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Optimal Design of Rib Turbulators in a Combustion Liner for Creep Lifetime Enhancement
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Dy, = hydraulic diameter (m)
e = rib height (m)
f = friction factor
h = heat transfer coefficient (W m~ K™
H = channel height (m)
[ = rib-to-rib length (m)
k.= conductivity of air
Nu = Nusselt number, 4D, /k,
p = rib-to-rib pitch, H+w
Pr = Prandtl number, uC, /k,
= determine R square
Rzadj = adjusted determine R square
Re = Reynolds number, Dy, u;, /v
Rt;r = lifetime ratio of new case to original case
t =time (Hr)
Ty = wall temperature (K)
up= passage inlet averaged bulk velocity (m s™)
w = rib width (m)
= channel width (m)
x; = design variable
= dynamic viscosity (kg m™ s
p = air density
v = kinematic viscosity (m? s
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o = stress
o, = rupture stress
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wt & wh: Rib width (Top & Botfom)
i
1

7\
T o rib pitch i

Fig. 1 Geometries of the circular cooling passage

Ht: Const: €: Rib height

Table 1 Ranges of design variables

Design Variables Lower Upper
X; ple 3.0 12.0
X wt/e 0.5 5.0
X3 e/H 0.01 0.06-
X4 wh/wt 1 3

HA e BAass 37 A% IF
B Be d7AE P REH 2FE3 47
H-Ee d7E 2 A Ad9" ¥4
247kl AARS7E dAg A% 2 4HA
A= %‘&"“’ TS B, Ade EXS 1
B A7e JPEHA °};J:‘4

u}a}}ﬂ 2 dATAE E-HFEA¥E J2
Kim** o o3} d79 A3 7]%'3?_] wEH 7Y
(Response Surface Method)S ©]-&3te], AA W
W o7kg 22 €49 2 ¥4 B4, 289x A9
Z(Creep)©] 45‘} FEE FANE F dE 2H
FAE Yol IdFE Y3

2. A 9y

2 ATNME F2 ZolE@7) 44.1mm ¢! 9F
oo d.FAMAS A% AL L2ZTEY
Fluent 6.3 & Al&3ld 2 219 FI712AE o] &3
e THSHAT dF 2L RNGke ZH° S
Abgstglom, ¥ Jlgteld] dAES 4] AL
3}7] 913} Enhanced wall function & A}-&3}% ).
A= nAE ARAAZ TP, ¥ 2
&% Tule] HEE NS Y ¥ 2x AR
= y7t 1.0 W7t HER ol$ 2 ARE

TAAY. AAZRALE 4F2x7) 700K, 227}
2o &g ddg 2 fF5 2AL 2,000Wm? 9

[e

° (‘

1,723K 2.2 93, %L Re=552,000 22 F¢]
o9, F7ES dF ZE(Turbulence intensity)
5%% AATR.

EE 439 A4S 3 FE AZEYAY
ANSYS 110 & AH83te] 3 A9 4 S F333l
. 471N AMRE AAZRACEZE 94 £33
el LES AEstY E8ES
Ao, HMd €589 2EZREH d%

< Mg, 4887 LEFHOEREH F
HE dESsth 974 AHeE AFL HdAl 4
A7) ASEE AH£5<] Nimonic 26372 AH-&3l9oh

2 dFdMe 98 AARNSY J3de FA
aHAA NSEHE 24 22Ysta 48]

A% A" 71EA BSW E0 S AR
wsd AR 4AEY 2 A 24 g Gae

QAo 2 A B9 Feig 23 glon, 7

e vA| dFEL S :1’1‘5-"—‘13 ko] Ik A 2
o WA Folr AA FHEAA wgHEE T4
st ed AERE 9] 93 APAYUSE
FH 74" ZH3 AAFES e A9 &
T FAEMe] FaE o Frh. E AFANE
Al 7Rel AAAe dig dE8AE 971 A3 D-
optimal 7| °& o] g3l 2Fe] 4 o] 3l

&
At gl A%l ois 20 A A
#atith

AAUFEE Fig. 1 3 Zo] WR# YZedA
FTLE AA A5 fdEole%t 2INARE
Al @ HAEAE FIHNRLH, HA7A
FE Eol(HE 44.1mm B mAsY. gz g
W] WeE Table 1 3 Zo] AR

/s AMHoEZRE T 4 ade 2%
9l F&ZAoTRE FJLIT ANSYS 2 AL3}
o d&gES TINe, 4 849 29 d&%
#Hzkd Creep-Rupture 23 o 2HE T3 2)
2RE $£4& 430

log(t) =10’ x f(c,)/T, —20 M
where f(c,)=alo,) +blo,f +co, +d
3.43 % E9

Figure 2 & 92j7kA] A4 84 5 23 Fol
A% TAEAY, HrdAE # B vF Ag
o] 54& vede 2ol Fig 2@t 83



ok

ot HUSSEX A 26 H 3% pp. 7-10

March 2009 / 9

©,
N

Aol FolAA o
w249 GAY B¥sF ey

s W 2 Q}WE AL
Hehhe 2

fo lo rfo
2 ofo L1
ot gy ol plo
2 fo Hu
}Eé"élﬂ =

ko
e -
Hir o
o M
)
i)
:i
EEZ

=
i

)

olN
N

e 3ome O v Hir ¥ dT Hir
;:9‘
e
ek
9, i)
a
o)
% o
2 ™
>
o3

s ® e eM=0005 |
_ 2000 - 2 S g | =eH=0022
g = /SN 7 | 2 eH=0.045
£ 1600 " & |
2 2 . : i
< 1200 | B |
] ' \
® 800
=
z
400
0 — ‘
0.000 0.005 0.010 0015 0.020
X axis(m)
(a) Local heat transfer distributions
20 60
8 1s0 o
Bt L S
= L B
S 48 - H4.0 'g
Z oo g
z F <
< 14 ‘ =L ek ® Jls0 B
2 4 PR Thie 3
5 LIPS b
€ 12 o J20 ¢
S g
z ® 8
10 0 =
~ #-- Nusselt Number Ratios 'S
~-e=- Friction Factor Ratios
: i i

0.8 i 0.0
0.00 0.01 0.02 0.03 0.04 0.05 0.08
Rib Height to Diameter Ratio (e/D)

(b) Avg. heat transfer and friction loss
Fig. 2 Effect of rib height on flow and heat transfer
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Fig. 3 Effect of rib pitch on flow and heat transfer

ekl T el
A2(Ple)St 23
5 o] AA Frtst

e AEH oY=

Fig. 4 <& Lifetime & ¥ ¥
o AiolA HXo], &F Afo
HEZ dol(wre)’t A&
A& B F Utk ®
A7F 20 4 W 7HE A Ao e
th ool e s BXE e o3 A4
FHvh ZHZ(Creep) THY A5 2= o

O,

3

2

o rir

w@%m

=
g0l

A #SH7) gEolu, el e Fe
LEZ A% dBFoR AV dgdelr] WE
otk ek Adwel ¥ UEhE pe o AR

F owre o WE 2#n 28 Aakre w2
#98 A 8 4 dvh oebd A5z 402
deNE Amel AN o 2 A= A%

A3 Wzgol AL E ook B,

i

4. 2E

B ATAE W3H VY e o §dte] dav]
B 28 P B AARE Arsie AT,
nhdA g, ARe] FHel UE 2 A weHg A4



ron

Fnd S5 X M 26 # 33 pp.7-10

March 2009 / 10

st HA dA ¥EF2E 238 Fo(e), 23N
w), 2AHNA(@P), LA (wwb)E AHBIAL
B F2 Ho|(H)E 44.lmm 2 FFHL Re=552,000
oz nARRT. ARHeR FxdGd Mg 2
AFE A= WFE 83 Fols 23 FeR
YElR T 5, 23 Folll Sl ugt A
st vt@ASEZ MG A ST 83 34
of e dF¥ere 24 wol ¥ 23 vl u
gt oA Aole UAJAR, 2FH Ale] At 8.0
A 10.0 Abolell A 7HE T gkl velgth o]
T AR AT AFFF fFUdo] 7 i

Loiiy] Wolet.

Fig. 4 Contour plot of lifetime by each variable
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