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Effect of Cross/Parallel Rib Configurations on Heat/Mass Transfer
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Abstract

The present study investigates the convective heat/mass transfer inside a cooling passage of rotating
gas-turbine blades. The rotating duct has various configurations made of ribs with 70 ° attack angle,
which are attached on leading and trailing surfaces. A naphthalene sublimation technique is employed
to determine detailed local heat transfer coefficients using the heat and mass transfer analogy. The
present experiments employ two-surface heating conditions in the rotating duct because the surfaces
,exposed to hot gas stream, are pressure and suction side surfaces in the middle passages of an actual
gas-turbine blade. In the stationary conditions, the parallel rib arrangement presents higher heat/mass
transfer characteristics in the first pass, however, these characteristics disappear in the second pass due
to the turning effects. In the rotating conditions, the cross rib present less heat/mass transfer
discrepancy between the leading and the trailing surfaces in the first pass. In the second pass, the
heat/mass transfer characteristics are much more complex due to the combined effects of the angled
ribs, the sharp turning and the rotation.
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Fig. 1 Schematic diagram of experimental apparatus

Axis of Thﬂon

positive rib angle negative rib angle

(a) Leading surface

| 7 <:] Flow , @__ﬂ <:] Flow

positive rib angle negative rib angle

{b) Trailing surface
Fig. 3 Definition of rib angle in each surface

2 Jehith, $Z7] )% duirE Ay 49
gt FAE eod: f3A% EdAY ANE
A 87 dEZ f4dch AW ¥ A4
N717) 95 FAEET AAE S §

of 02% o] e zdo| sHssich AUA
25 210& FAs7] AsAM ZFA Hol a7 g
3 oA d(ron-Constantan)?} Ax)5lo] it} <9
guzst Zay AFel 247 & sle AHUES

AAsgon vzad U 2=g ZAH
st Ayt A5d vz Ag AH o
zZtzh g A AxHe gtk Mg wtiEo
AA R ice-bathete) ALA7 £7 B(slip ringy&
Zad R ¥y HE|ME|(digital multimeter;
Keithley model 2000)°ll <123}l #h& dojwltt
Fig. 25 3ol Axd AgAde M=z
FejE vehyis 2otk A3 AdelA A
e A AW (leading surface), FFH

A W(trailing surface)©]Th.  wepA, ER
J=o 3)Adteky} ABAT|H dAHL HRl
129 E¢HA(suction side), $HHL ¢&Ed
(pressure side)oll sj@3dich A Ady FRE
1220 mmx 40 mm)S} THE(Wx HE A F
HA Dy 2667 mmoth,  FHAA ¥ 7t
Ho] o FAANARD)E 21.63, THAZA oy
Ve ZHo|(LD)E 124809 F Ao
ey Fge] WS 037500

Fig. 19 AAE 23 Zo] $3715 B34 &

>~

L rlo o
oo l@ e

te mr (2 o off
o O

hr)

F9: S5L HHYEY A% oz ¥R
o TURE AW A AF AYS A Ire
g2t ow AY wrel ¥AW eFe I

3700 o 82 AR AAR ok 8

5
A WX )2 3 mmx 2 mmo|H, 8H 1 QHA}
ol9] ZFA(pitch)yE LAHEo)9 7.58(ple)oirt. £
AN 2 HelMe 52 Reynolds &
20,0002 A8l A& YUt A
Rotation &= 0.12 1A o, ol IAFE=
ok 410 rpme]t}.

oA e Adds FaAdA g4 #f
4 WAAZNEA AEE FYEAY. g
ANL-E eFslA ®718H7]1 8t Fig. 39
A AgH vie} Zo] 2™y FREFH FE4E 4
e EAZ EAHO itk ole FhREH &4
o] 2EZ) wg FAdH oA RE A W
A S2 A9, 9 adx 397 [dd, 39
FHEd 839 FEZ4S Jehdth 93-S #
U] A olAtES LA oy
HEA A dbake] olarE S WAAZIE 8H W
&S positive; p)oletn Aosta Al AEke]
o ZHFES HAATIE 23S E(negative; n)o] Tt
o Aoslgch. welA Fig 29 JER} glE Bt
o} Zo], AQdME AFoR HUE 2d-o &
@)Y E=Ztolx 502 A Aol &m)e



1252 o)A 4 -

s |eading surface
= = = = Trailing surface

(d) pnnp
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(b) Trailing surface
Fig. 6 Contour plot of Sh/Shy for nnpp at

Re=20,000 and Ro=0.0
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Fig. 8 Contour plot of Sh/Shy for ppnn at

Re=20,000 and Ro=0.0

(b) Trailing surface
Fig. 7 Contour plot of Sh/Shy for nppn at

Re=20,000 and Ro=0.0
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(b) Trailing surface (b) Trailing surface
Fig. 11 Contour plot of Sh/Shy for nnpp it Fig. 13 Contour plot of Sh/Shy for ppnn at
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Fig. 12 Contour plot of .Sh/Shy for nppn at Fig. 14 Contour plot of Sh/Shy for pnnp at
Re=20,000 and Ro=0.1 Re=20,000 and Ro=0.1
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