
MOTIVATION
Increasing turbine inlet temperature (TIT) is desirable for achieving higher jet

engine efficiency, and thus reducing specific fuel consumption and increasing
thrust-to-weight ratio. However, TIT is restricted by blades’ melting
temperature. Current study develops blade effusion cooling system using
optimization tool. Design is then validated via aero-thermal study in linear
cascade facility.

CONCLUSIONS
Overall, effusion cooling for nozzle guide vane/turbine is suitable in many applications,

and particularly fits micro jet engines where it has significant potential to increase TIT and
overall efficiency, while decreasing development cost.

FUTURE WORK
➢ Assembly and operation in test rig
➢ Durability and reliability experiments
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GEOMETRY OPTIMIZATION USING 
NUMERICAL SOLVER

In order to decrease coolant flow leaving the
compressor, the optimization objective is to
minimize mass flow rate ( ሶ𝒎𝒄) with respect to:
• hole diameter (𝑫𝒉)

• hole density distribution 𝑵𝒉
𝒉𝒐𝒍𝒆𝒔

𝒎𝟐

• channel width 𝑾

Constraints are:

• constant wall temperature 𝑻𝒘 = 𝒄𝒐𝒏𝒔𝒕

• bounded blowing ratio 𝑩𝑹 =
𝝆𝒄𝑽𝒄

𝝆𝒎𝑽𝒎
< 𝒄𝒐𝒏𝒔𝒕

• bounded hole diameter 𝑫𝒎𝒊𝒏 < 𝑫𝒉 < 𝑫𝒎𝒂𝒙

CFD analysis is almost impossible to perform and
optimize due to problem complexity.

[2] Cerri et al. (2007)

3D – NUMERICAL SOLVER
Solver includes reduced models of external flow, through-holes and internal

flows. External flow solver is based on cooling effectiveness correlation and on
energy-based method for predicting additive effect of multiple film cooling
rows [1].

Internal flow solver is based on mass, momentum and energy conservation.
Through hole flow analysis takes into account hole discharge coefficient.



Higher and uniform cooling effectiveness ( 𝜼 =
𝑻𝒎−𝑻𝒘

𝑻𝒎−𝑻𝒄
) is desirable.

𝑻𝒎, 𝑻𝒄, 𝑻𝒘 are the mainstream, coolant and wall temperatures respectively.

BACKGROUND - EFFUSION
o Full coverage micro holes array is a method for

mimicking porous medium and is potentially much
more effective than film cooling.

o These days, drilling capabilities are constantly
improving and allow to manufacture large amount of
extremely small cylindrical holes.

Hole density: ≈ 5000/cm2   Hole diameter: ≈ 0.01mm

Hole density: ≈ 10/cm2   Hole diameter: ≈ 1mm

Hexagonal hole distribution

o This large number of holes
generates thin convective
wall protection over
whole blade, and reduces
separation and pressure
losses, when compared to
conventional film cooling.

Linear cascade test bench

Close-up on blades area

Inlet

Outlet

Experimental Setup
Using existing linear cascade testing

rig [3], both uncooled and cooled
blades will be tested.

Optimization process will be based on
uncooled blade experiment results.
Cooled blade experiment will be
compared to numerical solver.

Combustion
𝑇 ∼ 2500°𝐶

Turbine
𝑇 < 1000°𝐶

Effusion-cooled
blade

Coolant Inlet

Hot Gas Path

Blade
Comprised from a core and a shell.

Holes are arranged in hexagonal arrays,
resulting in best surface coverage by
cooling air.

Shell with
effusion holes


