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Abstract 
 
A linear cascade experimental apparatus often consists of only a few cascade blades. Advantages to this experimental arrangement are 

increased by the use of larger cascade blades, a lower mass flow rate, a corresponding decrease in required power, and easier optical 
access within the cascade passage. However, fewer cascade blades in the cascade row make it difficult to establish periodic flow condi-
tions between blades compared to infinite cascade model experiments. Generally, removing fluid from the cascade walls or adjusting 
tailboards located downstream of the cascade are common methods to establish periodic flow conditions through the cascade blades. In 
this study, a passage for cascade experiments is designed to satisfy infinite cascade flow conditions without any flow control or tailboards. 
A one-pitch at cascade row is adopted as its width and only a single cascade blade is installed within the passage. The surface isentropic 
Mach number distribution on the blade is chosen for the existence of infinite cascade flow conditions, and 14 geometric design variables 
related to the passage shape are applied to the design of a one-pitch passage by using a genetic algorithm. Flow structures within a pas-
sage designed using a genetic algorithm match with those obtained with the infinite cascade flow condition. Computed results obtained 
with a single cascade blade show that infinite cascade flow conditions can be obtained by modifying only the passage walls of the cas-
cade experimental apparatus.  
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1. Introduction 

Experiments on turbine cascades have produced many im-
portant findings [1-3] on such things as separation mecha-
nisms on blade surfaces, flow structures within a passage, and 
unsteady effects of wakes, etc. Today, computational fluid 
dynamics (CFD) techniques are widely used to capture more 
detailed flow physics and design more efficient gas turbine 
engine components [4-7]. However, in flow fields sensitive to 
turbulence properties such as film cooling or heat transfer 
rates [8], CFD provides diverse results depending on the tur-
bulence model used. For these cases, cascade experiments 
would be more reliable; they also provide a better flow field 
for understanding turbulence properties, the effect of convex 
and concave curvature of blades, and stagnant point anomaly, 
and so on. 

Full rotating rigs have been used to acquire unsteady flow 
fields on a rotating turbine. Giess and Kost [9] measured flow 
fields in a rotating annular turbine cascade using pneumatic 

probes and pressure taps. Recently, PIV has been widely used 
to measure unsteady three-dimensional velocity fields in rotat-
ing rigs to investigate such phenomena as blade row interac-
tion between a turbine stator and rotor, flows in shrouded 
cavities affected by axial turbine, and unsteady flows within a 
compressor passage [10-12]. Such tests are more costly and 
require more complicated measuring devices. One particular 
challenge is the transmission of sheet forming optics to cap-
ture the desired flow fields within a blade passage. This prob-
lem can be avoided if cylindrical bars traversing across the 
inlet flow are applied to linear cascades to simulate the wakes 
of an actual blade row. With wake simulators, unsteady flow 
phenomena, such as the convection of a turbulent wake 
through a low pressure turbine cascade and interaction be-
tween the wake and a separation bubble etc., were measured 
[13-15].  

Linear and annular cascades have been used as an alterna-
tive to rotating rigs. Linear cascades provide better spatial 
resolution than full annulus cascades for the same flow rate, 
and also provide good mid-span data. However, linear cascade 
experiments should ensure periodic flow conditions between 
cascade blades ideally as infinite cascade flow conditions. To 
obtain periodic flow conditions, the operating gas may be 
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removed from the cascade walls and tailboards located down-
stream of the cascade could be adjusted. These options require 
many intricate works in side-zones of the cascade row. Addi-
tionally, the effect of upstream boundary layers should be 
removed so that infinite cascade flow conditions can exist at 
the tested cascade blades. Conducting cascade experiments 
with only a single cascade blade not only improves optical 
access but also reduces the required flowrate for blade of the 
same size. However, with regard to establishing infinite cas-
cade flow conditions, the use of a single blade causes more 
difficulties than cascades with multiple blades. Flow condi-
tions within a passage where a single cascade blade is installed 
could be very sensitive to the bleeding rate of suction air and 
the suction device could interfere with optical access.  

Building a linear cascade experimental apparatus that does 
not require suction bleeds or adjustable tailboards to create 
infinite cascade flow conditions would be very beneficial. 
Laskowski et al. [16] designed a passage for a linear cascade 
experiment: they used a gradient-based optimization method 
to obtain an infinite cascade flow condition without the use of 
suction bleeds. The width of the passage was double-pitch and 
only a single-cascade blade was installed within the passage. 
However, Mach number contours within the passage showed 
some discrepancy between the computed results obtained with 
an infinite cascade flow condition and the results obtained 
with the designed double-pitch passage because the flow with-
in the passage was sensitive to the passage wall shape.  

When flow structures around a single blade are matched 
well with the flow structures obtained with an infinite cascade 
flow condition, they not only improve the accuracy of experi-
ment but also provide correct physical phenomena. In this 
study, a one-pitch passage is designed with a single-cascade 
blade. For the design, a genetic algorithm is used to ensure the 
same flow structures exist around the blade as infinite cascade. 
Fourteen design variables related to the passage are used to 
adjust the wall shape. The flow structures within the passage 
designed with the genetic algorithm is compared to those ob-
tained by infinite cascade flow conditions. The surface Mach 
number distribution on the cascade blade is also compared to 
the experimental results [17]. 

 
2. Design variables 

2.1 Initial wall shape 

The experiment conducted by Kiock et al. [17] was adopted 
for the desired basic flow structure on a linear turbine cascade 
operating under an infinite cascade flow condition. Their ex-
periment used typical cooled gas turbine rotors to investigate 
the effect of wind tunnel environment on the test results of 
four European wind tunnels using different test sections. The 
experimental conditions which varied slightly for each ex-
periment are shown in Table 1. The experimental results are 
shown in section 4 together with the computed result of this 
study.  

For the cascade shown in Fig. 1, the computational domain 

along the blade pitch was created so that the upper boundary 
(near the suction surface of the upper blade) was selected on 
the basis of the double-pitch from the lower boundary (near 
the pressure surface of the lower blade). This domain was 
easily calculated because periodic boundary conditions could 
be applied to both boundaries. In the computation of a double-
pitch cascade with an infinite periodic cascade flow condition, 
the lower boundary could be selected arbitrarily and the upper 
boundary was defined as two blade pitches away from the 
lower boundary. Fig. 1 shows a computational domain which 
is formed by this method. 

A one-pitch passage for cascade experiments consists of 
sidewalls (an upper wall and a lower wall). If initial sidewalls 
are simply designed without any consideration of the flow 
through blade passages, more computation time is needed to 
reach the same flow structure so that obtained using the infi-
nite cascade flow condition. Additionally, the final flow struc-
ture obtained with an optimization method could tend to pro-
duce a locally optimized result which depends on the initial 
wall shape. For a more reasonable initial sidewall shape, the 
wall shape may be designed by using a streamline along the 
wall surface. Thus, any abrupt changes to the flow within the 
passage are eliminated and the computed flows obtained 
through the optimization method can match the desired flow 
structure at a faster rate.  

Table 1. Experimental conditions on the four different wind tunnel facili-
ties [17]. 
 

Parameters RG GO BS OX 

Chord (mm) 32.6 60 100 100 

Aspect ratio 1.534 2.083 3.000 3.000 

Pitch (mm) 25.13 42.58 70.88 70.88 

Stagger angle 33.14o 33.56o 33.29o 33.29o 

Inlet flow angle 28.95o 29.92o 29.92o 30.04o 

Exit flow angle 67.03o 67.02o 67.33o 67.76o 

Turbulence 
intensity 1% 1% 0.3-0.6% <1% 

 

 
 
Fig. 1. Streamlines at different locations within a cascade passage. 
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Fig. 1 shows four different streamlines located within the 
cascade passage. They were located at a pitch of 20%, 40% 
60% and 80% from the lower blade. The streamline at a 50% 
pitch was applied to the initial shape of the lower wall and the 
upper wall for a one-pitch cascade model. Fig. 2 shows the 
computational domain of the one-pitch passage installing a 
single cascade blade. 

 
2.2 Selection of design variables 

Even though the sidewalls are designed on the basis of the 
streamlines, flow structures within the passage may differ 
from the flow structures obtained with a periodic flow condi-
tion (or an infinite cascade flow condition) because boundary 
layers along the sidewalls influence the flow in the one-pitch 
passage. These sidewalls should therefore be adjusted to ob-
tain the same flow structure on a cascade blade as that which 
would be obtained with a periodic flow condition. Control 
points are used to change the sidewall shape. Seven control 
points are applied on both the upper and lower walls. A third-
order polynomial or linear curve fit is then used to define the 
surface between the control points. A few control points can 
be chosen as design variables and used to adjust the wall 
shape.  

The control points on the sidewall are shown in Fig. 3. Val-
ues of the y-location of the control points are defined by the 
streamline. The x-location of point 1 (S1X, P1X) was selected 
as 120% of the blade chord upstream from the leading edge, 
and point 2 (S2X, P2X) was 25% of the blade chord upstream 
of the leading edge. Point S3X was downstream from the lead-
ing edge by 20% of the chord that is created between the lead-
ing edge and a peak point on the upper wall. As with S3X point 
P3X was selected, but a peak point was selected on the lower 
wall. The reason for this selection was because the flow direc-
tion was changed after it passed the leading edge due to the 
blade thickness, and these points (S3, P3) were used to capture 
this phenomenon. 

Point 4 (S4, P4) was selected at a peak location on the 
streamline. Point 5 (S5, P5) was defined similar to point 3 to 
catch the flow change at the aft blade section. Point S5X was 
selected upstream from the trailing edge by 20% of the chord 
that is created a line between the trailing edge and the peak 
point on the upper wall, and the point of P5X was selected by 
the same method as the point of S5X except for the peak point 
on the lower wall. Point 6 (S6, P6) was chosen as 25% of the 
blade chord downstream from the trailing edge along the exit 
flow direction, and point 7 (S7, P7) was located at 200% of 
the blade chord downstream from the trailing edge. 

The shape between control point 6 and control point 7 was 
formed by using a straight line because they are located in the 
outlet region. Other control points were connected by using 
the third-order polynomial curve. For the formation of a 
smooth shape between control points, the gradients at the con-
trol points should be set to the same when two segments are 
connected at a common point. Point 1 (S1, P1) and point 2 (S2, 
P2) were fixed because they were defined on the basis of the 
one-pitch and were located at the inlet region. The y-locations 
for point 3, point 5 and point 6 could be changed to control the 
wall shape, but the x-locations for the same points remained 
fixed as initially determined. The gradients on point 3 and 
point 5 could be changed to control the wall shape between 
point 2 and point 4 and the wall shape between point 4 and 
point 6, respectively. Point 4 was selected to control the peak 
locations on the sidewalls. Therefore, even though the x-
location and y-location of point 4 could be changed, its gradi-
ent was fixed to zero. The y-location for point 7 (S7Y, P7Y) 
could be changed, but they were not control points because 
they depended on the point 6 and the exit flow angle. From 
these adjustable variables for the sidewall shape, seven control 
points are chosen for defining the upper and lower walls. Ta-
ble 2 shows these 14 control points which are used to adjust 
the wall shape in the passage design process.  

Using this method, values for the control points can be ob-
tained from the wall shape that is formed by the streamlines. 

streamlines at half-pitch

 
 
Fig. 2. Initial wall profiles obtained from streamlines at a 50% pitch. 
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Fig. 3. Control points on the upper and lower walls to modify wall 
shapes. 
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These values are shown in Table 3. The values in brackets are 
obtained as control points, but they do not change during the 
sidewall design. Fig. 3 shows a comparison between the 
streamlines and the wall shapes designed with the control 
points shown in Table 3. The wall shapes are well matched to 
the streamlines. Since the wall shapes obtained using control 
points match well with any streamlines located within the 
cascade passage, the control points selected by this method 
have high flexibility on the sidewall design and they can be 
applied as design variables to control the wall shape in the 
inverse design process. 

 
3. Optimization and flow analysis algorithm 

3.1 Objective function and constraints 

The goal of this study was to obtain an infinite cascade flow 

condition in a single cascade model even though boundary 
condition is defined by the wall and not periodic. The surface 
isentropic Mach number distribution (SIMN;τ ) obtained with 
the periodic flow condition is chosen as a target, and the dif-
ference between the SIMN obtained using the periodic flow 
condition and the SIMN obtained using a wall boundary con-
dition was minimized. Thus, the difference between the two 
SIMNs becomes an objective function as follows: 

 
*: ( )Minimize obj H X=  at sucΓ  and preΓ           (1) 

 
where *H and X  are the objective function and design vari-
ables, respectively. sucΓ  refers to the suction surface of the 
blade and preΓ  refers to the pressure surface. 

As a constraint on the design variables, point 3 should be 
located between point 2 and point 4 because point 4 is the 
peak location on the wall geometry. Point 5 should also be 
located between point 4 and point 6 in a similar fashion as 
point 3. The upper wall shape was restricted so that it did not 
make contact with the suction surface of the blade. Further-
more, the pressure surface of the blade should be located 
above the lower wall geometric definition. These requirements 
can be achieved by restricting S3Y, S4Y and S5Y to be located 
above the suction surface of the blade, and also by restricting 
P3Y, P4Y and P5Y to be located below the pressure surface of 
the blade. Point 4 was located between point 3 and point 5 in 
the x-direction. However, these constraints were more limited 
when the objective function was seriously deteriorated over 
the bounds as shown in Table 4. The gradient of point 3 and 
point 5 were adjustable, but the lower and upper bound were 
limited so that the wall shape was not twisted. 

 
3.2 Optimization algorithm 

Optimization is a procedure that seeks optimal values for 

Table 2. 14 design variables to modify the upper and lower wall. 
 

 Design variables 

upper wall 

y at control point S3 (S3Y) 
angle at control point S3 (S3θ) 

x at control point S4 (S4X) 
y at control point S4 (S4Y) 
y at control point S5 (S5Y) 

angle at control point S5 (S5θ) 
y at control point S6 (S6Y) 

lower wall 

y at control point P3 (P3Y) 
angle at control point P3 (P3θ) 

x at control point P4 (P4X) 
y at control point P4 (P4Y) 
y at control point P5 (P5Y) 

angle at control point P5 (P5θ) 
y at control point P6 (P6Y) 

 
Table 3. Values of control points obtained from the streamline on the 
upper and lower wall. 
 

Control 
points 

x location 
(x/c) 

y location 
(y/c) angle 

S1 (-1.039) (-0.201) (30.0) 

S2 (-0.216) (0.276) (30.0) 

S3 (0.055) 0.398 14.97 

S4 0.202 0.418 (0.0) 

S5 (0.712) 0.092 -54.99 

S6 (0.915) -0.293 (-67.18) 

S7 (1.571) (-1.856) (-67.18) 

P1 (-1.039) (-0.911) (30.0) 

P2 (-0.216) (-0.434) (30.0) 

P3 (0.055) -0.312 14.97 

P4 0.202 -0.292 (0.0) 

P5 (0.712) -0.618 -54.99 

P6 (0.915) -1.003 (-67.18) 

P7 (1.571) (-2.566) (-67.18) 

(  ): remains fixed during inverse design 
 

Table 4. Constraints of design variables. 
 

Design 
variables Lower bounds (Γ ) Upper bounds (Γ ) 

S3Y Max(S2Y, 0.362) Max(S4Y, 0.404) 

S3θ 13.3 16.3 

S4X Max(S3X, 0.172) Max(S5X, 0.231) 

S4Y Max(max(S3Y, S5Y) , 0.405) 0.450 

S5Y Max(S6Y, 0.065) Max(S4Y, 0.125) 

S5θ -55.5 48.0 

S6Y Max(S7Y, -0.318) Max(S5Y, -0.268) 

P3Y Max(P2Y, -0.332) Max(P4Y, -0.306) 

P3θ 18.2 22.4 

P4X Max(P3X, 0.181) Max(P5X, 0.229) 

P4Y Max(max(P3Y, P5Y) , -0.305) -0.279 

P5Y Max(P6Y, -0.616) Max(P4Y, -0.550) 

P5θ -55.2 50.0 

P6Y Max(P7Y, -0.102) Max(P5Y, -0.980) 
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design variables; those values should lead to the best objective 
function (such as minimization, maximization, or targeting) 
without violating constraints. A gradient-based method is 
generally the most appropriate if there are more than 10 design 
variables. This method usually does not require many calcula-
tions to reach a target compared to the response surface me-
thod or the genetic algorithm. However, gradient-based meth-
ods cannot guarantee the optimum values of the objective 
function throughout the entire design region. Cho et al. [18] 
showed a gradient-based method could not obtain the best 
optimum value for the objective function throughout the entire 
design region on the inverse design for a 160% pitch passage 
with a single blade although the initial wall shapes were de-
signed carefully with streamlines. Since the flow structures on 
the suction of the blade were sensitive in the experiment [17], 
and the gradient-based method could not guarantee the opti-
mum of the objective function, a genetic algorithm in the Vi-
sualDOC [19] was adopted for the inverse design. The popula-
tion was selected as 100 for a generation. The cross-over 
probability and mutation were chosen as 95% and 10%, re-
spectively.  

 
3.3 Computational method 

For calculating the two-dimensional compressible turbulent 
flow field within the one-pitch passage, CFX-11 [20] was 
used. A high resolution, which is more accurate than a second 
order, was applied for the discretization, and Menter’s two-
equation turbulence model (SST) was used for turbulence 
calculation. An unstructured grid was used, and the computed 
results were the same when more than 120,000 elements were 
applied in the computational domain. For this computation, 
more than 150,000 elements were used in the computational 
domain, and the first grid away from the wall had a y+ near 1. 
The computational domain extended the 120% blade chord 
upstream and downstream by 200% of the blade chord. Con-
vergence was achieved when all residuals dropped at least 10 
to the seventh orders in magnitude.  

Fig. 4 shows the inverse design process. The sidewalls are 
modified during the optimization with new design variables, 
and the objective function of the isentropic surface Mach 
number is obtained in the post-process after the computation 
completed. This process is iterated until the objective function 
is minimized. Boundary conditions are given in the pre-
process. In this study, the width of the passage was fixed to 
the one-pitch at inlet. Therefore, two different boundary con-
ditions can be applied to this problem. In the first condition, 
the same mass flowrate used in the infinite cascade model is 
applied to the inlet flow condition with the static pressure 
condition at exit; in the second condition, the total pressure 
and static pressure obtained in the infinite cascade model can 
be applied to the inlet and exit flow condition, respectively. In 
the test of two different boundary conditions with the genetic 
algorithm, the SIMN on the blade was identical and the in-
verse designed sidewalls were expanded compared to the ini-

tial wall shape. The mass flowrate was reduced by only 0.08% 
when the total pressure was applied to the inlet flow condition. 

 
4. Results and discussion 

4.1 Comparison with experimental data 

Following a review of the four different experimental con-
ditions shown in Table 1, the inlet flow angle and exit flow 
angle were selected to be 30° and 68°, respectively. The pitch-
to-chord ratio was chosen as 0.71 and the turbulence intensity 
at inlet was set to 0.5% in the model. Fig. 5 shows a computed 
result compared with the experimental data. This computed 
result was obtained with a periodic flow condition and the 
SIMN was computed by using the total pressure at inlet and 
the static pressure on the blade surface. The experimental data 
are indicated by marks which show four different results and 
the computed result is expressed with lines. The experi- men-
tal results show that the flow structures on the suction surface 
of the cascade blade were sensitive; furthermore, some ex-
perimental uncertainty was generated by the different experi-
mental environment. 

 
4.2 Inverse design  

The computed result in the one-pitch passage which is 

 
Fig. 4. Flowchart for the inverse design process connected with the 
CFD. 
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Fig. 5. Comparison of the SIMN obtained with the periodic flow condition 
and the experimental data. 
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changed to a wall from the streamlines is shown in Fig. 6. 
Although the sidewalls were developed from the streamlines, 
the flow was changed because of the growth of the boundary 
layer along the sidewalls. Note In particular that in contrast 
with the SIMN obtained with the periodic flow condition, the 
discrepancy on the suction surface increased. The sidewalls 
should therefore be changed by using the design variables in 
order to obtain the same flow structure that is computed with 
the periodic flow condition through the inverse design proce-
dure. In this case, the SIMN of the experimental data can be 
applied to an objective function instead of the simulated 
SIMN computed with a periodic flow condition. However, in 
practice sidewalls are generally designed before the experi-
mental result are known. The computed SIMN ( infτ ) obtained 
with the periodic flow condition is therefore chosen for a tar-
get flow structure in this inverse design.  

In the evaluation of the objective function during the opti-
mization process, unrealistic results were generated near the 
leading edge of the pressure surface as well as near the trailing 
edge due to grids or stagnation point. The evaluation range for 
the objective function was limited to 0.01-0.95 on the suction 
surface and 0.08-0.95 on the pressure surface so that ranges 
could be avoided where the SIMN was exaggerated in the 
evaluation of the objective function. A weighting function was 
applied to the objective function on the suction surface as 
follow:  

 
0.95 0.95 0.95 0.95

*
1 inf 2 inf

0.01 0.01 0.08 0.08
suc suc suc pre pre preH d d d dω τ τ ω τ τ= Γ − Γ + Γ − Γ∫ ∫ ∫ ∫   

 (2) 

 
where sucτ  and preτ  are the SIMN along the suction surface 
and the pressure surface of the blade, and 1ω  and 2ω  are 

weighting functions set to 1.5 and 1.0, respectively. The value 
of 1ω is larger so that accurate results can be obtained on the 
suction surface. 

A genetic algorithm was applied to the inverse design proc-
ess to reach an optimum objective function throughout the 
entire design region. Fig. 7 shows the sidewalls designed with 
the genetic algorithm from the initial walls designed using the 
streamlines. Since the passage of the initial walls showed the 
lower SIMN on the suction surface of the blade than the 
SIMN obtained under the periodic flow condition, the walls 
would be designed to increase this low SIMN on the suction 
surface at the aft blade section through the optimization proc-
ess. Therefore, the inverse designed lower wall moves up at 
the blade section to shrink the passage. At the upper wall, it 
moves down at the fore blade section and slightly moves up at 
the aft blade section. However, the width of the passage is 
expanded and the SIMN on the suction surface is correspond-
ingly increased at the aft blade section. In particular, the 
movement of the peak y-location of the upper wall soothes the 
effect of boundary layer growth on the sidewall due to the 
expansion of the passage. 

Table 5 shows the values of the design variables on the in-
versed designed sidewalls. Since the flow structure on the 
suction surface was sensitive to the variation of the sidewalls, 
the x-location and y-location of the design variables which 
ware non-dimensionalized by the blade chord were subdivided 
into O(10-4) and the angles into O(10-2). Fig. 8 shows a com-
parison of the SIMN obtained in the passage designed using 
the genetic algorithm with the target SIMN. The SIMN on the 
pressure surface agrees well with the target SIMN obtained 
with the periodic flow condition but The SIMN on the pres-
sure surface on the suction surface shows some discrepancy 
for the target SIMN. 

In the inverse design of the sidewalls on a double-pitch pas-
sage where double cascade blades were installed, Cho et al. 
[21] showed that the SIMN on the blade surface matched well 
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Fig. 7. Comparison of sidewall profiles obtained with the genetic algo-
rithm. 
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Fig. 6. Comparison of the SIMN when streamlines are used as the side-
walls of the passage. 
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with the target SIMN even though a gradient-based method 
was applied in the optimization process. This optimum objec-
tive function throughout the entire design region was obtained 
since the passage between two blades was protected against 
the boundary layer growth on the sidewalls by each blade. 
However, the flow structures in a passage installed a single 
blade are directly affected by the sidewalls of the passage. 
This means that the genetic algorithm is more appropriate for 
the inverse design of the passage installing a single blade than 
the gradient based method, and a better matched SIMN on the 
suction surface could be obtained by applying more design 
variables. 

Fig. 9(a) shows how the objective functions changed at 
each generation, which required 45 generations to reach a 
convergence. Fig. 9(b) shows the variation of all objective 
functions during the inverse design procedures which were 
iterated 4500 times. In the optimization process, the objective 
function on the suction surface was bigger than that on the 
pressure surface. This resulted from the sensitivity of the flow 

structure on the suction surface according to the variation of 
the sidewalls. Therefore, the objective function on the suction 
surface was weighted by 1.5 times than that on the pressure 
surface. The objective function that was converged by means 
of the genetic algorithm showed 84% greater improvement 
than the objective function obtained from the initial wall. 

A comparison of Mach number contours in the cascade pas-
sage is shown in Fig. 10. The Mach number contours in the 
passage obtained with the genetic algorithm agree well with 
those of the computed result obtained with the periodic flow 
boundary condition. In particular, the Mach number contours 
at the aft of the blade near the suction surface in the inverse 
designed passage are greatly improved compared with those 
within the passage of the initially designed wall. 

Table 5. Value of design variables when the sidewalls are optimized using 
the genetic algorithm. 
 

Variables x location 
(x/c) 

y location 
(y/c) angle 

S3 - 0.3890 16.13 

S4 0.2042 0.4285 - 

S5 - 0.0951 -53.96 

S6  -0.2850 - 

P3 - -0.3077 19.67 

P4 0.2242 -0.2798 - 

P5 - -0.5792 -53.30 

P6 - -1.0002 - 
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Fig. 8. Comparison of the SIMN obtained in the passage designed by the 
genetic algorithm and the target SIMN. 
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Fig. 9. Convergence history of the objective functions in the optimization
process with the genetic algorithm (a) at each generation (b) overall itera-
tions. 
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5. Conclusions 

In order to develop a linear cascade experimental apparatus 
with only a single-blade without any suction bleed devices or 
adjustable tailboards to achieve the same flow patterns that is 
obtained with an infinite cascade flow condition, sidewalls 
were designed using an optimization method with fourteen 
design variables which could control the sidewall shape. The 
SIMN distribution was adopted as the desired variable to 
demonstrate periodic flow conditions. In the passage designed 

with the genetic algorithm, the computed SIMN on the pres-
sure surface of the blade matched well with the target SIMN 
obtained with the periodic flow condition but there was a 
minute discrepancy on the suction surface. A better matched 
SIMN on the suction surface could be obtained by applying 
more design variables. The flow structures within the passages 
were illustrated using the Mach number contours. The Mach 
number contours within the inverse designed passage matched 
well with those obtained with the periodic flow condition. 
This design method for the sidewall could be applied to de-
velop a cascade experimental apparatus which uses only one 
or a few cascade blades without the tedious work required to 
establish infinite cascade flow conditions.  

 
Acknowledgment 

The authors would like to acknowledge the financial sup-
port offered by grant (No. KRF-2008-005-J01001) from the 
Korea Research Foundation Grant and a grant (CH3-101-04) 
from the Carbon Dioxide Reduction & Sequestration Research 
Center, one of the 21st Century Frontier Programs funded by 
the Ministry of Education, Science and Technology funded by 
the Korean government. 
 

Nomenclature------------------------------------------------------------------------ 

c   : Blade chord 
*H   : Objective function 

X   : Design variables 
x, y : Cartesian coordinates 
y+   : Non-dimensional wall unit 
 
Greek 

Γ   : Blade coordinate (x or y/c) 
τ    : Surface isentropic Mach number 
ω   : Weighing function 
 
Subscripts 

inf  : Periodic flow condition 
suc  : Suction surface 
pre  : Pressure surface 
X, Y : x- and y-direction 
 
Abbreviations 

SIMN : Surface isentropic Mach number distribution 
MMFD : Modified method of feasible direction 
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