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Introduction

This manual is to describe the work with NaysEddy by giving two examples, and explains how the user can
solve the flow accurately using iRN®u can understand how to apply NaysEddy sufficiently if you follow the
procedures shown in this manual step by step. The user manual of iRIC and the solver manual for NaysEddy
will help you to obtain a better understandings on the contents of this presgamples manual.

NaysEddy is compiled under iRIC interface. Therefore, to use NaysEddy, basic knowledge about iRIC is
necessaryThis manual is based on the assumption that you have installed the iRIC software on your computer.
If you have not instadld the iRIC softwargleasedownload it from the following URL and install it on your
computer.

http://i -ric.org/downloads
Software: iRIC version2.0

Main contents of this manual are,
Chapter 2. Example of thredimensional flow computations on coshfie@rm dunes utilizing NaysEddy Chapter
3. Example of computatioren a threedimensional arbitrarypedtopographyusing NaysEddy

Note Themain purpose of thisnanualis justto show the practical and concrete examptdomputational
procedure using NaysEgldSome detailed physical explanations are thus omitted for simplicity, such as, model
descriptions and the physical background of the each phenomenon, etc. The adequate setting of the
computational grid is also very important to replicate detailed thdimensional flow structures.

The following figure shows the steps necessary in simulation of flow using NaysLES.

Launch NaysEddyPrepare to use Naggdyin iRIC

Generating the computational gridienerate the computational grid by usin
the related grid generator for NaysEddy

Setting the computational conditionSet initial and boundary conditions, et

Running a simulatianUse Nay&ddyto run a simulation.

Visualizing the simulated resultgisualize the simula&dresults by contour
mays, vectors, streamlirs particles.




Getting started

The starting step of the simulation in iRIC is the selection of a suitable solver. In order to select the desired
solver, you need prior information about the functions of each solver. It can be obtaim®dRIC user manual.

Here, we explain an application to NaysEddy. This solver can be run by opening iRIC, and Shieatahipiv
t N22SO006 FTNBY aAwL/ {GFNI tF3ISeod

5 A | f 2REC Saft Pagéb[CreateNew ProjectI h[NaysEddy v.1.0 xxx]

i |iRIC Start Page 3

= iRIC
II Welcome to iRIC!
iRIC can simulate rivers from Colorado River to the Nile
IStart Simulation Projectl Support
| 1 Create New Project...l = Qpen Project File...l
Recent Sclvers: Recent Projects

Close

It is also possible to select your solver via menu bar.
Select Menu bafb[New ProjeckH[NaysEddy v.1.0 xkx

T T W

Fle | Import Simulation Calculation Result View Option Help

1 New Project.. cri+N |8 &
& Open.. Ctrl+0
=l  Save Cirl+S

Save As File(*.ipro)...
Save As Project...

= Property..
@ Save Snapshot..
& Continuous Snapshot / Google Earth Export..
< Import 4
*  Export L
Recent Projects 4

Show iRIC Start Page...

Exit

A dialog will appear.



Select NaysEddy v.1.0 X OK]

When you create a new project, you have to select the solver to use for calculation. Please select a solver,
and press " QK" button.

Nays2DH 1.0 64bit
NaysEddy v.1.0 x64
CERIID v1.0

delftflow

Elimo

FaSTMECH

Morpho2D

Nays2D 4.2 64bit
Nays2D Flood v4.1 64 bit
NaysCUBE v.2.33.6 64bit
River2D

River Hybrid 1

SToRM

Basic Information

Marme MNaysEddy w1 0 x64
Yersion 10

Copyright  Mohamed MNaki
Release  2014/04/23

Homepage http Mwww . m—nahbicoms

| Description | _Ligense |

MaysEddy is a three—dimensional solver for calculation of unsteady flows using -
Cartesian coordinates. It solved the complex geametries in a rubost way by using
ghost—cell immersed houndary technigues. The solver is based on full Mavier—
Stakes equations and apply large—eddy simulation (LES) as turbulemce closure

This solver was initially developed by Mohamed Mabi of Hokkaido University in L
2007 (At that time, he was a PhD candidate in Delft University, the Netherlands) | =
Since MaysEddy is a fully three—dimensional karge—eddy simulation maodel, it
generally reguires more CPU time than two—dimensional models and models based
on RANS. Although this engine is basically not suitable for computations of large
reach of rivers, it will become a powerful tool to analyze detailed structures of
flows with local or segment scales in rivers




Simulation of flow over dunes

1. Purpose ofthis example

This is an example fapplying NaysEddy iRIC tocalculat the flow on a bed covered with dunes, using
large-eddy simulation Reading this section enables you to understand the basic operations of NaysEddy in
simulating the flow.

2.  Generate a computational grid

Generate a computational grid with a rectangular cross sec¢tidre applied for NaysEddy solver. The grid for
NaysEddy is different than the common grids used in iRIC interface. For NaysEddy, you need to choose the
related ogion carefully.A wrong glection may lead to unpredictable computational errorsinstabilities In

order to generate a grid for NaysEddy, you can follow the next steps:

Select Menu bafb[Grid] 'b[Select Algorithm to Create Grid].

Then from the dialog,

[Select grid creating algorithnip[Cartesian Grid for NaysEddy xxx]

li  Select Grid Creating Algorithm E

Algorithm: Description:

Create grid from polygonal line and widt| " Cartesian Grid for MaysEddy” is a Cartesian grid
- - generatar for the solver ™ NaysEddy™ . This engine
Create grid from from river survey data generates Cartesian grids on arbitrany topography.
Create grid by dividing rectangular regiol The bed topography can be selactad from the
- PR, P library, ar can be defined by the user wvia an input
Create grid by dividing rectar?gular regiol file. The input file includes a uniform Cartesian
Create compound channel grid grid with nodes coordinates and bed elevation (on
Cartesian Grid for NaysEddy x64 nodes), but the resolution of the grid is not
- - - necessary to be equal to the final grid.
Multifunction Grid Genarator

Simple Grid Genarator

oK l I Cancel

Presson OK. The grid dialog appedrsthis example, we solve the flow on cosine form crested bed. The stoss
side of the dunes are cosine form and they are followetkebyside with a defined angle.



Groups
Grid

Geometny

20-Dune cosine <

Bedform length [m] 1

Bed topography

Bedform wicth [m] 05
Bedform height [m] 01

Angle of lee—side [deg]

Mumber of bedforms

Bed topography file ad the file here

Grid points

Miniraurn = [n]
Minirmurm v [m]
Zero level [m]
rix {imax=2"rx)

Fy { =2 )

[Qreate Grid ] [ Cancel

Bed topographyh [2D-Dune
cosine]

Bedform length [mJhl
Bedform width [m]H0.5
Bedform height [m]H0.1
Angle pf leeside [deg]H30
Number of bedform$bh2
Minimum x [m]MH0
Minimum y [m]H0

Zero level [mTH0

nx (imax=2"nxfH8

ny (jmax=2"ny)H6

Click on [Create Grid]. You will be asked either you want to map geographic data to the grid attributes. Click

on [Yes].The computational grid will be generated as follows;

‘;LEE

i Untitied - iRIC [NaysEddy v.1.0 64] - [Pre-processing Window] —
7 Eile Impont Geooraphic Data Grid Measured Values Caloulation Condition Simulation  Calculation Result Yiew Option Help
B T R TS RACL I Y P L1 T -
+ 4 %

Objact Browser x
4 ] O Geographic Data
7| 3 Elevation
¥| O Grid Creating Condition
4 7] 2 Grid (257 x 65 = 16705)
) ) Grid shape
Q) Node attributes
¥] £ Measured Values
%] © Background Images
9] ) Axes
4 W] 0 Distance Measures
7 1) Measurel

X: 143653273582

¥: 0.65894395113
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b Ui RC sy 100 P prosing Wigor
* Eile Import Geographic Data Grid Measured Values Calculation Condition Simulation Calculation Result View Qption Help
Ped@9 O™ B x5 X «wt ) QAQ w2 2 PE SEE DK €
+* ¥ X
Object Browser
4 [ & Geographic Data
V! O Elevation
Y] D) Grid Creating Condition
4 |¥ Q Grid (257 x 65 = 16705)
¥ () Grid shape
4 | @ Node attributes
¥ 1) Elevation
¥ 2 Measured Values
| & Background Images
V. ) Axes

4 [¥] & Distance Measures

X: 158049559593 |Y: 038941270113

The bed topography can be also seen in a 3D view. In order to edethtopography in 3D, select

Start menub[Grid] Thw h LIS Y -EyeiVedR \Wisdow]

0.550

0.400

y 0250

0.100
-0.0500

-0.200

However, the ratio of bed height to bed with is automatically adjusted. You can change the aspect ratio by

Select start Menurb[Draw] 'h[Z-direction Scale]
YR OKIy3S (RENBOVIREY WOsf %E

G2

M P

& Z direction s... (284

Input new Z—direction scale

=

1.000 -

Ok l l Cancel

You can rotate the geometry by keeping [Ctrl] key and the right mouse bottom.

3. Solve the flow

As the grid is now ready, you can start the solution of the flow. The first step in the solution of the flow is

setting the condions. The conditions can betday



Start Menulb[Calculation Condition[b[Setting]
G/ | €obditbrd GRRIYE 2 3

¢t KS

3.1.Grid

Although the flow model is threelimensional, while the generated grid is twianensional. In order to
change he grid to a threadimensional form, we add horizontal layers. They are parallel layers starting from a
minimum zlevel. The value for [Minimum z] has to be smaller than the minimuaiue of the bed geometry.

As in the grid generation, we have chosezeeo level of 0, with bed height of 0.1, it makes a minimum value

of -0.05 for the bed.

Calculation Condition

I LILJIS thébbllbwangFiglre A &

Groups

Grid

Flow conditions
Time conditions
Initial and B.C.
Bed conditions

Solution conditi...
Hot Start conditi...

Domain
Minimurn 2 [m]

Maxirmurn z [m]

Grid points

nz (kmax=2"nz)

Output

Sawve and OIDsel | Cancel

3.2.Flow conditions

Minimum z [m]l'b-0.06
Maximum z [mJ'H0.2

nz (kmax=2"n2)H6

In this part, you need to enter the physicabperties related to the water.

li’ Calculation Condition M Kinematic ViSCOSity [m2/§]b
le6
Groups
Grid Kinematic viscosity [m2/s] 1e-06 .
Flow conditions Density [ke/m3] 1000 Density [kg/m3JH1000
Time conditions Gravity [m/s2] 981 .
Initial and B.C. Al e o Gravity [m/s2]'H9.81
Bed conditions
Solution conditi... .
Hot Start conditi... DISCharge [m3/sﬂ'b01
Qutput
Reset Save and Clasel | Cancel

AaK26Yy AY



3.3.Time conditions

This part sets the starting time and ending time and it determines the time step.

ji~ Calculation Condition @d—hj Start time [s]TH0
Groups i
. Start time [o] 5 End time [sTH1000
Flow conditions End time [s] 1000 . .
Time conditions Time step type Time step typd b[Automatic]
g‘iza' a”;’_ BC OFL number 035
ed conditions : CFL numbelrh0.35
Solution conditions Time step [s] Qo d-b
Hot Start conditions
Output
Reset Save and Olnsel | Cancel

3.4.Initial and boundary conditions

The boundary conditions as well as the initial conditions can be set by this option.

Ji Calculation Condition B.C. xdirection rb[Per|0d|C]
Groups . X i i
Grid Soundary conditions B.C. ydirection[Side wall]
Flow conditions BC. x—direction Periodic A
Time conditions B.C. y—diraction Sice—wall ~ . .
Initial and B.C. S drection e — B.C. directionp[Free surface]
Bed conditions S0 areet ILI
Solution conditi... Initial conditions . . .
Hot Startconditi i corutons (Uniforn disharge besed = Initial - conditions Iy [Uniform
Qutput .
elngti 1 discharge based]
v—velocity 0
Zeety , - Include initial perturbationsi
Include initial perturkations Yes i
Perturbations amplitude 00Mm [Yes]
Reset Save and C\DSEH Cancel t S NJJ dZN‘b I u 7\ 2 wéoj-

3.5.Bed conditions

The bed topography, which was generated by the grid generator, can be modified by adding roughness and
perturbations to mimic a realistic river bed.



Ji’ Calculation Condition M Bed typeI_b[Sedlment bed]

Groups i i
Grid e e [Sedimen beo ~] Sediment size [mnibl
Flow conditions Sediment size [mm] 1
Time conditions Roughness height [mm] 1 .
Inital and B.C. At ettt — Add bedperturbationsib[Yes]
Bed conditions .
Solution conditions Amplituda [mm] 0001 .
Hot Start conditions Amp“tude [m m]rb0001
Output
Reset Save and C\osel | Cancel

3.6.Solution conditions

The solution conditions, such as the constant for turbulence model, the interpolation method for the
immersed boundaries, and coefficients for the multigsolver, can be set here.

i Calculation Condition Smagorinsky constaiity0.16
Groups i i -
Grid Turodnes IBM interpolationM[Tri-linear]
Flow conditions Smagorinsky constant 016
Time conditions IBM interpolation Tri=linear A . .
Initial and B.C. Multigrid type lp[W-Cycle]
Bed conditions Multigric
Solution conditions Multigrid VWT
Hot Start conditions chlj indEy:e 7 = Cycle |nde*—b2
Qutput —
Pre—smoaothing 1=
Post—smoothing 1% Pre_smoothlngrbl
Maximum cycles per time iteration 50 %
Stop criterion 1e-08 .
Postsmoothingihl
? Save and C\Dsel | Cancel MaXImum CyCIeS per tlme
iteration 'H50
Stop criterionhl1e-8

3.7.Hot Start conditions

In the case, you need to start the simulation from a prior generated hotstart file, this option can help you to
read the related file.



Ji Calculation Condition l B S

Groups
Grid Hot start Mo .
Flow conditions Starting file | saveddat

Time conditions
Initial and B.C.
Bed conditions

Initialize time Mo

Solution conditions
Hot Start conditions
Output

Reset Save and C\osel | Cancel

3.8.0utput

Ji Calculation Condition

Groups

Grid Tirme interval for iRic output [s] 10
Flow conditions Output for hot start Yes ¥
Time conditions Time interval for hot start [s] 10
Initial a”q BC Tecplot output No =
Bed conditions o

Solution conditions Time interval for Tecplot [s] _1
Hot Start conditions Output folder c¥temp
Qutput § —

Qutput file name output

Reset Save and C\Dsel | Gancel

Hot startlH[No]

4. Run the simulation

Time interval for iRIC output [¢

10
Output for hot start [sTh[Yes]

Time interval for hot start [sb
10

Tecplot outputih[No]
Output folderc\temp

Output file namdhoutput

Now, you are in the state, able to run this simulation. To run the simulation choose,

Start menub[Simulation]'H[Run]

W] —
Calculation Condition | Simulation | Calculation Result  View Option
Qe [¢»++ 3 X /|Pp Run Ctrl+R

B Stop

= Solver Information...

Export solver console log...




Before the simulation starts, iRIC interface ask you either you need to save the project. Click andgeict
[Save as Project]. Nta anewdirectory and save the projeat that directory Be aware that NaysLERjuires
relatively large space on the harddisk.

Information Ji Select How to Save Proj

Please select how to save progct from the followings

We recommend that you save the project before starting the ® Save as Fike (ripm)
solver. Do you want to save? @ Save as Projct

Ok ] l Cancel

When the simulation starts, a new dialog appear as it is showmeifollowing fgure.

li- Untitled - iRIC [NaysEddy v.1.0 x64] - [Solver Console [NaysEddy v.1.0 x64] (running)] - ' . - r l'=' =) é}
- - — —
|® File Import Simulation Calculation Result View Option Help ===
Eaas D 2[5 | % B A erre T I P B S mE 5B =]

Step Number

Time Step

Time

Number of Poisson
Maximum divergence
Total divergence

5
1.030137305765153E-003
7.620117377336137E-003

7
1.457229122675541E-006

-6.645122183059383E-008

Step Number

Time Step

Time

Number of Poisson
Maximum divergence
Total divergence

6
9.646756459854061E-004
8.584793623325543E-003

7
1.223660271693072E-006

-3.852807927715811E-007

Step Number

Time Step

Time

Number of Poisson
Maximum divergence
Total divergence

-
9.100492734851636E-004
9.454842896810705E-003

7
1.072498124948B06E-006

-4.302554578731318E-007

mn

Step Number

Time Step

Time

Number of Poisson
Maximum divergence
Total divergence

8
B8.669352861100247E-004
1.026177828252073E-002

7

8.760383557182561E-007
-4.800886896342428E-007

Step Number
Time Step
Time

5
8.321196002303659E-004
1.115385788315110E-002 -~

5. Visualiz the results

After simulation, you may need to visualize the results. iRES a builin postprocessor which enables the
iRIC users to visualize the results without using a third party software.

Select [calculation resulflh[Open new3D postprocessing window] in menu bar, or click on the buitt
shown in the following figee

T . S ——
d Values Calculation Condition Simulation Calculation Result View Option Help
» 43 QAQ (et I pE| 2 EE wEY 8

| Open new 3D Post-Processing Window L




A 3D postprocessing window will operr.ou carslide or rotate the object by keeping [Ctrl] key and using they

mouse bottoms.

b Chtmpiiew ol (10) - IC My 10 354 - Pt seocessina G0 1 I ==
Ed Eile Import Draw Simulation Animation Calculation Result \iew Option Help
e B [ %= s b LG e P a 1°E) pa
RO @a t=80s
Objpct Browser X
4 [7] NaysEddy w10 x64 Grids
4 7] iRICZone
v Grid shape
¥ & Contour
- 2 Isosurface
T
) Pressure A — —
) Verticity A —_—
) Coherent I T -
) Velocity (magni. I T
S —— 7
4 [F] @ Streamlines | T !
) veocty L e /
4 [7 3 Particles ST |
) Velocity / T |\
¥ O Title 1|4' [ S
o / _— !
v Time v —— — 1
¥ 0 Axes —— |
— Vo
— |/
—
— \f
—
o
L
Time: asec
Ready foy— =

(i yIEYSt e

NB

QR
- U

Ly f ST
F YR I NI A

Cel+f) pan

+@ Zoom
+E5 Rotate

A YOUNEKSS  ciL230PeaSHaNITINGENERE a4 SINE(3
gL AtloftSd ¢KSe

FNE RAFTFSNBYy

For example,he velocity field can be easilymderstood by plotting the colors contours of the velocity.

Right click on [Contouflh[Properties]

Eu Contour Setting { 2 &J
Physical Value: |Velocity (magnitude) ¥ Faces Color Bar Setting
Vel e Face001 Direction
v i - - =
] Automatic 91 @ J @k
Ilane: 187816 Fill upper area
Min 0 Fill lower area Rt
Divisian Number. 10 : Ihin ) 1B
1 W J Tk
Colorma
" J Min 3 2 =
© N i J Max 3z 5
o K Min " 1B
) Custom | Setting K Max Jes
Enahled
Contour Setting
@) Color Frings () Contour Figurs () Isnlines
o) [Comen ]

Physical Value I'h [Velocity
(magnitude)

Click on [Add]
DirectionlhJ

Rangdbh
| MinThl
| Max'H257
J MinlpH32
K Minlh1l
K Max'Hh65

After clicking on [OK], the velocity contour appears as the following figure.



The isosurface is suitable to visualizing the flow structures.

Right click onlfosurfacém[Properties]

Physicat | t d4&oherent]

Iso Valudh250

After clicking on [OK], thisosurface of the turbulence coherent structurgspears ashe following figure.


































