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Abstract

An experimental investigation of the compound cooling technique in the internal cooling
channels was conducted. Internal cooling channels of the gas turbine blade were usually implemented
with heat transfer enhancement technique to improve cooling effect. Compound cooling technique was
achieved by combining more than two different heat transfer augmentation methods, such as
impingement cooling, ribs, pin-fins, or dimples. The objective was to have higher heat transfer and
lower pressure drop than the traditional heat transfer enhancement technology. Reynolds number was
from 10000 to 40000 in the current study. Angled ribs and short pin-fins were combined in an
equilateral triangular-shaped cooling channel for heat transfer enhancement study. Configurations of
ribs with pin-fins were either inline or staggered. Results showed that inline and staggered
arrangement had similar channel averaged Nusselt number ratios. By the compound cooling technique
with ribs and pin-fins, Nusselt number ratios inside an equilateral triangular cooling channel were
about two times higher than the smooth case. There was no significant difference between the current

configuration and the commonly used 45 degree angled ribs.

Keywords: Heat Transfer, Gas Turbine, Internal Cooling Channel, Rib
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HEAT TRANSFER IN TRAILING EDGE WEDGE-SHAPED PIN-FIN CHANNELS WITH

SLOT EJECTION UNDER HIGH ROTATION NUMBERS

Akhilesh P. Rallabandi Yao-Hsien Liu
Turbine Heat Transfer Laboratory Mechanical Engineering Dept.
Mechanical Engineering Dept. National Chiao-Tung University
Texas A&M University Hsinchu
College Station, TX 77843-3123 Taiwan 30010
akhlsh@tamu.edu yhliu@mail.nctu.edu.tw
ABSTRACT Cp Discharge coefficient, Eq.1

The heat transfer characteristics of a rotating pin-fin rough-
ened wedge shaped channel have been studied. The model in-
corporates ejection through slots machined on the narrower end
of the wedge, simulating a rotor blade trailing edge. The copper-
plate regional average method is used to determine the heat trans-
fer coefficient; pressure taps have been used to estimate the flow
discharged through each slot. Tests have been conducted at high
rotation (= 1 ) and buoyancy (= 2) numbers, in a pressurized
rotating rig. Reynolds Numbers investigated range from 10,000
to 40,000 and rotational speeds range from 0-400rpm. Pin-fins
studied are made of copper as well as non-conducting garolite.
Results show high heat transfer coefficients in the proximity of
the slot. A significant enhancement in heat transfer due to the
pin-fins, compared with a smooth channel is observed. Even the
non-conducting pin-fins, indicative of heat transfer on the end-
wall show a significant enhancement in the heat transfer coeffi-
cient. Results also show a strong rotation effect, increasing sig-
nificantly the heat transfer coefficient on the trailing surface - and
reducing the heat transfer on the leading surface.

NOMENCLATURE

A, Cross section area of channel

As;  Smooth (projected) area of copper plates, Eq.3
A; Total (wetted) area, Table 1

Bo Mean buoyancy number, Eq.6

Je-Chin Han
Turbine Heat Transfer Laboratory
Mechanical Engineering Dept.
Texas A&M University
College Station, TX 77843-3123
jc-han@tamu.edu

D Hydraulic diameter of channel, 4;‘,“ =22.16mm

d Pin-fin diameter = 4.6mm

Gr, Local Grashof Number, % (&)
X

p

h Heat transfer coefficient, W/ m*—K

kqir  Thermal conductivity of air

Ly Length of slot = 19.05mm, Fig.4

my Local mass flow rate, kg/s
Nu Nusselt number
Nug Nusselt number for smooth

duct, Eq.7

Nug  Nusselt number based on exposed area, Fig. 12(b)

Nu, Measured Nusselt number
Reynolds number.

P Channel perimeter

P, Slot pitch = 25.4mm, Fig.4

Pr Prandtl number

q Heat dissipated by heater, W

Re Reynolds number in channel

Re,,  Local Reynolds number

for stationary case at same

at inlet

Ro, Local rotation number, Eq.4

Sy Streamwise pin-fin spacing, Fig.4

Sy Spanwise pin-fin spacing, Fig.4

t;  Thickness of slot, = 1.6mm, Fig.4

T; Test section inlet temperature, 22 deg C
Ts Local bulk mean temperature, Eq.3

T, Local wall temperature, Eq.3
V Inlet velocity, m/s
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