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1 Introduction

RhinoCFD is a general purpose Computational Fluid Dynamics (CFD) software plugin, built

directly into the Rhino environmentt allows users to investigateow a fluid, which may be
gaseous or liquid, flows in or around the geometry being efled. The fluid may convect
or conduct heat, and may carry species such as pollutants. RhinoCFD pexpidts
optimization and testingvithout leaving the familiarity of the Rhino environment.

RhinoCB is based on PHOENI&®ngestablished genergburpose CFD codeith a proven
track record simulating scenas involving fluid flow, heat anchass transfer, combustion
and/or chemical reactiorfor a wide range ofndustrial and environmentaapplications
PHOENICS distinguishes itself from other CRidas® through its ease of use and inclusion
of innovative features all designed to help the user achieve the best simulation possible.

The layout of this document is as follows. Sectiozo®ers howto install RhinoCFand
Section 3 describes how tstart the software. Section 4 describes the RhinoCFD interface,
with specific reference to the toolbarAt this point the user is now ready to start setting up

a model An overview of how this is done is giverSction 5, withfurther detailbeing gien

in subsequent sections.

This document is intended to allow your@pidlygainfamiliarity with using RhinoCFEMore
comprehensive documents are provided for reference as nepdeshy are available from

the PHOENICS Online Information System (POQEIS)NOTE when reading the general
PHOENICS documentation such as that within POLIS, the user may encounter reterences

0KS ad+w Ly GdSNFI OS icabuser intkriace to PEHOENIBH isnwtlused/by 3 NI

RhinoCFD, which is based on the Rhino environment

LIK


http://www.cham.co.uk/PHOENICS/d_polis/polis.htm
http://www.cham.co.uk/PHOENICS/d_polis/polis.htm
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2 Installation of the RhinoCFD Plugin

2.1 Standard Installation

You will be supplied with two Rhino lhst £ SNJ FAf Sa O0SEGSyairzy aodNK
version of RhinoDouble clicking these icons will install the RhinoCFD plugins into a directory
on your computer.You need to double click on both plugins (in any order):

w RhinoSatexe: Linking Rhinbjects to the CFD properties and running the solver.

w VTKInRhino: Reading and displaying the results

2.2 Parallel Installation

Users who have purchased a licence allowing them to run RhinoCFD on multiple processors
will need to have M3/PI installed. RhinoCFD will work with version 6 of Microsoft MPI or
later. Please note that parallel RhinoCFD is not yet set up for cluster computing (currently
this enables users to run simulations on up to 16 processors on a single comgutémitall
MS-MPI doubleclick on:

wMSMPIsetup.exe: installs the parallel enabled version of RhinoCFD
MS-MPI will not need to be installed if M8PI version 6 or later is already installed on your

computer.

2.3 Tool Bar

On the first activation of RhinoCFD, the tool bar wippear on the screen.

RhinoCFD 03

P Y
EECTESE
LOEB®

Figure 1: RhinoCFD Undocked Toolbar

This can be dragged to the top of the screen to become a tab. It will then be presented as:
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ROV VEE CTNEECOD Ime

Figure 2: RhinoCFD Docked Toolbar

2.3.1 Replacing Legacy Toolbars

If the toolbar does not appearhéen a clean install is recommended. To complete a clean
install go to the file:AppData/Roaming/McNeel/Rhinoceros/5.0/PHuts and delete
both the VTKInRhino and RhinoSatexe filEsen complete the install again. The next time
you restart Rhino the todbar should appear on your screen.
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3  Starting RhinoCFD

3.1 How to start RhinoCFD

RhinoCFD can be started any time after Rhino3D has been launched. To start RhinoCFD go to
the RhinoCFD toolbar and click on the first iB .

A file location dialogvill appear where the working directory is to be selectethe working
directory isa folder where all files relating to your geometry and ChButation will be
saved. Next an optionglialogwill appear wherghe user should seledne ofthe available
versionsof RhinoCP.

. > ™~

Opencasein Choose menu option

® in current directory Core

in case directory

[ Cancel ]

Figure3: Start new case dialog
There are currently twoarsions of RhinoCFD:

Core The general milti-purpose PHOENICSFD solver, designed to lnsed for a wide
variety of uses

H.AIR FLAIR is a specialised version of PHOENI@QSefby architects and building services
engineers.FLAIR provides designers with a powerful and ¢asayse tool which can be used
for the prediction of airflow patterns, temperature distributions, and smoke movement in
buildings and other enclosed spacasd wind flows around buildings

¢KAa 3JFdzARS A& O2YyOSNYySR az2ftSteée gAGK a/ 2NBED

On exiting this dialog, a box representirige ttdomaire should then appear on the screen

and fit around all the objects created in RhjrsgeFHgure4. The domain wilbe the region

of space in which the CFD solution is performed; its extent may be adjusted by the user, as
will be described laterRhinoCFD is now ready to udeurther objects can be added latéir
required, e.g. to add flow and thermal boundary condlits.
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Figure4: Domain

3.2 Deactivating RhinoCFD

To stop using RhinoCFD, right click on the first toolbar RI. The domain will disappear
along with the all CFD attributes applied to Rhino objects.

3.3 Geometry Requirement

3.3.1 Correct 3D CFD Geonmgt

WKAYy2/ C5 KlIa 06SSy RSaA3aySR (2 0SS dzaSR 4A0K
meshes. In some instances some open elements will also be recognized and work correctly
provided the holes present in them are small when compared to the CFD meshvétowe

this is not guaranteed and where possible, this type of element should be avoided.

3.3.2 2D geometry

RhinoCFD does not recognize surfaces which are 2D objédtsese are present in your
model, flow will pass right through thenReal solids have itkness, and smodelled solids
must have thicknesalso. Note that for a solid object to be properly detected, its thickness
must besimilar toor greater tharthe mesh sizen that direction.
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4 RhinoCFD Interface

4.1 The RhinoCFD Toolbar
A€ @VEE TrTElo o> Eme
Figure5: RhinoCFD Docked Toolbar

The icons in the toolbar have been placed logically to make RhinoCFD easier to use:

1 The first eight buttonsare separated from the remaindeas they areconcerned with
setting up and running simulations

i Buttons 9 to 15 are to sualize the results

1 Button 16 displays some of the internal files used by the PHOENICS CFD Engine (mostly
used for checking the solution properties are correct).

1 The penultimate btton is for saving all case files.

T ¢KS flad odziGz2y Mih displays Wininal dafonationdabaiit2thye &
creators. Table 1 gives a description of all buttons.
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Icon

Left Button

Right Button

Name

Name

Comments

Create Domain To Fit
Object

Deactivate RhinoCFD

LC- Starts RhinoCFD an
creates a domain, RE€
Remwes domain and CF
properties

¥,

Edit Solution
Parameters

Edit Domain Edge
Properties

LC¢ Opens the main CI
setting window

RC ¢ Edit boundar
conditions ofdomain

Edit CFD Properties

Show Table Of Objecty

LC- Edits currently selecte
object
RCc Show list of all object

Show Grid Dialog

Show Grid Hide Grid

Show Probe Hide Probe

Add User Defined

Functions

Run Solver Display Convergence

Plot

Load Results

Remove Visualisation

Edit Display Pararme
ters

b mQde@® e &

Show Scalar Key

Hide Scalar Key
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Icon

Left Button

Right Button

Comments

Add Probes From
Dropdown

Produces drop down

(see next row for de
tails)

y AddCutplane

AddIsosurface

g Probe
AddStream
Drop D Probe
downs p AddPoint
Probe
- Add surface
' contour
~ Addline
7~ plotter
0 Hide Current Object | Reveal Hidden probes
(selection)

Next time step

Previous time step

21/
«] Backl0steps «] Backto first
step
Drop Playtime Pause time
downs D series D series
Forward 10 Forwardto
» steps » final step

\ 4

Play time series

Pause replay

()

Examine input (Q1)
file

Examine solution
(Result) File

Save as a case

Load case

LC- Saves CFD, RC
files Loads CFD files

o

RhinoCFD powered b

CHAM PHOENICS

Update Licence file

LC- About RhinoCFD, RC
- Launches
file browse menu

Table 1: Tool bar Icon Descriptions. *LC = left click, RC = right click
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43 Main Menu

[Geometry] [ Models ] [Properties ] [ Initialisation ] [ Help ] Top menu
[ Sources ] [ Numerics ] Output

[ Domain Faces J I

Title of current Simulation

TITLE

RHINO-CFD MAIN MENU Version 2016 dated 01/12/16

Figure6: RhinoCFMain MenuWindow

Button Function Settings of interest

Geometry  Settings for grid, coordinate systel
and time discretization

Models Specify physical models used for tTurbulence, energy, radiation, etc
simulation

Properties Specify the fluid properties thatDensity, viscosity, ...
will be modelled in your simulation

Initilisation  Specify the initial values applied tc
your simula@ions and activate
restarts

Help Launch help

Sources Whole domain sources Gravity, buoyancy and moving/rotatin

coordinate systems

Numerics  Numerical settings for solution Number of iterations and relaxation
control

Output Result file sources printauand 3D Probe location, print out of variables, fil
solution dumping controls dumps and extra derived variables

YK Q Launches a help window within the

menu. Activate through clicking on
WKQ (KSy 2y G(KS

Table 2: Main Menu Description
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5  Setting up a CFD Model

5.1 Introduction

Having discusselbw to install and start RhinoCFD, we are now readsetaup a CFD
model This section discussdse principalaspectsof setting up a modelwhich willbe
addressedn turn:

5.2 Geometry

The geometry othe modelis set up in Rhino, and therefore appsautomatically in the
RhinoCFD plugiras shownn this example

Figure 7 Solution domain around Rhirgenerated objects
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5.3 Domain

The region of space in which the solution is to be performedis$eRn 0 KS a{ 2t dziA 2y
It is a rectangular region of Cartesian space, as shown for example blatkdinesn Hgure

7. A default domain is defined when exiting the Start New Case dialog, as described in section
3.1 The domain will autonigcally be created large enough to encompass all the geometry

that has been set up in Rhino. It can easily be resized if a larger domain is required, e.g. for
an external simulation of wind flow around buildings.

54 Mesh

A full discussion of both automiatand manual meshing is given in section 6.

5.5 Boundary Conditions (Flow and Thermal)

The flow conditions and the thermal conditions that characterise the model must be specified.
So for example the followinigoundary conditionsieed to be quantified, ad their locations
specified:

Inflows or outflows of fluidsee section 9.2)
Fixedpressure boundarieéee section 9.3)
Fixedtemperature boundariegsee section 8)

Heat sourcegsee section 8)

= =2 =/ =4 -

Pollution sources.

All the boundary conditions and souscare set upusing CFD objectsSection Aiscusses
how these are specified.

5.6 SolutionParameters

The above aspects of sgtg up a CFD model are all visual, in thessdhat they are all

concerned with geometry Other nonvisual parameters are alsequired to specify the

model, e.g. what equations are to be solved, what is the fluid, what are the solids, what are

GKS ad2fdziazy O2yGNRfasx SGO0® ¢KSAaS FaLsSoda |
full description of the Menu the reader isferred to thePhoenics VR User Reference Guide

A brief discussion of the most important parametevhich need to be considered when

setting up a modeis given in SectionQlbelow.
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5.7 Other Important Aspects of CFD Models

There are some additional important aspects of CFD modelling with Rhino that are important.
These are discussed in the subsequent sections of this guide, as follows.

Use of the Probe (section 11)
Convergnce and relaxation (section 12)
Running simulations (section 13)
Running transient models (section 14)
Viewing the results (section 15)

= =4 4 -4 A

Section 16 describebe use of the Scalar Key in contour and vector plots, and Section 17 lists
and discusses the vaus files associated with RhinoCFD.

5.8 Steady and Transient Simulations

RhinoCFD can handle both atly and transient simulations.

Steady simulations are independent of time and assume that the boundary conditions are
constant. Examples are a stead3ntilation pattern in a building, or steady flow over an
aerofoil.

In a transient simulation, the velocity pattern and the temperature distribution can change
with time. An exampleof a transient simulation is the development of a fire in a building, to
predict the buildup of the smoke layerso as to determine the time available for escape.
Transient simulations are computationally more expensive than steady ones.

When you enter RhinoCFD the simulation is set to be steady by default. Section B4ekscu
how to run a transient simulation.
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6  Meshing (Affecting the Grid)

6.1 Purpose of Mesh

¢CKS LINARYOALX S 068 6KAOK / C5 ¢g2N]a Aa (G2 &adzmRA
known as cells, and then solve the Nav@&okes equations to obtain kees for pressure,
momentum, temperature and other variables at each of these cells. The equations represent
conservation of mass, momentum, energy etc. The more cells you have, the more accurate

the representation of your scenario will be. However, thawdation will take a longer time

to complete and converge, and incur a greater computational expense.

6.2 Available Mesh Types

RhinoCFD uses Cartesian or cylindipodér structured meshes which are very easy to set
up, and have lower discretisation errdhan nonorthogonal or general unstructured
meshes.

6.3 Geometry Detection

RhinoCFD uses a etell method called? ARSCthat automatically detects what part of a cell

is solid andvhat part is fluid, and applies the correct boundary conditions to the relevant

LI NIa 2F (GKS OSftfd ¢KA& YSlIya GKIFIG @2dz R2y Qi
perfectly fits the geometry; just ensure you have a fine mesh and let RhinoC#i@ Hard

work.

6.4 Displaying the Grid

Left clicking on the 5th tool bar iC(@ reveals the grid within the current view. Rotate the
perspective view, or click in a different view, to change the grid view. The grid location is
RSUGSNYAYSR oettion 7K Sovéthandide So@nowe {he grid around the domain.


http://www.cham.co.uk/phoenics/d_polis/d_enc/parsol.htm

@ crHam TR/400- RhinoCFJserGuide RhinoCFD

Figure8: Grids Lines

6.5 Grid Rgions

The standard Cartesian mesh is formed of regular hexaheed stacked in rows and
columns, and is represented in RhinoCFD by means of blue lindsintticate the cell faces.

Ineachofx@ FyR 1T (GKS YS&aK Aa RAidokder$oRprovidy detiled y dzY o
grid control. The size and distribution of the cells within each region can be modified via the
grid dialog menuThe grid linesepresenting region boundaries are indicated by orange lines
(purple if the object is currently selesd); so for example in the abo¥gure8 it will be seen

that there are three regions in each of the vertical and horizontal coordinates.

Regionscan bONB I 1 SR 6@ aSddAy3a LI NI se®8ectioNg), ho 2SOl &
which case region boundaries will be inserted at the extremities of the abjlbernatively,

regions can be created by definiagNull object (see Sectioh4). The mininum sizeof the

each regiorcan be set by modifying the tolerance in the grid dialog
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6.5 Manual and Automatic Meshing

In each coordinate direction (x,y,z) the mesh may be constructed automatically, or with
manual intervention if preferred. This choice mag made separately for each of x, y and z.
The automatic meshing process ensures that the resulting mesh iscareditioned™ in the
sense that there are no abrupt changes in cell width; on the other hand, the cells may not be
distributed optimally for tle specific model. Manual meshing allows the user to distribute
cells more efficiently. This can be a tho@nsuming process, but one that pays dividends in
terms of the quality of the results.

The default meshing method is automatic. This will therefazalbscribed first.

6.7 Automatic Grid Generation

Co-ordinate system Time dependence

[ Cartesian

Cut-cell method

Domain size
Number of cells
Tolerance

No of regions

Edit all regions in

Cancel

l

Steady

[ earson

Settings ‘

|  x-Auto

) |
)

Y-Auto 1

[  z-Auto

J

12.56929
41
1.000E-3
3

6.284647
20
1.000E-3

3

4.003853
20
1.000E-3
3

m

m

x d.i.rection] [Y direction]| IZ direction

[ 2pply |

Figure9: Grid Mesh Settings Dialed\utomatic

RhinoCFD uses an automatic mesher as the default option. Thenadber will always
produce a welconditioned grid for the geometry being analysed, thbupe user should
check that the mesh distribution has adequate resolution.

Clicking on X, Y or Z direction buttons brings up the settings dialog for that direction, with

the options explained followingigure 10:
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Domain size 12.56929 m Number of cells 20

Auto grid settings:- ( on ] | set defaults ] 1
2 Min cell factor 0.005000 3Init. cell factor 0.050000 6[Fractions
4 Max size ratio 1.500000 S5Expansion power 1.200000

Form 7 [ Geom Prog | Boundary - Low 8 off High 9[ off

Region settings:- (Currently 3 regions)
Free all regions Free all Tolerance 1.000E-3 m
Reg [§E§:§§§igij Cells Distributn Power Symmetric Cell powr
1 3.142323 5 Power law 1.000000 No Set
9.426970 10 Power law 1.000000 No Set
12.56929 5 Power law 1.000000 No Set
| cancel | [ apply | [ ok |

Global settings:-

9.

FigurelO: Auto-Mesh Dialog

Resetsall values to their defaults.

. Sets the smallest cell size allowed as a fraction of the domain size in that direction. The

default is 0.005.

The automatic mesher uses iteration to generate the mesh. This sets the initial cell size
for the iteration as a faction of the domain size in that direction. The default is 0.05,
which gives roughly 20 cells if the regions are fairly equal in size.

Sets the maximum size ratio for adjoining cells in neigiing regions. For example,

with a ratio of 1.5, the last ceilh region 1 cannot be more than 50% wider than the
first cell in region 2 (or vice versa).

. Sets the expansion/power (see (7)) used to adjust the grid within a region so as to

satisfy the celbkize ratio requirements at the region ends. The default vadue.2. A

value of 1 will enforce a uniform grid in the region. Increasing the value increases the
degree of crushing the cells towards one end of the region.

By default, the minimum and initial cell factors (2 and 3) are set as fractions of the
domain siz@ 2 KSy QCNJ} OtAaAzyaQ Aa Of AOlSRX GKS
and initial cell sizes are now set as physical sizes in metres.

. The grid can expand using either geometrical progression, or a pawegxpansion.

Geometrical progression gives aif@nm expansion in grid size across the region,
whereas using a power law concentrates the expansion towards one end of the region.

. This allows the user to control whether a esigled expansion towards the boundary,

or a symmetrical expansion, is appliedthe first region in the relevant coordinate
direction. The former corresponds to OFF (default).
Similar to (8), but for the last region in the relevant coordinate direction.

Tips for using the Automatic mesher:
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1 The initial cell factor is used as startipgint for the number of cells. If you want a large
number of cells, thea use a small fraction or size.

1 The minimum size of the cell is a limit rather than a determining factor for the grid. This
can be used to ensure that the grid is fine enough atwladls of an object, or ensure all
cells the same size by making it equal to initial cell factor.

1 Using the fraction option may be helpful for quickly setting up a reasonable grid when the
domain is much larger in one coordinate than in another. Using ittes ©ptions can be
easier for refining complex regions as the input can be directly related to the geometry
dimensions.

1 The Max size ratio should not be greater than 2; ideally it should not exceed 1.5.

1 The Low (8) and High (9) options should only be uksédds necessary to resolve flow
details near the domain boundaries. They should be left "Off* for external flows such as
wind flow around buildings.

1 The user should critically examine the grid before running a simulation, and assess
whether the meshings adequate to resolve details of complex geometry and flow
features such as recirculation regions.

1 The Autemesher is often very useful for quickly creating a mesh for a complex model with
many objects. The mesh generated will always be well conditioHewever, the user
should check whether mesh resolution is adequate.

6.8 Manual Grid Generation

Figurellshows the layout of the grid mesh settings dialog. Each feature is briefly described
KSNBE® CdzNIKSNJ KSt LI Ol y 0S5 b#tterdAhiRdiabog is ddcedsed| A y 3
08 OfAOlAYy3 2y WDS2YSUGUNEBEQ AY GUKS YIAYy YSydzo

rGrid Mesh Settings -w Ii‘ér
Co-ordinate system Time dependence

1 [ Cartesian 1 2 l Steady
|

3 : |
| Cut-cell method | PARSOL | | Settings |

4 [ X-Manual ] [ Y-Manual } [ Z-Manual

' 5 Domain size 1.000000 1.000000 1.000000 m
| 6 Number of cells 30 30 30

7 Tolerance 1.000E-3 1.000E-3 1.000E-3 m

8 No of regions 1 1 1

9 Edit all regions in [X direction} [Y direction} {Z direction]

Cancel Apply OK

Figurell: Grid Mesh Settings DialggManual
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Select either Cartesian or Polar coordinate system.

Choose either steady or transient simulation.

Change the cut cell method (QriParsol available currently).

Change grid specification to automatic or manual.

Display domain size (edit using 9).

Total number of cells in each coordinate.

Region tolerancei.e. minimum region width.

Total number of regions in each coordinate.

Buttonto edit size, cells, regions and distribution in each coordinate.

Clicking on "X direction”, "Y direction" or "Z direction" (9) brings up the following menu.

w

P

© 0N O

Global settings:-

1 pomain size 1.000000 m Number of cells

Auto grid settings:- 3 Set defaults

Min cell factor 0.005000 Init. cell factor| 0.033333
Max size ratio 1.500000 Expansion power 1.200000

Geom Prog Boundary - Low Off High

Region settings:-— (Currently 1 regions) 5

Free all regions 4 Free all | Tolerance 1.000E-3 m
Reg End positn | Cells 6 Distributn 7 Power 8 Symmetric 9 cell powr 10
1.000000 30 { Power law | 1.000000 [ No ] [ Free ]

ety (o)

Figurel2: X Grid Dialog

Edit the size of the domain in the current coordinate.

Edit the totd number of cells in current coordinate, when auto grid is off (Click Apply
to activate change).

Turn auto grid on or off.

Frees all regions where not specifically set by the user, the number of cells and the
power/factor in a region cannot be changedius a4 GKS NBIA2Yy A&
Edit region tolerance.

Edit number of cells in region.

Change distribution law power law or geometric progression.

Edit power for power law or factor for geometric.

W{ & YY S i NN.E crusk hoth &alyst

10. Free individual reigns.

WF N
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6.9 Editing Regions

With complex geometry it is possible to end up with many regions, wtacmake it hard
to know which region is being edited. To help with this, RhinoCFD highlights the cells of the

NEIA2Y @2dz FNB SRAGAY3I FFFGSNI e2dz Ot AO1 W! LILIX

Global settings:-
Domain size 1.000000 m  Number of cells 30

Auto grid settings:— rjigj Set defaults

Min cell factor 0.005000 Init. cell factor 0.033333 Practions
Max size ratio 1.500000 Expansion power 1.200000

Form Geom Prog Boundary - Low Off High Off

Region settings:- (Currently 3 regions)
Free all regions | Free all | Tolerance 1.000E-3 m
Reag _End positn | Cells Distributn Power Symmetric Cell powr

(L] | 0.303919 9 Power law | 1.000000 ( No Free
2 0.653903 11 Power law | 1.000000 (i No | [ Free |

[E=3] [ 1.000 10 | Power law | 1.000000 No
Current region [ cancer | 2wy ] [0k ]

Figurel3: Example of Editing Regions

6.10 Best Practices

To help those new to CFD get to grips with creating and refining grids, here are a few best

practices:

1 Grid expansion coefficients should not be greater than 1.3 if power distribution is used
or 1.1 for geometric distributionand should not be less than 1.0. Use a negative
coefficient tocrush the cells in the oppositrection.

1 Neighbouring cells shouldave a width rationo greater than 2:1and preferably less than
1.5:1.

f Inletsandoutletst K2 dzf R I f & | & &boxes tEKESIODbjedi Redpert@NYA R Q

1 Objects do not always have &ffect the grid, but areas of interest should.

1 Regions of amplex geometry should contagnoughcellsto ensurethat all geomety is
properly detected

1 RhnhoCFD uses th#t ! w {edtre® handlecut cells wherghe geometryis angled,
curved or not aligned with cell face€ells should not be double cuho more than one
cut per cell should be seen in any cell.

T LYy GKS 2062S00 4&LIS @abRatshniba figcted Ehitlihave Wobetiettt
but to create additional regions for the purpose of grid control

Q
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6.11 Restarting with a Different Grid

It is possil@ to run a simulation with a smalumber of cellsand then refine the grid and
restart from where the previous simulation finished.This is possible as the solver
interpolatesfrom the old gridto the new. To activate this feature, run a simulation, change
the grid and then activate restart in the initialisation tab in the main menu (segd8etJ3).

A v s A ~

2 KSYy WNIzyAaz2a8a@S6RODGSR GKS F2tft26Ay3 61 NYyAy3

Figurel4: Grid Interpolation Warning
Click yes to continue and the simulation will begin. It is recommend that large changes to the

grid are not made and refinement is madeimecrements as interpolation works best when
difference is cells is not great.

6.12 Coordinate Systems

Coordinate Description

System

Cartesian The default grid coordinate system. This is a structured mes
which cells stack in rows and columns in thg &and z coordinate
directions. Cells are 6 sided blocks (hexahedrals).

Cylindrical For use where the geometry has significant cylindrical featt

Polar with a common axis. Here x must be then circumferential, y

radial and z the axial coordinate.


















































































































































































