








A Appendix

A.7.3 ReC = 71,400
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A.8 Entropy Production Rates

A.8 Entropy Production Rates

A.8.1 ReC = 34,000

Table A.3: Averaged rates of terms contributing to entropy production for ice-
contoured endwalls and baseline at ReC = 34,000, in e−4WK−1; numbers
in brackets indicate difference to baseline

Θ ṠDiss,mol ṠDiss,turb ṠHeat,mol ṠHeat,turb Ṡtotal

6.5 1.211
(0.048)

1.530
(0.164)

78.914
(−3.533)

40.000
(2.013)

121.656
(−1.307)

8.5 1.252
(0.089)

1.433
(0.067)

78.941
(−3.506)

38.855
(0.868)

120.481
(−2.482)

12.2 1.285
(0.122)

1.483
(0.117)

78.313
(−4.134)

38.867
(0.880)

119.948
(−3.015)

BSL 1.163 1.366 82.447 37.987 122.963

A.8.2 ReC = 71,400

Table A.4: Averaged rates of terms contributing to entropy production for ice-
contoured endwalls and baseline at ReC = 71,400, in e−4WK−1; numbers
in brackets indicate difference to baseline

Θ ṠDiss,mol ṠDiss,turb ṠHeat,mol ṠHeat,turb Ṡtotal

6.5 7.425
(0.243)

8.108
(0.419)

123.984
(−4.770)

85.615
(1.140)

225.133
(−2.968)

8.5 7.415
(0.232)

8.109
(0.421)

121.023
(−7.731)

84.274
(−0.201)

220.821
(−7.280)

12.2 7.527
(0.345)

8.317
(0.628)

118.657
(−10.097)

84.529
(0.054)

219.030
(−9.071)

BSL 7.183 7.688 128.754 84.476 228.100
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A Appendix

A.9 Contour Optimized with Respect to Vane

Passage Heat Tranfer

A.9.1 Bézier Curves after Optimization
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Figure A.5: Bézier splines B1-B5 for endwall contour optimized with respect to min-
imum vane passage heat transfer; optimized from ice-contoured endwall
at ReC = 49,900 and Θ = 8.5
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A.9 Contour Optimized with Respect to Vane Passage Heat Tranfer

A.9.2 Average Heat Transfer Coefficients

Table A.5: Heat transfer coefficients area-averaged over endwall segments for con-
tour optimized with respect to vane passage heat transfer, based on ice-
contoured endwall with short cooling length at ReC = 49,900 and Θ = 8.5;
values for baseline included for comparison

Inlet Transition
inlet

Vane
passage

Transition
outlet

Outlet Total

Optimized 27.49 21.40 28.98 47.38 36.92 30.17
BSL 27.66 21.38 29.76 43.50 36.09 29.80

Difference −0.61% 0.10% −2.62% 8.91% 2.28% 1.24%
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A Appendix

A.10 Optimized Endwall Contour OCBSL

A.10.1 Bézier Curves after Optimization
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Figure A.6: Bézier splines B1-B8 for optimized contour OCBSL at ReC = 49,900
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A.10 Optimized Endwall Contour OCBSL

A.10.2 Average Heat Transfer Coefficients

Table A.6: Heat transfer coefficients area-averaged over endwall segments for opti-
mized contour OCBSL at ReC = 49,900; values for baseline included for
comparison

Inlet Transition
inlet

Vane
passage

Transition
outlet

Outlet Total

OCBSL 27.66 21.99 27.65 43.90 34.76 29.45
BSL 27.66 21.38 29.76 43.50 36.09 29.80

Difference 0.00% 2.85% −7.07% 0.92% −3.69% −1.20%

Table A.7: Heat transfer coefficients area-averaged over endwall segments for opti-
mized contour OCBSL at design Reynolds number ReC = 200,000; values
for baseline included for comparison

Inlet Transition
inlet

Vane
passage

Transition
outlet

Outlet Total

OCBSL 36.45 38.83 54.45 88.68 74.02 50.87
BSL 36.45 37.36 58.48 85.30 72.99 50.49

Difference 0.0% 3.94% −6.84% 3.96% 1.41% 0.75%
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A Appendix

A.11 Optimized Endwall Contour OCBSL,2

A.11.1 Bézier Curves after Optimization
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Figure A.7: Bézier splines B1-B3 for optimized contour OCBSL,2 at ReC = 49,900

XVIII



A.11 Optimized Endwall Contour OCBSL,2
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Figure A.8: Bézier splines B4-B8 for optimized contour OCBSL,2 at ReC = 49,900
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A Appendix

A.11.2 Average Heat Transfer Coefficients

Table A.8: Heat transfer coefficients area-averaged over endwall segments for opti-
mized contour OCBSL,2 at ReC = 49,900; values for baseline included for
comparison

Inlet Transition
inlet

Vane
passage

Transition
outlet

Outlet Total

OCBSL,2 27.54 22.50 25.82 40.45 28.86 27.76
BSL 27.66 21.38 29.76 43.50 36.09 29.80

Difference −0.43% 5.23% −13.22% −7.02% −20.06% −6.90%

Table A.9: Heat transfer coefficients area-averaged over endwall segments for opti-
mized contour OCBSL,2 design Reynolds number ReC = 200,000; values
for baseline included for comparison

Inlet Transition
inlet

Vane
passage

Transition
outlet

Outlet Total

OCBSL,2 36.26 39.68 52.24 77.78 63.22 47.62
BSL 36.45 37.36 58.48 85.30 72.99 50.49

Difference −0.52% 6.21% −10.67% −8.82% −13.38% −5.68%
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A.12 Overview of Created Endwall Contours

Name Type Goal function Experimental
parameters

Parametrization Optimization
space

Ice contour short cooling
length ICIFM

Ice
contour

Ṡ global ReC = 49,900
Θ = 12.2

- -

Optimized contour
global heat transfer
OCIFM

Optimized
contour

htc entire endwall - Based on ICIFM 0 < z < 10
(in mm)

Optimized contour vane
passage heat transfer

Optimized
contour

htc vane passage - Based on ice contour
short cooling length
at ReC = 49,900 and
Θ = 8.5

0 < z < 10
(in mm)

Ice contour long cooling
length

Ice
contour

Ṡ global ReC = 49,900
Θ = 12.2

- -

Optimized contour from
baseline OCBSL

Optimized
contour

htc vane passage - Based on flat endwall −5 < z < 5
(in mm)

Optimized contour from
baseline OCBSL,2

Optimized
contour

htc vane passage - Based on flat endwall −15 < z < 15
(in mm)

Table A.10: Overview of endwall contours created with the Ice Formation Method and with numerical optimization
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ReC = 49,900 ReC = 200,000

Name htc difference
entire endwall

htc difference
vane passage

htc difference
entire endwall

htc difference
vane passage

Difference
Cp,tot

Ice contour short cooling
length ICIFM

-5.20% 1.71% -9.05% 2.30% 11.65%

Optimized contour
global heat transfer
OCIFM

-8.49% 1.68% -8.85% 1.74% 7.39%

Optimized contour vane
passage heat transfer

1.24% −2.62% - - -

Ice contour long cooling
length

5.52% 33.60% - - -

Optimized contour from
baseline OCBSL

−1.20% -7.07% 0.75% -6.84% 3.21%

Optimized contour from
baseline with extended
optimization space
OCBSL,2

−6.90% -13.22% −5.68% -10.67% 11.81%

Table A.11: Overview of endwall contours created with the Ice Formation Method and with numerical optimization (Con-
tinued from page before)
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A.13 Publications and Related Work

A.13 Publications and Related Work

Parts of the present work have been published in [28], [78], and [81]. Further infor-
mation on the project, which this work was part of, can be found in contributions to
the Research Association for Combustion Engines (Forschungsvereinigung Verbren-
nungskraftmaschinen e.V., FVV) [27, 79,80].
Within the framework of the present work, the following student theses emerged:

• Ryusuke Daniel Kambara Martin: Optimization of the flow field around a cars
tail; Bachelor Thesis, 2011

• Andreas Grybos: Numerische Untersuchung der Umstrmung verschiedener ex-
perimentell erzeugter Heckgeometrien einer Mercedes-Benz E-Klasse; Studien-
arbeit,2011

• Gabriele Frank: Implementierung und Validierung des SST-Zwei-Gleichungs-
Modells nach Menter in OpenFOAM; Diplomarbeit, 2012

• Janosch Brucker: Numerische Untersuchung experimentell erzeugter Seiten-
wandtopologien mit OpenFOAM; Bachelor Thesis, 2013

• Anton Kierig: Numerische Optimierung der Schaufelseitenwand einer Nieder-
druckturbinenschaufel; Bachelor Thesis, 2013

• Timon Hitz: Numerical Simulation of Entropy Production in Turbulent Flow
Around a Turbine Vane; Diplomarbeit, 2015

XXIII


