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and Stollery [7] studied trailing edge cutback film cooling through
two-dimensional numerical simulation in 1969. Martini et al. [3, 4]
studied the trailing edge film cooling by circular coolant wall jets
ejected from a slot with internal rib arrays based on both
experimental and numerical methods. Ling et al. [8] also
numerically analyzed the influence of the ratio of length to width,
blowing ratio, and Reynolds number on trailing edge cutback film
cooling on the pressure side. Zhu and his co-workers [9, 10]
investigated the effects of ratio of slot width to rib width and ratio
of lip thickness to slot height on the cooling effectiveness based
on both experimental and numerical methods. Shortly after, Zhu
et al. [11] studied the influence of blowing ratio and Reynolds
number on the cooling effectiveness of trailing edge cutback
through experiment method. Yuan et al. [12] adopted liquid
crystal measurement technology to investigate the effects of
blowing ratio on heat transfer characteristics of the trailing edge
cutback.

ABSTRACT

In order to study the impact of the slot inner angle on the film
cooling performance of the trailing edge cutback for turbine blade,
physical model and the three-dimensional mathematical model
were established. The temperature distribution on the pressure
side close to the wall was obtained through numerical simulation
method, and the adiabatic temperature difference ratio and actual
temperature difference ratio on the trailing edge cutback with
various slot inner angles were analyzed. The results showed that,
as slot inner angle increases, the average adiabatic temperature
difference ratio on the trailing edge cutback and the effect of
thermal insulation of gas film are increased. The impact of actual
temperature difference ratio on the trailing edge cutback suffers
slot inner angle is small, and it is conducive to lower the wall
temperature of trailing edge when reduces the slot inner angle. For
the study of film cooling performance on the trailing edge cutback
of turbine blade, in addition to evaluate the adiabatic temperature
difference ratio, it should also assess the actual temperature
difference ratio.
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1. INTRODUCTION

The aerodynamic characteristics of a turbine blade can improved
as the thickness of trailing edge of turbine blade decreases [1, 2],
and the trailing edge cut back structure as shown in Fig. 1 is
adopted to make the thickness as thin as possible [3, 4]. The film
cooling performance of the trailing edge cutback is mainly
impacted by the slot geometry and the eject flow [5]. Research on
trailing edge cutback film cooling has been carried out by some
scientists. For example, Sivasegaram and Whitelaw [6] and Burns

Figure 1. Schematic of turbine blade.
There are two different kinds of wall temperatures on the pressure
side of the trailing edge cutback that have been used to judge the
film cooling performance: one is adiabatic temperature, and the
other one is actual temperature. When adopting the adiabatic
temperature [3, 4, 7, 9-13], a dimensionless criterion number
called adiabatic temperature difference ratio is used to represent
the effect of insulation to the hot air by coolant flow. On the other
hand, when adopt actual temperature [8, 14], another
dimensionless criterion number called actual temperature
difference ratio not only reflect the insulation effect of coolant
flow at pressure side, but also reflect the heat conduction effect
between pressure side and suction side. However, researches on
previous studies mainly focus on the adiabatic temperature
difference ratio, less literature about the actual temperature
difference ratio. Meanwhile, the comparative analysis between the
two difference temperature difference ratios has never reported.
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In this paper, the physical model and three-dimensional
mathematical model of a turbine blade trailing edge cutback are
established and a numerical investigation was carried to study the
influence of slot inner angles on trailing edge cutback film cooling.
The effects of slot inner angles on adiabatic temperature
difference ratio and actual temperature difference ratio are
discussed.

Table 1. Numerical simulation parameters.

2. PHYSICAL AND MATHEMATICAL
MODEL
2.1 Physical model

A schematic view of the trailing edge cutback of turbine blade is
shown in Fig. 2(a). The angle that formed by the upper and lower
surfaces of the slot is called slot inner angle which shown in Fig.
2(b). In this paper, the computational model has magnified 20
times base on the prototype of the trailing edge cutback according
to the similarity principle, and pressure side wall and suction side
wall were considered as plane walls. In order to obtain numerical
results close to the actual cases, three rows of staggered pin fins
are placed on the inner cooling passage of turbine blade, and the
material of turbine blade is 87Al-13Si aluminum alloy. Only half
of the slot and half of the rib are treated as computational domain
due to symmetry.
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Figure 3. Computational domain.
The three-dimensional, steady-state, incompressible, turbulent
flow and heat transfer problem in this study can be analyzed by
employing the standard k-ε model, which can be expressed as
follows [16]:
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Figure 2. (a) 3D model for trailing edge of turbine blade; (b)
Schematic of trailing edge cutback.
Several assumptions have been made to simplify the analysis
which are lists as follows: 1) working fluid is incompressible air
with constant property; 2) the inlet parameters of fluid is kept
unchanged; 3) no-slip fluid flow at solid wall; 4) radiation heat
transfer between solid walls is not considered. Numerical
simulation parameters are shown in table 1.



Energy equation:

Turbulent kinetic energy equation:

An additional 1.5 times of blade length is placed before the inlet
of computational domain to make sure that the fluid is fully
developed, and another 5 times of blade length is placed after the
outlet of computational domain to avoid backflow phenomenon in
the fluid outlet boundary [15]. Moreover, 5 times of blade height
is placed in the upper and lower of computation domain,
respectively. The actual computational domain is shown in Fig. 3.
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Specific dissipation rate equation:
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The governing equations in this study are solved by using a finite
volume method (FVM). The commercial software FLUENT 6.3
was adopted in the simulation works to solve the governing
equations. The SIMPLEC algorithm was used to couple pressure
and velocity. The convective terms and diffusion terms in
governing equations are discretized by the second upwind scheme
and the central difference scheme, respectively. The heat flux
between the solid walls and air flow equal to zero when analyzed
the adiabatic temperature difference ratio. In addition, when
analyzed the actual temperature difference ratio, the fluid-solid
coupled method is used to solve heat conduction between solid
walls and air flow [16].

where the turbulent viscosity μt and the production of turbulent
viscosity Gk are given as:

t  C k 2 / 
Gk   t

u i
x j

(6)

 u i u j 



 x j xi 



(7)

The empirical constants in k-ε model are given in Table 2.
Table 2. Empirical constants in k-ε model.
σT

σk

σε

Cµ

C1ε

C2ε

0.85

1.0

1.3

0.09

1.44

1.92

The solution is considered to be converged as the normalized
residual of continuity equation is below 5.0×10-6 and when the
target achieve, the normalized residual of momentum, turbulent
kinetic energy and specific dissipation rate equations are all below
1.0×10-6.The normalized residual of energy equation is below
1.0×10-10 and the temperature field will not change any more.

2.3 Boundary conditions
Inlet boundary [17]:

u  const ， v  w  0 ， T  const ， k  1.5u 2 I 2 ，

  C3 / 4 k 3 / 2 /(0.07d e )

The three-dimensional geometric model is created and meshed
using the commercial software GAMBIT 2.4. The whole
computational domain was split into several small pieces and each
piece is adopted structured grid. In order to well obtain the drastic
changes of fluid parameters near the solid walls, grid meshing
become more intensive from all around to solid walls in both the
x-axis and y-axis directions. The width ratio of adjacent control
volume in the same direction is limited within the range of 0.9 to
1.2. The grid distribution is shown in Fig. 4.

(8)

where I is turbulence intensity which can be expressed as
I  0.16Re1 / 8 , de is hydraulic diameter.
Symmetrical boundary:
u v k 
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Solid wall region:
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The method of standard wall function is employed to solve the
boundary conditions near the solid walls [16].

2.4 Parameter definitions

Some parameters are defined in order to analyze the simulation
works. The Reynolds number Re, adiabatic temperature difference
ratio η, actual temperature difference ratio ζ, dimensionless height
Y and dimensionless temperature Θ are defined as follows:

Reg   g ug D / 

(12)

  (Tg  Taw ) /(Tg  Tc )

(13)

  (Tg  Tw ) /(Tg  Tc )

(14)

Y  H /d

Figure 4. Grid distribution. (a)The whole mesh; (b)Grid
distribution of the cutback area in section xy.

(15)

where ρg is hot air density, ug is hot air inlet velocity, D is hot air
inlet hydraulic diameter, μ is kinetic viscosity, Tg is hot air inlet
temperature, Tc is cool air inlet temperature, Taw is adiabatic wall
temperature, Tw is actual wall temperature, H is vertical distance
from wall surface and d is slot height.

The grid-independent assessment has been made as slot inner
angle β=0°, so that the computational results can be deemed
enough to replicate the physical phenomenon. Results of grid
assessment are shown in Table 3. It was found that the maximum
difference in average adiabatic temperature difference ratio or
average actual temperature difference ratio between the results of
grid systems of 442×108×20 and 442×114×30 is below 1.0
percent, and finally the grid system of 442×108×20 is regarded as
the one for proving grid independence solutions.

3. NUMERICAL METHODS

4. RESULTS AND DISCUSSIONS

Θ  (T  Tc ) /(Tg  Tc )

(16)
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Figures 7 and 8 show the average adiabatic temperature difference
ratio and average actual temperature difference ratio versus the
slot inner angle, respectively. It can be seen from Fig. 7 that the
average adiabatic temperature difference ratio increases while the
slot inner angle increases. When the slot inner angle change from
0° to 10°, the average adiabatic temperature difference ratio
increases by 9.2% while the other parameters remain constants. It
can be seen from Fig. 8 that the average actual temperature
difference ratio tends to decrease while the slot inner angle
increases. However, the change is small that the average actual
temperature difference ratio increases by only 0.85% as the slot
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Figure 6 shows the actual temperature difference ratio along with
varying l/d under different slot inner angles. It can be seen that the
actual temperature difference ratio on the downstream of slot
centre line decrease as the slot inner angle increase. Meanwhile,
on the downstream of rib centre line, the actual temperature
difference ratio which near the rib wall tends to decrease while the
far away area tends to increase.

l/d
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Figure 5 shows the adiabatic temperature difference ratio along
with the change of l/d under different slot inner angles. It can be
seen from Fig. 5(a) that the adiabatic temperature difference ratio
is almost constant on the downstream of slot centre line while slot
inner angle change from 0° to 10°. It is because film cooling
layers in slot downstream are not disturbed and remains intact,
and the change of the thickness of film cooling layers are small as
the slot inner angles have changed so that insulation effect is
stable. It can be seen in Fig. 5(b) that the adiabatic temperature
difference ratio on the downstream of rib centre line increases as
the slot inner angle increase; it means that insulation effect is
enhance when the slot inner angle raise.
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Figure 5. η along with the change of l/d. (a)Center line of slot
downstream; (b)Center line of rib downstream.
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[4]

inner angle changes from 0° to 10° while the other parameters
remain constants.
The computational results show that the trailing edge cutback wall
temperature did not reduce although the raise of slot inner angle
can enhance the film cooling insulation effect. Conversely, the
trailing edge cutback wall temperature drop when the slot inner
angle decreases. That means it is not enough that merely assessing
the adiabatic temperature difference ratio in studying of the
trailing edge cutback film cooling, and the actual temperature
difference ratio should be taken into account.

[5]
[6]

Table 3. Results of grid assessment.
No.

Grid number
(x×y×z)

Total element number

ηav

[7]

ζav

1

324×102×10

325412

0.3582 0.3855

2

324×102×20

630472

0.3706 0.4018

3

442×108×20

908380

0.3756 0.4071

4

442×114×30

1418010

0.3787 0.4095

[8]

5. CONCLUSION

In this paper, a numerical investigation was carried to study the
influence of slot inner angles on the trailing edge cutback film
cooling. The following conclusions can be made:

[9]

(1)The raise of slot inner angle can be useful in improving the
performance of trailing edge cutback film cooling.
[10]

(2)The effect is small to the trailing edge cutback film cooling
under different slot inner angle, however, the larger slot inner
angle is, the lower cutback wall temperature will be.
(3)It is not enough that merely assessing the adiabatic temperature
difference ratio in studying of the trailing edge cutback film
cooling, and the actual temperature difference ratio should be
taken into account.

[11]
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