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The reduction of pressure loss and wake in a low-pressure turbine test rig containing turbine exit guide
vanes (TEGVs) with laser-processed riblet surface were numerically and experimentally investigated.
Riblets are streamwise grooved surfaces which reduce the viscous drag in a turbulent boundary layer,
similar to shark-skin. An optimized riblet design was calculated by computational fluid dynamics (CFD),
and the designed riblets were laser-processed directly onto the suction side of steel TEGVs. The TEGVs
with and without riblets were installed on the test rig, and the effect of the riblets on the flow were
measured. Pressure loss around the TEGVs was reduced by 6.3%. This result shows the benefit of laser-
processed riblets directly fabricated on 3-dimensionally curved parts, such as gas turbine blades, which
operate at high temperature.
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Fig. 1 Eddy-wall interaction without and with riblets.

The flow is in the depth direction of the paper.
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Fig. 2 Drag reduction effect by riblets with various cross
section. The number s* is a dimensionless riblet
size.
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Fig. 3 Experimental turbine test-rig facility of STTF-AAAI
and its TEGV section.
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Fig. 4 Scheme of riblet design process and correlation
between simulation and experiment.
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Fig. 6 Assumed riblet cross-
section in CFD.

Fig. 5 CFD domain.
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Fig. 7 Display of distribution of physical quantities by a
single section of TEGVs. TE is a trailing edge of
TEGV.
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Fig. 8 Comparison of the past experiment and the baseline
simulation results without riblets by unsteady-state
LES (MM) and steady-state RANS (MPM).
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*I Large-Eddy Simulation.
* Reynolds-Averaged Navier-Stokes.
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Fig. 9 Validity of the steady-state RANS (MPM) simulation

(solid lines) compared to the past experiment (dot-
ted lines).
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Fig. 12 Riblet design (suction side) obtained by CFD.
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Fig. 13 Laser processing on the surface of TEGV using a
development tool with green pulsed laser beam.

Fig. 14 (left) TEGV (suction side) with lasered riblet.
(right) A microscopic profile of lasered riblet
sample.
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Fig. 16 Configuration of the trailing-edge probe.

Table 1 Measurement uncertainties of the five-hole probe

(left) and the trailing-edge probe (right).

Uncertainty,
+

Uncertainty,

Flow variable Flow variable

Mach number 0.002 Pressure total 28 [Pa]
S total 35 [Pa] static 28 [Pa]
static 63 [Pa] Velocity |absolute| 0.60 [m/s]
total 60 [K]
Temperature -
static 80 [K]
pitch 0.70 [deg]
Flow:angle yaw 0.70 [deg]
absolute 0.90 [m/s]
Velocity axial 0.90 [m/s]
radial 0.90 [m/s]
circumferential | 0.90 [m/s]
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Fig. 18 Difference in velocity profile (wake) between with-
out riblets and with riblets measured by trailing-
edge probe.
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Fig. 19 Schematic concept of assumed effect on the flow
velocity and direction by riblets on SS (suction
side).

Table 2 Reduction of pressure loss between Plane C
(before TEGV) and Plane D (after TEGV) by
riblet: (top) Area-weighted, (bottom) Mass-
weighted.
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Total pressure loss AP
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