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Cell Zones and Boundary Conditions ANSYS

Defining Cell Zones and Boundary Conditions

Customer Training Material

To properly define any CFD problem, you must define:

* Cell zones
— These relate to the middle of the grid cells
— Typically this always involves saying which material (fluid) is in that cell
— Other values may also apply (porous resistance, heat sources etc)

* Boundary conditions

— Where fluid enters or leaves the domain, the conditions must be set (velocity /
pressure / temperature)

— Other boundaries also need declaring, like walls (smooth/rough, heat transfer?)
— There may also be symmetry, periodic or axis boundaries.

» The data required at a boundary depends upon the boundary condition
type and the physical models employed.
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Locating Boundaries — An Example

Customer Training Material

* When planning a model, it is important to decide where to place the
boundaries. The best answer is usually a combination of where you know
exactly what the conditions are, or where things are not changing rapidly

! Air
@ Upstream of manifold | Combustor Wall

« Can use uniform profile.
* Properly accounts for mixing.
* Non-premixed reaction models

* Requires more cells. @ @

(2) Nozzle inlet plane

* Non-premixed reaction models |
» Requires accurate inlet profile ] 4 . \
* Flow is still non-premixed. \
(3) Nozzle outlet plane \—Manifbld t;\locz(zz ©
* Premixed reaction model. @ |
* Requires accurate profile. T Fuel

* Not generally recommended since
inlet BCs may drive the interior solution.
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Cell Zones - Fluid

NANSYS

Customer Training Material

« A fluid cell zone is a group of cells for which all active equations are

solved.

 The material in the cell
zone must be declared.

* Although if using multi-
species or multiphase, the
composition is set
elsewhere.

 Optional inputs
— Moving zones
— Porous region
— Source terms
— Fixed Values
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Zone MName

| block1

Material Mame |air

v ‘ Edit...

[JFrame Motion [ Source Terms
[ Mesh Mation
|:| Porous Zone

Reference Frame l Mesh Motion] Porous Zone] Embedded LES] F‘.eaction] Source Terms | Fixed 'I.n'alues] Mulﬁphase]

[ Fixed Values

¥ (m)
Y (m)

Z (m)

Rotation-Axis Origin

Rotation-Axis Direction

|III |::cns’ﬁnt A | X |EI |cons13nt b ‘
|III |::cns’ﬁnt A | ¥ |EI |cons13nt b ‘
|III |::cns’ﬁnt A | Z | 1 |cons13nt b ‘
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Cell Zones - Porous Media

Customer Training Material
« Some fluid regions are obviously porous and impossible to resolve exactly
In @ mesh:
— Filter papers
— Packed beds

* In other problems, there are regions where it is
impractical to resolve all the detail Saluid J
because of cell count yet the effect of

= |
these objects must be accounted for:
— External airflow flow past small pipes e B e = e e e B
or other steelwork 1
— Effects of trees

* Inputs are directional viscous and N 2 B
inertial resistance coefficients. nfor 7

ection-3 (1/m2) \0256—‘ |¢siant v |

| <
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C e I I Zo nes — S O I i d Customer Training Material

* A solid zone is a group of cells for which only the energy equation is
solved.

* Only required input is the material name (defined in the Materials panel).
* Optional inputs allow you to set

volumetric heat generation rate = Solid X
(heat source). = |
* Need to specify rotation axis if ;ﬁ:r':'n:";l:mmwm v (et

rotationally periodic boundaries resnveter | ] ] ]
. . Reference Frame | Mesh Motion | Source Terms | Fixed Values
adjacent to solid zone. —— S

e Can define motion for a solid zone | | *®@[s [constent v | %o [constent v]

¥ {m} |D |cor1513nt - | L |D |::ons13nt w |
Z{m) g |cor1513nt - | 2y |::ons13nt w |

[ 0K ] [Cancel] [Help ]
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Boundary Conditions - Available Types

Customer Training Material

- External Boundaries * Internal Boundaries

— General _ Fan
* Pressure Inlet _ Interior
* Pressure Outlet P ]

— Incompressible B orc.>us ump
« Velocity Inlet — Radiator
+ Outflow (not recommended) — Wall

— Compressible - Cell (Continuum) zones
* Mass Flow Inlet Fluid
- Pressure Far Field B u.

— Other — Solid
« Wall — Porous media outlet
© Symmetry orifice AR
* Axis : A
* Periodic

— Special

* Inlet/ Outlet Vent
* Intake / Exhaust Fan

plate-shadow
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Boundary Conditions - Changing Types

« Zones and zone types are initially

defined in the preprocessing phase.

» To change the boundary condition
type for a zone:

— Choose the zone name in the Zone
list.

— Select the type you wish to change
it to in the Type pull-down list.
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Boundary Conditions
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Boundary Conditions - Velocity Inlet

* Velocity Specification Method = Velocity Inlet
— Magnitude, Normal to Boundary Tj’n”;ﬁ;m;
o Components Momentum lThermaI] F'.adiaticn] Species] DPM ]Mulﬁphase] uDs ]
- MagnitUde and Direction Velocity Spedification Method | Magnitude, Normal to Boundary v
Reference Frame |.l5.bsclute w |
Velocity Magnitude {m/s) ‘ 5 |::ons13r1t w |
* Applies a uniform velocity profile | sessncitscaseprese gz (constent |
at the boundary, unless UDF or | ™= P—
. . Spedfication Metho |Intensity and Length Scale V|
prOflle IS used ) Turbulent Intensity (%) 10
Turbulent Length Scale {m) | 01
* Velocity inlets are intended for Cor ] (coal] (]

use in incompressible flows and
are not recommended for compressible flows.

* Velocity Magnitude input can be negative, implying that you can prescribe
the exit velocity.
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Boundary Conditions - Pressure Inlet S ————

* Pressure inlets are suitable for both compressible and incompressible flows.

— Pressure inlet boundary is treated [N Ed

as a loss-free transition from Tenletwgme
stagnation to inlet conditions.
] Momentum lThermaI] Radiation] Species] DFM l Mulﬁphase] uDs ]
- FLUENT Ca|CUIateS StatIC Reference Fra”"’-:-'|a5.bsolute v|
pressure and velocity at inlet Gauge Total Presaure (pasca) " 10g0q [constant v]

— Mass flux through boundary varies
depending on the interior solution -

and specified flow direction. Speciication Method | intensity and Length Scale v]

Turbulent Intensity (%) | 10

Supersonic/Initial Gauge Pressure {pascal) | 0 |::ons13nt 3 |

Direction Specification Method |Normal to Boundary 3 |

Turbulent Length Scale (m) | 0.1

* Required inputs
— Gauge Total Pressure o] [cnel] [en ]

— Supersonic / Initial Gauge Pressure oV?2

— Inlet flow direction Incompressible: Pigta) = Pstatic + >

— Turbulence quantities
(if applicable)
— Total temperature (if heat transfer ( k-1 2)
i Tiotal,abs = Tstaticabs | L + ——M
and/or compressible). totalabs = I static.abs | &+

ANSYS, Inc. Proprietary

k-1 _\KI
Compressible: Dtotal,abs = Pstatic,abs (1 + TM )
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Boundary Conditions - Mass Flow Inlet Sl T e

« Mass flow inlets are intended for compressible flows; however, they can be
used for incompressible flows.

. = Mass-Flow Inlet [z|
— Total pressure adjusts to Zone Name
accommodate mass flow inputs. et face
. More dlfflcult to Converge than Momenturm lThermall F‘.adiaﬁon] Species] DFM ] Mulﬁphasel D3 ]
ressure inlet Reference Frane | abaote ¥
p ’ Mass Flow Specification Method |Mass Flow Rate & |
. . . Mass Flow Rate (ko/s) Trz=T w
» Required information ° oren '
Supersonic/Initial Gauge Pressure (pascal) |EI |mns‘ﬁnt w |
— Mass Flow Rate or Mass Flux Drecton Speciaton Metho (g o pocsiy 3
— Supersonic/Initial Gauge Pressure | Tubuens=
. . Spedtication Method |Ir1tensity and Length Scale w |
- Static pressure where flow is Tt Intensty () 15
locally supersonic; ignored if Tt Lenth sl ) .
subsonic
® Wl” be Used |f ﬂOW f|e|d |S [ (04 ] [Cancel] [Help ]

initialized from this boundary.

— Total Temperature (on Thermal tab)

» Used as static temperature for
incompressible flow.

— Direction Specification Method

ANSYS, Inc. Proprietary Release 13.0
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Boundary Conditions - Pressure Outlet

Customer Training Material

« Suitable for compressible and incompressible flows.
— Specified pressure is ignored if flow is locally supersonic at the outlet.
— Can be used as a “free” boundary in an external or unconfined flow.

=& Pressure QOutlet

* Required information

Zone Name

— Gauge Pressure (static) — static outit face
pressure of the environment into Momentum | thermal | Raciaton | Spedes| DPM | Multphase| uDs |
which the flow exits. Gouge Presare pasa) — .
Backflow Direction Spedification Method ‘Normal o = |

— Backflow quantities — Used as inlet | - ... e
. . adial Equilibrium Pressure Distribution
Condltlons |f/When baCkﬂOW occurs [] average Pressure Specification

[ Target Mass Flow Rate

(outlet acts like an inlet). Turbuence
Spedification Method | [ntensity and Length Scale e
Backflow Turbulent Intensity (%) | 10
o For ideal gas (Compressible) fIOW, Backflow Turbulent Length Scale (m) |IZI.1

non-reflecting outlet boundary
conditions (NRBC) are available.

[ Ok ] [Cancel] [Help ]
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Boundary Conditions - Wall Boundaries

NANSYS

Customer Training Material

* In viscous flows, no-slip conditions are applied at walls.

— Shear stress can be applied.

* Thermal boundary conditions

— Several types of thermal BCs are available.

— Wall material and thickness can be defined for 1D or shell conduction heat
transfer calculations (details will be discussed in the Heat Transfer lecture).

» Wall roughness can be defined
for turbulent flows.
— Wall shear stress and heat

transfer based on local flow
field.

* Translational or rotational

velocity can be assigned to wall
boundaries.

ANSYS, Inc. Proprietary

Zone Mame

|| block1_sides |

Adjacent Cell Zone
|| block1 |

Momentum  Thermal ] Radiation | speces| DPM | Multiphase | uDs |

Thermal Conditions

(@) Heat Flux Heat Fiux (w/m2) [ 1] | constant v|
() Temperature ;
H s
() Radiation
O Mixed Heat Generation Rate (w/m3) [y |oon513nt 3 |
Material Name [ shell Conduction
| aluminum v | Edit...

[ 0K ] [Cancel] [Help ]
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Boundary Conditions - Symmetry and Axis

Customer Training Material

 Symmetry Boundary

— No inputs are required. Zone Name

Swrnnnekry
— Flow field and geometry must be symmetric:
« Zero normal velocity at symmetry plane

[ a4 ] [Caru:el] [Help ]

« Zero normal gradients of all variables at symmetry plane
* Must take care to correctly define symmetry boundary locations.

Symmetry
Planes

» Axis Boundary
— Used at the center line for axisymmetric problems.
— No user inputs required.

— Must coincide with the
positive x direction! Axis

ANSYS, Inc. Proprietary Release 13.0
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Boundary Conditions - Periodic Boundaries ST e

» Used to reduce the overall mesh size.

Zone Mame

| periodic

* Flow field and geometry must contain Periodic Type
either rotational or translational @ ot
periodicity.

[ I ] [Cancel] [Help ]

— Rotational periodicity
« AP = 0 across periodic planes.

N
5

planes

« AP can be finite across periodic planes.
» Models fully developed conditions.

» Specify either mean AP per period
or net mass flow rate.

« Axis of rotation must be defined in fluid zone. Rot.ati(.)na”y
— Translational periodicity periodic 2%
T

—
<]

c;//

Translationally
periodic
planes

Floyw 2w
* Periodic conditions can be defined — \
(if not defined in the mesh) using the —
FLUENT TUI:

/mesh/modify-zones/make-periodic

2D Tube Heat Exchanger

ANSYS, Inc. Proprietary Release 13.0
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Boundary Conditions - Internal Faces

Customer Training Material

 Defined on the cell faces only:
— Thickness of these internal faces is zero

— These internal faces provide means of introducing step changes in flow
properties.

» Used to implement various physical models including:
— Fans
— Radiators

— Porous-jump models
 Preferable over porous media for its better convergence behavior.

— Interior walls

ANSYS, Inc. Proprietary Release 13.0
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Case Setup Replication

Customer Training Material

& Read Mesh Options

* To replicate a case setup:

(O Discard Case, Read New Mesh

— Use the Read Mesh Options © Reslce s

[ 5how Scale Mesh Panel after Replacing Mesh

[Continue...] [ Cancel ] [ Help ]

— Or use the read/write boundary conditions feature via TUl command:
/file/write-settings  Creates a BCfile

/file/read-settings Reads an existing BC file
— You can transfer settings from a 2D case to a 3D case!

]
-
. .
inlet-1 sz AiSEErEad] Saaiass .
I T T
—> oS aseaASaIAY inlet-1
\‘ I }r j } RN
] A
o
BERINA
5"#:#‘#:%&, it I
e let-2
5%‘%';%%}“%}1#; |n e
inlet-2 S
/ ?Aﬂnuv.mvnmﬂ'{;{% M

I A A
AT
S

outlet-1
2D Flow Domain (approximation) Actual 3D Flow Domain

outlet-1
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S U m m a I'y Customer Training Material

 Cell zones are used to assign which fluid/solid material(s) exist in a
region.
— Options for porous media, laminar region, fixed value, etc.

 Boundary zones are used to control the solution at external and internal
boundaries. Many different boundary types exist for prescribing boundary
information.

« Computational effort can be reduced through use of symmetry and
periodic boundaries.

* There are several other boundary condition types which were not
presented (see appendix for more information about these).
— Pressure Far Field
— Exhaust Fan / Outlet Vent
— Inlet Vent / Intake Fan
— Outflow

ANSYS, Inc. Proprietary Release 13.0
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Other Inlet / Outlet Boundary Conditions

* Pressure Far Field

— Used to model free-stream compressible flow at infinity, with prescribed static
conditions and the free-stream Mach number.

— Available only when density is calculated using the ideal gas law.
* Target Mass Flow Rate option for pressure outlets (not available for the
multiphase models)

— Provides the ability to fix the mass flow rate on a pressure outlet (either
constant or via UDF hook)

— Options to choose iteration method in TUI
* Exhaust Fan / Outlet Vent

— Models an external exhaust fan or outlet vent with specified pressure rise / loss
coefficient and ambient (discharge) pressure and temperature.

* Inlet Vent / Intake Fan

— Models an inlet vent / external intake fan with specified loss coefficient /
pressure rise, flow direction, and ambient (inlet) pressure and temperature.

* Inlet boundary conditions for large-eddy / detached-eddy simulations
are covered in the Turbulence Modeling lecture.

Customer Training Material
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Boundary Conditions - Outflow

Customer Training Material

» No pressure or velocity information is

A Dutflow

req U i red . Zaone Mame

ouklet

— Data at exit plane is extrapolated from
interior.

— Mass balance correction is applied at Lok | [cancel] [Hel |
boundary.

* Flow exiting outflow boundary exhibits zero normal diffusive flux for all flow
variables.

— Appropriate where the exit flow is fully developed.
* The outflow boundary is intended for use with incompressible flows.

— Cannot be used with a pressure inlet boundary (must use velocity-inlet).
« Combination does not uniquely set pressure gradient over whole domain.

— Cannot be used for unsteady flows with variable density.

 Poor rate of convergence when backflow occurs during iterations.
— Cannot be used if backflow is expected in the final solution.

Flow R.abe Weighting |

ANSYS, Inc. Proprietary Release 13.0
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Modeling Multiple Exits

Customer Training Material

* Flows with multiple exits can be modeled using pressure outlet or outflow
boundaries, depending on the information you know.

— Pressure outlets — requires knowledge of downstream pressures; FLUENT
calculates the fraction of total flow through each branch.

— Pressure outlet

Velocity inlet (V, T,)

OR ——

Pressure inlet (p,, T,)

— Pressure outlet

— Outflow:
» Mass flow rate fraction determined from Flow Rate Weighting (FRW) by

m;j FRW;
mtotal Z[ FRW;

« Static pressure varies among exits to accommodate the prescribed flow distribution.

= Outflow (FRW,)

Velocity inlet (V, Ty) =——

— Outflow (FRW,)

ANSYS, Inc. Proprietary Release 13.0
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