ¢c"DEERZRT . BEFE
BRREXZIAVERAOIMBLERFE&AZAL24ATO
5.
3-2.ARMITANLF —k, TRAALF— K& ¢ ORAKR

Az ArFF—koBEHNRNZER-4. X(4.10). =T XNV ¥ —

12



Table 4.1 Relaxation Equations

13

RELAXATION EQUATIONS FOR VELOCITY COMPONENTS

t+1. .n+1 =8,.0+1 Ul
Ui, j, &= Uj, j, et0"C
L+1.n+1 —Ln+1 L' 4
Vi, j, k= Vi, j, «*0°C
s+l n+1 —lon+1 S AW
Wi, i, &= Wi, j, «e¥0°C

Correction Values

c'=(xeeVl'+x,e¥ +xe1*)/{1+(8t/] 4, 5, )PVT:, 5, &}
c'=(yeebli+y,eVIi+y,e"I*)/{1+(At/] ., 5, «)PVTL, 5, o}
c"=(zee"I'+z,eV 1 +z,e"1*)/{1+(At/] 1, 5, «)PVTy, 4, i}

Error Values of Contravariant Vector Components
eU=t,e"+t,e"+f,e”, eV=1.e"+1,e7+1.e", e¥={ e +{,v"+{.e"

Error Values of Velocity Vector Components

eu=_zun+1+up+(At/J)!v{_zp:+1_1Hxn+1+zqu+1}dv
ev=_tvn+1+vn+(At/J)Iv{_¢p;+l_tHYn+1+tFYa+1}dv
ew=_twn+1+wn+(At/J)IV{_lp:+‘;tHZu+1+tFZu+1}dv

Definition of I', I, and I*

If a surface of the control volume coincides with the boundary:

I1'=0 (constant { surface),
I1'=0 (constant 7 surface),
I*=0 (constant { surface),

(4.1)
(4.2)
(4.3)

(4.4)

(4.5)

(4.6)

If a surface of the control volume does not coincide with the boundary:

I'=1 (constant ¢ surface),
Ii=1 (constant 7 surface),
[*=1 (constant { surface),

(4.7)

13
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Table 4.2 Relaxatioh Equations (Continued)

Diagonal Term of Coefficient Matrices of Simultaneous Equations

for u, v, w, k and ¢

PVTy, 5, «

=[{J”'(GG)}1'5-k+{J”t(GG)}1+1,j,k]I‘+1/’/2

+[{Jyt(GG)}1,j,k+{Jyt(GG)}i_1'”k]Ii—l/z/z

+({Jv  BED}u, 5, o+ {Jv  (EED} 4, sua, o )JIP*1 7272

+({Jv'(EE)}i-5-k+{J”t(EE)}i.j-1,k]Ii-l/2/2

+({Jr e (CO} o, 5. eIy (COY i, 5. war)I**172/2

*({Iy e (COYi 5. eIy (CO} i, 5. x=a)I*717072 (4.8)
~ (cf. egs. (2.23) in Table 2.1)

I1£f{(i£1/2).GT.0.and. (i£1/2).LT. imax} I'*!7%=1

[£{(i-1/2).LT.0} I'7*/*=0. 1f{(i+1/2).GT.im.s}1'*!72=0. (4.9

RELAXATION EQUATION FOR k
n+l an+1l

y § -l
ki, g ="k, gk

*wk["‘ku+l+ku+(At/J)!v{-lHKn+1+‘FKB+1ldV+At{‘V:+IS“+l-len+l}]i,j,k
{1+ (At/] 0, 1, D (PVTy, 4, o/01)} (4.10)

RELAXATION EQUATION FOR e

L+1 n+1

n+l1_¢
SR P

i, §, x
+m-[_zeu+1+€n+(At/J)!v{_lHEu+1+1FEn+1}dV+At{Cllen+1 lvg+lsn+1/lkn+l
_cz(len+l)2/lkn+l}]i' i x

/(1-At{c *yi*t Se*t/tkm* =g tem ke (At / ), 5, ) (PVTY, 4, o /02))  (4.11)

RELAXATION EQUATION FOR PRESSURE

L+1,.0+1 _lan+1l
Pi, i, x= Pi, i, &

+0?([v{piit+psy +piti=(ui+vi+wi)/At

-(-HX:*‘-HY;*‘-HZ:*T+FX:*‘+FY§+‘+FZS*‘)}dV]1,5.k/PVP1,,,k (4.12)

where 0®,0%,0%, 0° are over/under relaxation factors.
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START

Input Coordinates,
Values of nodal points
Set initial values, n=0

=

Boundary condition of
u Vv, w, k, and ¢

1
l+lFXn+l’l+1FYu+l'l+1FZn+l

t+lgya+l S+lfgyn+l S+ig7a+l
? 1]
|

UV, % D

|

a+l L+l,,a+l s+l o+l
’ v ’ w ’

1+l
u

t+1a+l
p*,

|
felpge+t, SFIfKa+t

ttlFEn+x l+lHEu+l
| ]

|
Teipasl 841 oael
1

v‘=co<l¢1kn¢x)z/ l+le a+l

& 6 e 6 ©

Au, dv, dwler(u)
dp<er(p)

es
y Ak<er(k)
Aeler(e)

Steady state!
yes

no

no

(D Diffusion term and convection term of momentum egs.
cf. egs. (1.7)~(1.9), (1.13)~(1.15)
@ Generation term of Poisson eq.
cf. egs. (3.2), (3.4), (3.5)
@ Relaxation of u, v, w and p
cf. egs.(4.1)~(4.6), (4.12)
@ Diffusion term and convection term of k and €
cf. egs. (1.17), (1.18), (1.21), (1.22)
® Relaxation of k and ¢
cf. egs.(4.10), (4.11)

Fig. 1 Flow chart of time marching procedure
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a quarter
portion of
spacs for

(a) Plan of a gymnasium and quarter
area used for simulation

0.45a/s
inlet No.3 <

slot outlet
=~No.3 2.2m/s

slot outlet
Nao.2 (.8m/s

3lo§ outlec
= __No. {
Arena l. 7m/s7,;$

29m

O.lm/s

‘ inlec
)——x No. ™355
Z (b) Positions of the supply opening
and the exhaust opening

Fig.2 Plan of gymnasium and arrangement of supply
and exhaust openings
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ZE S 1.0n, RELAFRBERIRBZEEL On/secTEATIL L
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Table 5 Boundary and Calculation Conditions of Gymnasium Model

Supply outlet 1 : u"=1.7, u'=0.0, k=0.043, {=0,08

Supply outlet.2 : u®=1.8, u‘'=0.0, k=0.049, !=0.12

Supply outlet 3 : u®=2.2, u'=0.0, k=0.073, !=0,12

Exhaust inlet 1 : u®=0.1, u', k, ¢: free-slip

Exhaust inlet 2 : u®=0.1, u'=0, k, ¢: free-slip

Exhaust inlet 3 : u®=0,54, ut, k, ¢ : free-slip

Wall boundary (wall, seats, floor, ceiling): m=1/7

Imaginary boundary (two cut-out sides of the quarter portion of the space)
: free-slip

Wall Bounary (at nodal points, i=1, 4, 17, 19~21, 23~25, j=1, k=1~11)
: u=0, v=0, w=0

Time increment : At=0.1

Distance between physical wall and computational boundary : h=0.05

Relaxation factors (in the vicinity of the exhaust inlet)
P 0®=0"=0.5, 0*=0°'=1.0

Relaxation factors (in the other region) -

‘ P 0®=0°=1,0, 0*=0°=1.0

x Representative values for normalization : Uo,=1.0 m/sec, Lo,=1.0 m/sec

j=24

i=1
j=1

=24

b—r: i=41 |
Fig.3 Grid layout of x-y section (40X23X10)
(z=0, center section)

TyIalb—varsffi). BE-5LEREGLHFERMEZ T
T. B3 RBEEDPZY vy FHBTH 2, ERFER (F-
DPLLFPEEIR. ABRHERZ) y FEHICERS %
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Fig.4 Velocity vectorsm“”mm .
(u+v) (z=0. center line)
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(b) € (X1079) =N

(c) v, (x1072) SN S—

Fig.5 Turbulence properties (center section)
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(c) 2500 secon&s

Fig.6 Time-serial streaklines
based on averaged flowfield (full space)
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NOMENCLATURE
X, Y., 2z : physical or Cartesian coordinates
¢, 1, ¢ : computational coordinates or
generalized curvilinear coordinates
u, Vv, W ! X.Y,2 components of the velocity
vector
g, Vv, W : components of the contravariant
vector of velocity
p : kinematic total mean pressure
(usually defined as (p/p+(2/3)k],
where p is density)

k . : turbulence kinetic energy

¢ ‘¢ turbulence dissipation rate
Ve : eddy kinematic viscosity
! : length scale of turbulence
geen : tangential velocity component

parallel to the constant { surface
in the direction of the {-curve
(namely, tangential component
parallel to a curve with constant {
and constant 1)

h : distance between computational and
physical boundary surfaces
R : partial derivative with respect to

independent valuable a
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