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Fig. 1 Secondary � ow vectors and axial � ow contours (w/w0) in
different aspect ratio channels. Re = 2.5 104, Ro = 0.5, and z0/
D = 10.
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Introduction

A STUDY of heat transfer and turbulent � ow in rotor blade
coolant passages of different practically important aspect

ratios is presented. The dif� culty of collecting such data in the
laboratory has led us to perform numerical experiments. Five
different aspect ratios of the coolant passage are selected to
cover different regions of a turbine blade. The leading edge of
a blade has more space to accommodate a low aspect ratio
coolant channel and the narrow trailing edge can have a high
aspect ratio coolant passage.

Most earlier numerical work about rotating channels used
either simple � ow models (some of them inviscid models) or
parabolic methods for unheated channels.1 Recent work on
heated channels by Prakash and Zerkle2 and Tekriwal3 included
thermal buoyancy effects in the momentum and predicted heat
transfer results with a high Reynolds number k- model ob-
taining reasonable qualitative agreement with experimental
pro� les of local Nusselt numbers.

Mathematical Model and Conditions
A two-equation turbulence model with rotation-modi� ed tur-

bulence terms1 are used. We have used a Boussinesq approx-
imation for our analysis in which the density is constant except
in the rotational buoyancy terms. Since � ow Mach number is
less than 0.1, compressible effects in the energy equation are
neglected.
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The rotational buoyancy and Coriolis-generated turbulence
production terms in the k- transport equations,1 Pb and Pc, are
taken as

T wt 2P = r , P = 9 (1)b z c t
Pr z xt

The buoyancy production term Pb arises from a Boussinesq
approximation of the velocity– temperature cross correlation.4

The Coriolis-modi� ed term Pc is from Howard et al.5 In gen-
eral, Pc is positive near the trailing wall and negative near the
leading wall. A positive Pc increases turbulence and a negative
Pc suppresses turbulence.

The channel hydraulic diameter D is 6 mm for all aspect
ratio channels. The aspect ratios, as shown in Fig. 1, are AR
= 1:4, 1:2, 1:1 (square), 2:1, and 4:1. The mean rotating radius
R is 50D. The coolant is air at 30 atm. The inlet coolant tem-
perature is 900 K and the surrounding heated surfaces are at
1200 K in the heated test section. The density ratio (DR =
1 w/ in = 1 Tin/Tw) obtained is DR = 0.25. The channel
is rotated at 10,000 rpm. The Reynolds number (Re = w0D/

, based on the D and inlet conditions) is varied from Re = 4
104 to 1.5 104 to give rotation numbers (Ro = D/w0) of

Ro = 0.3, 0.4, 0.5, 0.6, and 0.7. Other nondimensional param-
eters used are rotational Grashof number (Gr = 2 2R (Tw

Tin)D
3/ 2), Nusselt number (Nu = hD/Kair), and Nu for fully

developed turbulent pipe � ow (Nu0 = 0.023Re0.8Pr0.4). In the
previous de� nitions, is the rotation speed, h is the heat trans-
fer coef� cient, and w0 is the mean channel � ow velocity.
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Fig. 2 Effect of rotation number on Nusselt number ratio at se-
lected axial locations.

Results and Discussion
Figure 2 shows the effect of rotation number on Nusselt

number ratio at selected axial locations. Data of Wagner et al.,6

Han et al.,7 and Guidez8 are included for comparison. Wagner
et al.6 and Han et al.7 used square rotating channels, and Gui-
dez8 used a 2:1 aspect ratio rectangular channel. The axial
locations of Wagner et al.6 are z0/D = 4.7 and 8.5, and for Han
et al.7 the locations are z0/D = 5 and 9. Whereas the axial
location of Guidez’s8 data is z0/D = 7.4. Results show that the
trend in the existing experimental data may be used to estimate
the coolant channel performance in the real operating condi-
tion. Results show that high aspect ratio channels show less
effects of rotation on the heat transfer pattern from the leading
and trailing surfaces. Whereas, the low aspect ratio channels
show a wider difference between the Nusselt number ratios
from trailing and leading surfaces. The trailing wall of 1:2
aspect ratio channel shows the highest Nusselt number ratios.
However, the variations of this surface Nusselt number ratio
is not smooth with rotation number. The trailing surface Nus-
selt number ratio is in general higher than the leading surface
Nusselt number ratio. Coriolis force shifts the axial momentum
from the leading to the trailing side and that shift increases the
axial � ow velocity near the trailing wall. Moreover, rotation
redistributes the turbulence favoring heat transfer enhancement
from the trailing wall.

Figure 1 compares the secondary � ow vectors of square and
other aspect ratio channels at z0/D = 10. Predictions of Dutta
et al.9 are compared with the present analysis. Dutta et al.9

predicted the � ow conditions of Wagner et al.6 (Re = 2.5

104, Ro = 0.24, DR = 0.22, z0/D = 9, and Gr/Re = 9 103).
The prediction of Dutta et al.9 was based on coolant air at 10
atm, at an inlet temperature of 300 K, and the rotation speed
was 575 rpm. The present analysis is for simulated engine
conditions with a higher rotation speed of 10,000 rpm, the
coolant is at 30 atm, and the inlet temperature is 900 K. The
vector plot for z0/D = 10 of the present analysis is different
from the � ow structure of Dutta et al.9 and the secondary � ow
is from trailing to the leading surface, which is opposite to the
direction of the Coriolis force. This reverse secondary � ow
vortex indicates that the buoyancy effects (proportional to 2)
are stronger than the Coriolis effect (proportional to ) in this
analysis. The contours in the plots are for the axial velocity.
The plots show a strati� ed axial � ow distribution in the chan-
nel with positive radial outward � ow velocity near trailing sur-
face and reversed radially inward separated � ow near the lead-
ing surface.

Note that for this study, the direction of the secondary � ow
does not have a signi� cant impact on the heat transfer. Figure
2 shows that the trailing side heat transfer coef� cients are
higher than the leading side heat transfer coef� cients at all
locations. Since the magnitude of the cross� ow is less than 5%
of the main � ow in the core, the effect of secondary � ow
direction is not prominent in heat transfer coef� cients. The
Nusselt number ratio is more dependent on the increased bulk
� ow and turbulence enhancement near the trailing side.
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