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sallus s simpleFoam Xl> L OpenFOAM l33la 5 1o oadsaislo sla Jas i Sliy> sal, s
ool ren el oad @l)) Al ol et Joe 6395 sl b 40 35350 Sledbl (oLl
s K p U o b “polyMesh” saig 5 Sconstant” gais ,o blockMesh Lol LB F (glgioe

Sl oo ools lid 3 0 cud 5 4 907 gadgy o epsilon

e Fe CAt —F e *\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
[\ / 0 peration | Version: 2.4.0 [
| A\ / A nd | Web: www . OpenFOAM. org \
| \\/ M anipulation | |
N\ */
FoamFile
{

version 2.0;

format ascii;

class dictionary;

object blockMeshDict;

}

//*************************************//

convertToMeters 1;

vertices

(

eNeoNeololoNeoNoNoNoleoNoNoNoNoNoNoNoNoNoBoNoNoNoNe)
O OY OO OO OO O0OWO OO OO

OCO0OO0OO0OO0OUOWOHOOOOOOOW
=

O O O oo
o
(@)

);

blocks

(
hex (0 1 3 2 12 13 15 14) (200 75 25) simpleGrading (1 1 1)
hex (2 54 14 15 17 16) (200 100 25) simpleGrading (1 1 1)
hex (4 57 6 16 17 19 18) (200 75 25) simpleGrading (1 1 1)

w
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hex (3 8 10 5 15 20 22 17) (100 100 25) simpleGrading (1 1 1)
hex (8 9 11 10 20 21 23 22) (100 100 25) simpleGrading (1 1 1)

)

edges
(
)i

patches
(
patch inlet
(
(12 14 2 0)
(14 16 4 2)
(16 18 6 4)
)

patch outlet
(

(21 23 11 9)
)

wall upperWall

(
(6 18 19 7)
(5 17 22 10)
(10 22 23 11)

(5 7 19 17)

)

wall lowerWall
(
(01 13 12)
(3 8 20 15)
(8 9 21 20)
(1 3 15 13)
)

wall frontAndBack
(

a1 w

3 1)
5 3)
7 3)
10 8)

1 9)

0 W s N O
= oo N

0
01
(12 13 15 14)
(14 15 17 16)
(16 17 19 18)
(15 20 22 17)
(20 21 23 22)

)

mergePatchPairs
(
)i

// hhkrxhkhkhk kA hhkhAhhkrkhhkrhkhkhhhhhkrhhkhkhhkhhkhkhhkhhhkrhhkhkhkhkhhkhkhhdrhhkrhhkhkhhkhkrhhkrhkkhkrxhkxhk*x //
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e K CAt —F e *\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
[\ / 0 peration | Version: 2.4.0 [
| AN\ / A nd | Web: www .OpenFOAM. org |
| \\/ M anipulation | [
N\ K */
FoamFile
{

version 2.0;

format ascii;

class volVectorField;

object U;

}

//*************************************//

dimensions [01 -1 00 0 0];

internalField uniform (0 0 0);

boundaryField
{

inlet

{
type fixedValue;
value uniform (0.3 0 0);

}

outlet

{
type zeroGradient;

}

upperWall

{
type fixedValue;
value uniform (0 0 0);

}

lowerWall

{
type fixedValue;
value uniform (0 0 0);

}

frontAndBack

{
type fixedValue;
value uniform (0 0 0);

// KA AR AR A A A A A A AR A A A A A A AR AR A AR A AR AR A AR A A A AR A R A AR A A A AR A AR A A A AR AR A kA A A A Ak kA Ak K,k //
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VY.

oamFile

version

format

class

object
}

// *x k k Kk Kk %

___________________ * — C++ S
|
ield | OpenFOAM: The Open Source CFD Toolbox
peration | Version: 2.4.0
nd | Web: www .OpenFOAM. org
anipulation |
2.0;
ascii;
volScalarField;
p;

* k kK Kk Kk k Kk Kk Kk Kk K* * Kk Kk K*x Kk k¥ k¥ *x Kk * k¥ Kk *x * k¥ *k *x * * * //

dimensions [02 -2 000 01;
internalField uniform O;
boundaryField
{
inlet
{
type zeroGradient;
}
outlet
{
type fixedvValue;
value uniform O;
}
upperWall
{
type zeroGradient;
}
lowerWall
{
type zeroGradient;
}
frontAndBack
{
type zeroGradient;

}
}

// hhkhhkhkhkhhkhhk Ak hhkhhhkrhkhkhkhhkhhkrhhkhhkhkrhkhkhk kA hhkrhhkrhkhk vk hkhkhhkhhkrhkkrhkhkrhkhkhkhkhkhhkrxhkxkkxx*x //
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e K CAt —F e *\
| ========= | |
I\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
AN /0 peration | Version: 2.4.0 [
| AN\ / A nd | Web: www .OpenFOAM. org |
| \\/ M anipulation | |
N\ o */
FoamFile
{

version 2.0;

format ascii;

class volScalarField;

location "or;

object k;

}

// * k ok kK ok ok kK Kk Kk x Kk Kk Kk *x Kk Kk *x *k Kk Kk * Kk Kk *x * Kk Kk * Kk *k *x * Kk *x * * * //

dimensions [02 -2000 0],

internalField uniform 0.0003375;

boundaryField
{
inlet
{
type fixedvalue;
value uniform 0.0003375;
}
outlet
{
type zeroGradient;
}
upperWall
{
type kgRWallFunction;
value uniform 0.0003375;
}
lowerWall
{
type kgRWallFunction;
value uniform 0.0003375;
}
frontAndBack
{
type kgRWallFunction;
value uniform 0.0003375;

}

// Ak hkkrkhhkhhkhkhk kA hhkhkhhkhhhkrhkhkhhhkhhkdhhkrhkhkrhkhkhhhkhhkrhhkhkhhkrhkhkhkhkhkhkhkrhkkhkrhhkrkhkhkhkhxhkxx //
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[ r e Fe Cht —F e *\
| ========= | |
[\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
I\ / O peration | Version: 2.4.0 [
| \\/ A nd | Web: www . OpenFOAM. org |
| \\/ M anipulation | [
| K */
FoamFile
{

version 2.0;

format ascii;

class volScalarField;

location "o";

object epsilon;

}

// * xk k kK ok x Kk Kk x * Kk *x *x *k Kk *x * Kk *x *x Kk *k *x * Kk *x *x * *k *x * * *x *x * * *x //

dimensions [02 -3000 071;

internalField uniform 2.79%9e-4;

boundaryField
{

inlet

{
type fixedvValue;
value uniform 2.79%e-4;

}

outlet

{
type zeroGradient;

}

upperWall

{
type epsilonWallFunction;
value uniform 2.79%e-4;

}

lowerWall

{
type epsilonWallFunction;
value uniform 2.79%9e-4;

}

frontAndBack

{
type epsilonWallFunction;
value uniform 2.79%e-4;

// hhkhhkhkhkhhkhhk Ak hhkhhhkrhkhkhkhhkhhkrhhkhhkhkrhkhkhk kA hhkrhhkhhkhkrhkhkhkhhkhkhkrhkhkrhkhkrhkhkhkhkhhhkrxhkhkxkkxx*x //



OpenFOAM 3810 55 38 75T salluws adgl leMbl ¥ g

13 S92 g0 ledlbl dnterFoam Xl> L OpenFOAM l33la 5 o 5T sallus Jao Oldj> (o Cg>
Gipgy onl g S sbel jl cal S ap3Y il sad ) Alass ol (iies Joe (53955 sla s
blockMesh : Lol L1 # slyiome el 03,5 1, 1T sallae 92 5 OT (505 90 (3L > bl YU Sl
Gase o epsilon o k p U alpha.water sls Ll “polyMesh” gais i ; <‘constant” gdlg ,o

. ES e . e 1772 %R
el 0ol ealo QL“’)%))° yﬁy]:dg 0

[ e CHt e *\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
[\ / 0 peration | Version: 2.4.0 [
| A\ / A nd | Web: www .OpenFOAM. org \
| \\/ M anipulation | |
K */
FoamFile
{

version 2.0;

format ascii;

class dictionary;

object blockMeshDict;

}

//*************************************//

convertToMeters 1;

vertices

(

(0 0 4)
(100 0 4)
(0 36 4)
(172 36 4)
(0 44 4)
(188 44 4)
(0 130 4)
(360 130 4)
(0 0 79)
(100 0 79)
(0 36 79)
(172 36 79)
(0 44 79)
(188 44 79)
(0 130 79)
(360 130 79)

(0 0 0)
(100 0 0)
(0 36 0)
(172 36 0)
(0 44 0)
(188 44 0)
(0 130 0)
(360 130 0)
(222 36 4)
(222 44 4)
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WY

(222 36 0)
(222 44 0)

(0 140 4)
(360 140 4)
(0 140 79)
(360 140 79)
(0 140 0)
(360 140 0)
(0 140 0)
(360 140 0)
)

blocks

(
hex (
hex (
hex (

SN O

hex (16 17 19 18
hex (18 19 21 20
hex (20 21 23 22
hex (19 26 27 21

hex (22 23 33 32

hex (6 7 29 28 14 15 31 30) air (360 20 150) simpleGrading (1 1 1)

boundary
(
inlet
{
type patch;
faces
(
(0 2 18 16)
(0 8 10 2)

(2 4 20 18)
(10 12 4 2)

(4 6 22 20)
(12 14 6 4)
)
}
outlet
{
type patch;
faces
(
(24 26 27 25)
) ;
}
storageWall
{
type wall;
faces

0 16 17 1)

11 13 12 10)

(

(

(8 9 11 10)

(

(13 15 14 12)

0

N

4

3

6

1328 911 10) (360 72 150) simpleGrading (1 1 1)
35410 11
57 6 12 13

13 12) (360 16 150) simpleGrading (1 1 1)
15 14) (360 172 150) simpleGrading (1 1 1)

1 3 2) (360 72 8) simpleGrading (1 1 1)
35 4) (360 16 8) simpleGrading (1 1 1)
5 7 6) (360 172 8) simpleGrading (1 1 1)

24 25 5) (100 16 8) simpleGrading (1 1 1)

7 29 28) air (360 20 8) simpleGrading (1 1 1)



(14 15 31 30)

(7 23 33 29)
(15 7 29 31)
)
}
symmetricPlanes
{
type symmetryPlane;
faces
(
(16 18 19 17)
(18 20 21 19)
(20 22 23 21)

(22 32 33 23)

(19 21 27 206)
)

mergePatchPairs

A OpenFOAM |l38ls 5 o SOl (gallus adsl ledbl ¥ g

)

}

dam

{
type wall;
faces
(

(1 17 19 3)

(9 1 3 11)

(11 3 5 13)

(5 21 23 7)

(13 5 7 15)

(24 25 5 3)

(25 27 21 5)

(3 19 26 24)
);

}

atmosphere

{
type patch;
faces
(
(28 29 33 32)
(30 31 29 28)
)

}

atmospherewall

{
type wall;
faces
(

(22 6 28 32)

(6 14 30 28)

// khkhhkrkhhkrhkhkh kA hhkdhhkhhkhkhhkhkhkhkhkhhkdhhkhhkhkhhkhkhhkdhhkrhhkhkhhkrhkhkhhkdhhkrhkhkrhhkrhkkhkxhkx* //
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[ r e Fe Cht —F e *\
| ========= | |
I \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
I \\ / O peration | Version: 2.4.0 |
| \\  / A nd | Web: www . OpenFOAM. org |
| \\/ M anipulation | |
| K */
FoamFile
{

version 2.0;

format ascii;

class volScalarField;

object alpha.water;

}

//*************************************//

dimensions [0O0OO0OO0O0O0O01;

internalField uniform O;

boundaryField
{
inlet
{
type fixedValue;
value uniform 1;
}
outlet
{
type fixedValue;
value uniform 1;
}
storageWall
{
type zeroGradient;
}
dam
{
type zeroGradient;
}
atmosphereWall
{
type zeroGradient;
}
atmosphere
{
type inletOutlet;
inletValue uniform 0;
value uniform 0;
}
symmetricPlanes
{
type symmetryPlane;
}
defaultFaces
{
type empty;

}
}

// R R R I b S b I IR e S b b S S b I S S S SE b Sb b I b S 2h b Sb b S b e Sh b S b b Sb b b Ib S S b b S b I 2R S b S Sb e Sh b b Sb b S db b S db I 4 4 //
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e K CAt —F e *\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
[\ / 0 peration | Version: 2.4.0 [
| AN\ / A nd | Web: www .OpenFOAM. org \
| \\/ M anipulation | [
N\ K */
FoamFile
{

version 2.0;

format ascii;

class volScalarField;

object s

}

//*************************************//

dimensions [1 -1 -2 00 0 0],

internalField uniform 0O;

boundaryField
{

inlet

{
type fixedFluxPressure;
value uniform 0;

}

outlet

{
type fixedFluxPressure;
value uniform O;

}

storageWall

{
type fixedFluxPressure;
value uniform O;

}

dam

{
type fixedFluxPressure;
value uniform O;

}

atmospherewWall

{
type fixedFluxPressure;
value uniform O;

}

atmosphere

{
type totalPressure;
rO0 uniform 0;
U U;
phi phi;
rho rho;
psi none;
gamma 1;
value uniform 0;

}

symmetricPlanes

{
type symmetryPlane;

}

defaultFaces

{
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type empty;

}

// KA KA AR AR A A A A AR AR A A A A A A AR A A A A A A AR A A A IR A A A A KNI IR A A A AR AR A A A A AR A AR A A A A A Ak Ak K,k //

[ Fe CHt —Fmmmm e *\
| | |
| ield | OpenFOAM: The Open Source CFD Toolbox |
| peration | Version: 2.4.0 |
| nd | Web: www.OpenFOAM. org |
| anipulation | |
___________________________________________________________________________ */

FoamFile
{

version 2.0;

format ascii;

class volScalarField;

location "o";

object k;

}

//*************************************//

dimensions [02 -2000 0],

internalField uniform 0.001;

boundaryField
{

inlet

{
type fixedValue;
value uniform 1.44e-7;

}

outlet

{
type zeroGradient;

}

storageWall

{
type kgRWallFunction;
value uniform 0.001;

}

dam

{
type kgRWallFunction;
value uniform 0.001;

}

atmosphereWall

{
type kgRWallFunction;
value uniform 0.001;

}

atmosphere

{
type inletOutlet;
inletValue uniform 0.0015;
value uniform 0.0015;

}

symmetricPlanes

{
type symmetryPlane;

}
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defaultFaces
{
type empty;
}
}

// KR A A A AR AR A A A A A A A AR A A A A A A AR AR A I A A A A AR A A A A A A AR A KA I A A I A AR A A A A A A AR A AR A A AR,k k K //

e K CAt —F e *\
| ========= | |
[ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
[\ / 0 peration | Version: 2.4.0 [
| AN\ / A nd | Web: www .OpenFOAM. org |
| \\/ M anipulation | |
K */
FoamFile
{

version 2.0;

format ascii;

class volScalarField;

location "or;

object epsilon;

}

//*************************************//

dimensions [02 -3 000 071;
internalField uniform 0.00001;
boundaryField
{
inlet
{
type fixedvalue;
value uniform 4.97e-11;
}
outlet
{
type zeroGradient;
}
storageWall
{
type epsilonWallFunction;
value uniform 0.00001;
}
dam
{
type epsilonWallFunction;
value uniform 0.00001;
}
atmosphereWall
{
type epsilonWallFunction;
value uniform 0.00001;
}
atmosphere
{
type inletOutlet;
inletValue uniform 1.04e-5;
value uniform 1.04e-5;

}

symmetricPlanes
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\Y-

{

type symmetryPlane;
}
defaultFaces
{

type empty;

}

// KA AR AR AR A A A A A A AR A AR A A A A AR A A A A A A AR A A AR A A A AR A I A A A A AR AR A A A A AR A A A A A A Ak hA Ak K,k //



Abstract

In this research, the shape of hydropower intakes was optimized by optimality criteria method
to reduce the energy loss. The optimization criteria was streamlining and the optimization
variables defined as solid boundaries coordinates. Since some aspects of intakes are not
specified in the design procedure, proposing a numerical method to such designs was the main
goal of this research. To optimize the shape of intakes by optimality criteria method a computer
program, called Streamlining Programming Code (SPC), was developed in C++ programming
language to streamline the cross sections of transitional sections by solving potential flows in
order to obtain the streamlines coordinates and maps a selected streamline to the solid
boundaries. To verify SPC, OpenFOAM software was used and modeled the potential flow of
a contraction. The results showed that SPC has a good agreement with OpenFOAM software.
So after validating the results of OpenFOAM by a similar research in turbulent modeling, the
results obtained from OpenFOAM was validated. Finally, for optimizing the shape of intakes,
as contractions have similarity with the intakes in horizontal section, first a contraction
optimization was carried out. By optimizing the contraction defined in this research, the method
used for shape optimization was confirmed to have the ability to present the optimum shape in
this field. To optimize the shape of intakes, results from SPC was compared with recommended
shapes of USBR and Indian Standard. The results illustrated that the shape obtained from SPC,
enhanced the performance of intake about 2 percent in comparison with recommended shapes.
In conclusion, the results demonstrated that the method used in this research has the ability of
optimizing the hydraulic structures and different applications in the relevant fields.

Keywords: Optimization; Optimality Criteria; Computational Fluid Dynamics; Streamlining;
OpenFOAM Software; Turbulent Flows; Contractions; Hydropower Intakes; Pressure Loss;
Energy Loss; Reservoir Modeling.
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