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Abstract

This paper assesses the prediction performance of explicit algebraic stress and heat-flux models for
reduction of heat transfer coefficient in a strongly-heated vertical tube. Two explicit algebraic stress models
and four explicit algebraic heat-flux models are selected for assessment. Eight combinations of explicit
algebraic stress and heat-flux models are used in predicting the turbulent gas flows with intense heating,
which yields the significant property-variation. The results showed that the two combinations of GS-AKN and
WIJ-mAKN predicted the Nusselt number and the axial wall temperature variations well and that the
predictions of Nusselt number with WJ-combinations spread in a wider range than those with GS-
combinations. WJ is the explicit algebraic stress model of Wallin and Johansson and GS is the model of
Gatski and Speziale and that AKN is the explicit heat-flux model of Abe, Kondoh and Nagano and mAKN is

the modified AKN.
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A.1 Explicit Algebraic Stress Model
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Gaski-Speziale (GS)
pu, =% pks, =244 (S, ~48,5,)
+(a4/w)(sikaj +Sjkai)
—(a5 /a))(S:kSkj "%SkISu&y' )]

3(1+772)a1
3+ + 6178 + 67

' =(a/o')(5,S,) & =(a/a®)(W),)

a, =(2"C’3)2 (g2/4), & =(2—C4)2(g2/4)

2-C
a4=( 5 “Jg, as=(2-C;)g

# = PC, (klw), C, =

g=1/(C1/2+C5—1)
¢ =3, C,=08, C,=175, C,=131, C,=2

Wallin-Johansson (WJ)

ﬁﬁ = ﬁk{%d, +f1:617(Sij _%Skkdy‘)"'rzag}

3B, -4
max(]]s,llg")

(1_f12)Bz
2 __ sy
+[fi B 2 max (]Is,H;q) (Sileg +Sjkai)

r=max(k/g,C,J14_8)

4y =(1_f12) (Sikskj _%11359)

6 N 6 1
b= 5 N? -2l hi= 5 N =21,
Iy =788, Iy =1W,W,,

I =405c] [(216¢, —160)

N=

c/3+(R+yB)" +sign(B~E B -JE
i/3+2(B2~B)"" cos(areos( R/ FT=E)), P, <0

B =(q?[27+% 1 -3, )c|

1

3
LB, 20

PB=B (2 [9+ I +2 11,

o =3[ & 1+ Cp max(1+ B 11,0) |

B =—$N“J((N*Y* =211,), N* =3¢,
fi=1-exp(=C;1[Re, ~C}sRe;)
C.=60, ¢ =18, B,=18

C!, =2.4/26.0, C., =0.003/26.0

A.2 Explicit Algebraic Heat-Flux Model

Explicit algebraic heat-flux model (EAHFM)X
EASM 3 sld7bA 2 43 AR =g AolHwst
g5t ol& T57] AN k-5, THREIL
AHge,
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LEATAUA $RA

J( ; ) 6[l+l/ah)ak]+pP PE,
24504 A 24HE 9 A
()0 [(4+4/o) ee]
+pCP1fP1 2k 2P, - PCszpz
)

~2

+PC01fD| k pCmez +pE
)

o714
EAHFM & Ald3871908] AH88 & —¢, BRI
AHEE e RYPNTEE EAHFM 9 EH
wa} Table Ad-A6 o] VERI QL)

Abe-Kondoh-Nagano (AKN)

oy ChT,,
U, —1+1 2( 2
322 (c3S,S, + W, w,)

X {—é'j, +7, (csSj, +eW) )} uu,0,0

7, =(k/€) fu [ 1o T,

2R 2
Ja= ROV b,b,

0.5+R
24 (2RY)" Re "
ﬂl_HRef/“ij;(-f;) CXP[_(w) ]
£, =1—fw(26)
=6,/3, R=(k,/e,)/(k/¢)

;= Ul /2k
By
=Cry =Gy, ¢ =Cry+Chy

& =£,-D, °11 P=-u6,® °lth

s e

ey

Suga-Abe (SA)
uj_ﬂ = —cekz'(ajk +ajk)6k®

=C,00, +C, YUY /k+cc,2 U U, /k

a, =c,gtW, +calf(W;k ;E/k+W u uk/k)

K7
¢ =0.38/{1-exp(~Re, /100)}"*
€0 =0 ¢, =02£,+0.1f, cp=1-f,~f,

€, =0,

0.5
cal =(l_fPr){ l+5g§AZ§

0.02 2
_mexp[—(é’ﬂQ) ]}

for =[1+(Pr/0.085)*T"

fo=(= £, exp[ =(¢/22) ~(2,/03)']
O S

t=c oSS, TN

f, =[1-exp{~(Re,70)")]

Kenjeres-Hanjalic (KH)

0 == (u4,0,0+£u,0-0,U, +21g,fk,)

t=kle, ¢*=02, £=06, n=06

C,=0.1, C,=0.18, C;;=0.02
Table A1 Model constants for £k — & model
Model C, C, C, o, o,
GS 0.088 C,-x*[o.\C, 1.83 1.0 13
wJ 0.09 1.35 1.80 1.0 1.3
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Table A2 Damping functions for K —& model

Model / “ f1 fz
I:l —exp (— y* /6.4)]2

1-0.22exp(- Re? /36)

Gs 1 1
wJ 1-exp(-0.0115y") 1

Table A3 Extra terms and model features for kK —¢& model

Model D E Dissipation equation BC for & atwall
GS 0 0 £ : 2v(avk /ay)2
wJ (2vk/y2)exp(—0.04y+) —(2V£/y2)exp(—0.5y+) § 0

Table A4 Model constants for k, —&, model

Model C C, Cp, Cp Co, o, o,
AKN 0.1 1.9 0.55 2.0 0.9 1.8/[1+5.0£,(5)] 1.4/[1+4.01,(5)]
KH 0.09 1.35 1.80 1 1 1.0 13
Table A5 Damping functions for k, —&, model
Model /, Sr S I; I
AKN 1 1-£03) 1 1-£0) 194 -D)[1- £, (1)]/Cn
KH exp[—3.4/{l+(Re,/50)Z}] 1 1 1 1

where f, =1-0.3 exp[—(Re, /6.5)2] > £, (4)= expli—(n'/A)Z:I and n" = (vg)m y/v

Table A6 Extra terms and model features for &, — g, model

Model D, E, &, equation BCfor & atwall
2
AKN 0 0 & 20(0,[2k, [oy)

KH a0k, foy)  200,(0°T/oy) g, 0




