
______________________________________________________
Effect of Trailing Edge geometry on a Turbine Blade 

Base Pressure

Mahmoud M. El-GENDI1, Mohammed K. IBRAHIM2, Koichi MORI3, and 
Yoshiaki NAKAMURA4

1 Tel: +81-52-789-3396; E-mail: mahgendi@fluid.nuae.nagoya-u.ac.jp
1,2,3,4 Department of Aerospace Engineering, Nagoya University, Nagoya 464-8603, JAPAN

The flow through a turbine cascade was numerically simulated for an exit 
isentropic Mach number of 0.79 and a Reynolds number of 2.8 × 106. The 
objective of the present study is to improve the base pressure distribution at 
this high subsonic Mach number. Calculation was carried out using the in-
house numerical code, where a 2nd order Roe scheme for inviscid numerical 
fluxes,  a  2nd order  implicit  dual  time  method  for  time  integration,  and 
Delayed  Detached  Eddy  Simulation  for  turbulence  are  employed.  Time-
averaged pressure distributions through the cascade have been presented with 
more attention paid to the trailing edge region. Calculated results show the 
non-uniform pressure distribution along the trailing edge, which is close to 
experimental data and different from almost uniform pressure distributions at 
moderate  subsonic  Mach numbers.  To  improve  the  trailing  edge  pressure 
distribution, we use an elliptic trailing edge instead of a circular one as a 
proposal for a new, practical trailing edge shape. The elliptic trailing edge not 
only makes the trailing edge pressure distribution uniform but also increases 
the average base pressure by 7.19 %. Moreover, the base pressure increases 
with increasing the major-to-minor axis ratio.

1. Introduction

The main objective of turbomachinery designers is improving the performance 
by increasing the efficiency. Any reduction of the efficiency caused by the flow 
is termed loss. The base pressure plays a vital role in the trailing edge (TE) loss 
that contributes one-third of the total loss [1]. Xu and Denton [2] found that there 
is a direct proportional between the TE thickness and TE loss. Herman et al. [3] 
reached at similar conclusion that the thicker the TE is, the higher the TE loss is. 
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They also noticed that the round TE has TE loss more than that of the sharp TE 
but less than that of the square TE and approximately equal to that of the tapered 
TE. Heinemann and Bütefisch [4] estimated the shedding frequency of several 
turbine cascades at different flow conditions using an electronic-optical method. 
They noticed that the highest shedding frequency is obtained at thinnest TE.

Attaching a splitter plate on TE can increase the base pressure [1]. Layukallo 
et  al.  [5] inserted tabs on a cylinder body to control  the flow separation and 
reduce the drag coefficient. Unfortunately, both tabs and a splitter plate are not 
practical  for  turbine  blade  for  thermal  and  mechanical  considerations.  The 
elliptical cylinder has a lower drag coefficient than that of the circular cylinder at 
the same frontal area and the drag coefficient decreases with increasing major-to-
minor axis ratio [6]. Vito et al. [7] devised a new inverse design method that uses 
Navier-Stokes  solver  for  flow  analysis  and  Euler  solver  for  inverse  design. 
Although this method is  more accurate  than previous methods that  use Euler 
solver in both, it excludes the TE because at the TE the pressure is affected by 
separated flow not the blade geometry.

Cicatelli and Sieverding [8] found a uniform pressure distribution at the TE of 
a turbine cascade at M2is= 0.4. Sondak and Dorney [9] and Cicalelli et al. [10] 
numerically  confirmed  this  distribution  using  the  same  cascade  and  flow 
conditions  as  Cicatelli  and  Sieverding  [8].  Sieverding  et  al.  [11]  conducted 
experiments at M2is= 0.79 on a cascade with half the scale of that used in other 
researches  [8,  9,  10].  They noticed  that  the  TE pressure  distribution  is  non-
uniform. This non-uniformity decreases the average value of the base pressure 
and hence increasing the TE loss.

In the present study, we perform numerical simulation for the experimental 
results of Sieverding et al. [11] and propose a new TE geometry that not only 
makes the TE pressure distribution uniform but also increases its average value. 

2. Numerical method 

2.1 Model employed in this study procedure

The turbine cascade with a circular TE is the same as that used in Sieverding et 
al.  [11].  The circular  TE and  modified elliptic  TE are  shown in Fig.  1.  The 
elliptic TE major axis is twice the TE thickness. To maintain the thickness of the 
elliptic TE the same as the circular one, the chord length of the elliptic cascade is 
increased by 3.07 %. Table 1 shows a comparison between the dimensions of 
circular and elliptic cascades. 

2.2 Numerical scheme
Calculations were carried out using an in-house structured single-block code, where the 
Navier-Stokes equations are discretized by the cell vertex method. In this code, the 
lower upper symmetric Gauss Seidel (LUSGS) method is employed along with 
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the dual time method in order to obtain time accurate results for unsteady 
calculations. In addition, the Roe scheme with E-fix is used to calculate inviscid 
numerical fluxes, where the second order accuracy was achieved by the MUSCL 
scheme with the Van Albada flux limiter. On the other hand, the viscous fluxes 
were calculated by central differencing.

Fig. 1. TE modification

Table 1. Dimensions of the cascades

Name Circular TE Elliptic TE
Chord, C
Axial chord, Cax

Pitch, S
TE thickness, D
TE wedge angel, δte

Stagger angle, λ

140.00 mm
　91.84 mm

97.44 mm
7.43 mm

7.5o

49.83o

144.30 mm
　93.10 mm
　97.44 mm
　7.43 mm

7.5o

49.83o

2.3 Grid and boundary conditions

Figure (2a, 2b) show the O-type grid and flow conditions used in the present 
calculation for circular and elliptic cases, respectively. Each grid has 657 × 238 × 
3 grid points with a total of 469,812 grid points. The minimum size of the grid is 
0.001 mm. Every three-line are depicted in Fig. (2a, 2b). Because the turbine 
blade has a round leading and TE, the O-type grid is used in this study to reduce 
the grid skewness near leading and TE as shown in Figs. (3, 4), respectively.      

Both circular and elliptic cases have the same boundary conditions as 
Sieverding et al. [11] as shown in Fig. (2a, 2b), at inlet, both total pressure ( Po1= 
140 kPa ) and total temperature ( To1= 280 K ) are imposed, whereas at exit, the 
static pressure ( p2= 92,755 Pa ) is imposed. Reynolds number is based on chord 
length and flow conditions at the exit. Reynolds number increases from 2.8 × 106 

of circular cascade to 2.9 × 106 of elliptic one because of chord increasing. In 
actual simulation, inlet and exit boundary conditions were calculated using the 
method of characteristics.
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            (a) Circular TE
                             (b) Elliptic TE

                        Fig. 2. Computational grid and boundary conditions 

     
 (a) Circular      (b) Elliptic

Fig. 3. Grid near leading edge

     
     (a) Circular             (b) Elliptic

Fig. 4. Grid near TE

2.4 Turbulence model

As a turbulence model,  the DDES (Delayed Detached Eddy simulation)  [12] 
method was  adopted  in  the  present  work.  This  is  a  first  attempt  to  use  this 
method in the turbine flow simulation. It  is a hybrid scheme that works as a 
Reynolds Average Navier-Stokes (RANS) model near the wall and as a Large 
Eddy Simulation (LES) model in the region away from the wall. Unlike RANS 
models, DDES has the capability to provide more accurate results for unsteady 
flows. Unlike LES, DDES does not require a very fine grid near the wall. To 
estimate the boundary layer region at which RANS was applied, DDES depend 
on the flow and grid spacing not only on the grid spacing so that the DDES has 
an advantage over Detached Eddy Simulation (DES)

3. Results and discussion

3.1 Pressure contours all over the cascade

The  contours  of  time-averaged  pressure  normalized  by  the  stagnation 
pressure at the inlet (p/po1) are shown in Fig. (5a, 5b) for circular and elliptic 
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case,  respectively.  The  pressure  contours  in  both  cases  are  very  similar. 
Moving downstream, the pressure decreases gradually because the turbine 
cascade is an accelerated channel. There are significant low pressure values 
in the TE region and in the throat region. These low pressure regions are 
followed by cured regions.

(a) Circular TE (b) Elliptic TE

Fig. 5. Cascade’s pressure contours 

3.2 Velocity distribution along blade

Figure 6 shows time-averaged isentropic Mach number distribution around 
the blade along with experimental data [11]. The isentropic Mach number on 
the blade is defined as a function of static pressure on the blade surface and 
the total pressure at the inlet.  The numerical result of circular case shows 
good agreement with the experimental  data.  The isentropic  Mach number 
distribution of the elliptic case is very close to that of the circular case, so 
that our modification in the TE doesn’t change the blade load. On the suction 
surface at the throat, X/Cax =0.61, the insentropic Mach number approach 
1.0 (compare with the pressure contours in Fig. 5).

Fig. 6. Isentropic Mach number distribution; Exp. Carried out by Sieverding 
et al. [11]

3.3 Time-average pressure in the TE region
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The  contours  of  time-averaged  pressure  normalized  by  the  stagnation 
pressure at the inlet (p/po1) are shown in Fig. (7a, 7b) for circular and elliptic 
case,  respectively.  The abscissa  “S” represents  the length along the blade 
surface, where the negative sign refers to the direction from the TE center (S 
= 0) toward the pressure surface, and the positive sign toward the suction 
surface and D is the TE thickness. In the circular TE (Fig. 7a), there are three 
pressure minima. Two of them next to the beginning of the TE (S/D =±0.75) 
at S/D =±0.66 and the third one at S/D=0.00. There is a circular region with 
low pressure value downstream of TE resulting form vortices formation. In 
the elliptic  TE (Fig.  7b),  there  are  only two pressure minima next  to  the 
beginning of the TE (S/D =±1.2) at S/D = -1.02 and at S/D =0.9.

       (a) Circular TE        (b) Elliptic TE

Fig. 7. Pressure contours at TE; PS: Pressure side, SS: Suction side

Both time-averaged numerical  and experimental  [11]  pressure  distributions 
normalized by the inlet total pressure, p/po1, along the TE surface are shown in 
Fig.  8.  The  experimental  data  and  numerical  results  of  circular  TE  agreed 
qualitatively with small  discrepancy remained, which might be caused by the 
effect  of  grid  or  three-dimensionality.  The  numerical  non-uniform  pressure 
distribution of circular TE along the TE surface confirms the experimental data 
[11]. Using an elliptic TE make the pressure distribution uniform as shown in 
Fig. 8 and increases the average base pressure by 4.9 % from pb= 0.57 (circular 
case) to pb= 0.598 (elliptic case).

3.4 Effect of major-to-minor axis ratio

The effect of major-to-minor axis ratio was investigated by changing it from 0.5 
to 3.0. This ratio was denoted by a/b and circular case represents a/b = 1.0. Table 
2 represents this effect  on the base pressure (pb). The base pressure increases 
with increasing this ratio. 
As a percentage, Fig. 9 represents the effect of major-to-minor axis ratio. At a/b 
= 3 the base pressure increases by 7.19 % from the circular case. 
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Fig. 8. Distributions of time-average pressure along TE; Exp. carried out by 
Sieverding et al. [11]

Table 2. Effect of major-to-minor axis ratio on the base Pressure

a/b 0.5 1.0 1.5 2.0 3.0
pb 0.580 0.570 0.595 0.598 0.611

Fig. 9. Percentage from circular case

4. Conclusion

The  flow  through  a  turbine  cascade  was  numerically  simulated  for  an  exit 
isentropic  Mach  number  of  0.79  and  a  Reynolds  number  of  2.8×106.  In  the 
present calculation, DDES was used for the first time to treat turbulence through 
a  turbine  cascade.  The  present  numerical  results  were  compared  with  the 
experimental data of Sieverding et al. [11] and show good agreement. The non-
uniform pressure distribution at this high subsonic Mach number was confirmed 
numerically. We propose a new, practical shape for the TE to remedy the non-
uniform pressure distribution at the circular TE. We use an elliptic TE instead of 
Circular TE. The elliptic major axis is twice as TE thickness. To maintain the TE 
thickness  as  circular  case,  the  cord  has  been  increased  by  3.07  %.  Our 
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modification in the TE maintains the blade load as the circular TE and success to 
make the pressure distribution at  the TE uniform. Moreover,  the value of the 
average base pressure was increased by 4.9 % from circular case and this value 
increases by increasing major-to-minor axis ratio.
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