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Abstract. Cooling methods are needed for turbine blade tips to ensure a long dura-
bility and safe operation. A common way to cool a tip is to use serpentine pas-
sages with 180-deg turn under the blade tip-cap taking advantage of the three-
dimensional turning effect and impingement like flow. Improved internal convec-
tive cooling is therefore required to increase the blade tip lifetime. In the present
study, augmented heat transfer of an internal blade tip with pin-fin arrays has been
investigated numerically using a conjugate heat transfer method. The computa-
tional domain includes the fluid region and the solid pins as well as the tip regions.
Turbulent convective heat transfer between the fluid and pins, and heat conduction
within pins and tip are simultaneously computed. The main objective of the present
study is to observe the effect of the pin material on heat transfer enhancement of
the pin-finned tips. It is found that due to the combination of turning, impingement
and pin-fin crossflow, the heat transfer coefficient of a pin-finned tip is a factor of
2.9 higher than that of a smooth tip at the cost of an increased pressure drop by less
than 10%. The usage of metal pins can reduce the tip temperature effectively and
thereby remove the heat load from the tip. Also, it is found that the tip heat transfer
is enhanced even by using insulating pins having low thermal conductivity at low
Reynolds numbers. The comparisons of overall performances are also included.
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1 Introduction

Numerical simulations are effective means to investigate the details of fluid flow and
heat transfer characteristics resulting from augmented surfaces. During recent years,
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application of so-called Computational Fluid Dynamics (CFD) techniques to predict the
flow field and heat transfer coefficient distribution in turbomachineries has attracted
many researchers [1-6]. For examples, Hwang et al. [1] predicted turbulent heat trans-
fer in a rotating two-pass channel using a modified two-equation k — ¢ turbulence
model. Chen et al. [2] calculated the 3D flow and heat transfer in a rotating two-pass
square channel with smooth walls or 45° /60° angled ribs by a second-moment closure
model and a two-layer k — ¢ isotropic eddy viscosity model. Iacovides and Raisee [3]
computed fluid flow and heat transfer in 2D rib-roughened passages using modified
low-Re differential second-moment (DSM) closure turbulence models. Nonino and
Comini [4] computed 3D laminar forced convective heat transfer in ribbed square
channels by using the velocity-pressure coupling algorithm SIMPLER. The work was
based on the finite element method. Jia et al. [5] and Sunden et al. [6] numerically stud-
ied turbulent heat transfer and/or impingement cooling in rib-roughened ducts using
the in-house code CALC-MP. From the above-mentioned references, it is indicated
that heat transfer and cooling in gas turbine channels might be predicted effectively
by CFD simulations with various computational approaches.

For turbine blades in particular operation, the hot leakage flow results in high
thermal loads on the blade tip. It is therefore essential to cool the turbine blade tip
and the region near the tip. A common way to cool the blade tip is to adopt internal
cooling by designing serpentine (two-pass, three-pass or multi-pass) channels with
a 180-deg turn/bend inside the blade (as shown in Fig. 1). Taking the advantage of
impinging and turning effects, the tip can be cooled to some certain extent. Conse-
quently, augmented internal convective cooling is required to increase the blade tip
life. Fortunately, it is well documented that many augmented devices, i.e., fins, ribs,
pins, dimples, can be used to improve the heat transfer significantly. Many previous
investigations have proven that pin-fins can improve the cooling in low aspect ratio
channels for gas turbines, typically at the trailing edges. The application of pin-fins
has received considerably attention for enhancing heat transfer in cooling channels,
e.g., turbine blades, heat sinks, compact heat exchangers. Metzger et al. [7] studied
developing heat transfer in rectangular ducts having short pin-fin arrays. They found
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Figure 1: A typical serpentine passage inside a turbine blade.



