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Intro du ction

EasyCFD is a software for the numerical solution of fluid flonand heat transfemn two-
dimensional geometries described duadrilateraimestes (structured and nestructured) Support is
also provided for 3D axisymmetric situatiofi$ie software deals with stationary and transient regime,
laminar and turbulent flowk-e and SST kw turbulence models are availablehcluding thermal
effectsand heat conduction in solids, dispersion of passive s¢alarsus losseand multicomponent
fluid flow.

The present document is divided tinree parts: the first part describes the maleoretical
principles(not available in the trlaversion) while the second part iswas e guidesto the software.
Some computational results and comparisons with published data are pre$ent#idstration
purposesin part three

The following Projects are supplied with thimndarceasyCFD installation:

(0]

Annulus: natural convection laminar flow imaannular cavity. Tutorial movie available at
www.easycfd.net

BMW2002 turbulent flow around a car shgmtructured mesh
BMW2002NST: turbulent flow around car shapeunstructured mesh

CHT: conjugate heat transfer problem in transient regime. Tutorial movie available at
www.easycfd.net

ConvLam natural convection laminar flow in a square cavity. Benchmark problem
described in sectioC4;

Cylinder. turbulent flow around a cylinder (low resolution). Tutorial movie available at
www.easycfdnet,

LaminarProfile: developed laminar profile between two parallel plates. Benchmark problem
described in sectio@1;

Naca2412 NST. turbulent flow around an airfgilcomputed on an unstructured mesh.
Benchmark problem described in section

PulsatileFlow: laminar oscillatory flow inside a wavy channddenchmark problem
described in sectio@5;

Step turbulent flow above adzkward facing step. Benchmark problem described in section
C3

C-Type Meshdemonstration of the utilization of a G/pe mesh.
Split Mesh demonstration of thatilization of a split mesh and thin plates.

Sphere calculation of the 3D axisymmetric flow around a sphere. Benchmark problem
described in sectio86B
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0 TurbulentProfile: developedturbulent profile between two parallel plates. Benchmark
problem described in secti@?.
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A T Theoretical Background

Al 1 Transport Equations

For the description of the transport equations xthedz coordinates of the Cartesian coordinate
system will be taken as the independent variaflemsformationslue to the generalizedeshwill be
described in sectioA2.

Al.1 T General Equation

The fundamental equations of fluid flow and heat transfer result from the application of

thermodynamiclaws to the moving fluidThe twodimensional form of the transport equation for a
generic variablef is, in a Cartesian coordinate system is

O,

,U( r)i%(ru ]) +_Z§ w ) f=—X'é € 2,;2 %—ZG ? 1.3

ut
A

B

where r [kg/nm¥] is the fluid densityu andw [m/g are the velocity components along the horizontal
axisx [m] and the along the vertical axai$m|, t [g] represents timeG is the diffusion coefficient of
and S; is the generation rate &f per unit volume
The interpretation of the different terms of the previous equation is
AT transient term
Bi advectonterm
C1 diffusionterm

D i source term

Al.2 7 The Navier -Stokes Equations

If 7 is the velocity equation(1.1) represents the momentum conservatlarthis case, we get
the NavierStokes equations, whicfor a 2D situationmay be stated as follawv

Horizontal component

,u(u)+,u N U _R & upu2 0@ [ 8 W B

Zrut) =5 ow) =% —— T divV & —+ GEE; —+ ‘&= - 12
ut /x( ) ) xg & xmB Mz B¢ ,UX%X%X 2
or:
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/%ég M3
2 A (A1.2b)

X Z
HP, Mao Wd,  HAWUD (.4
w2 w28 X,UQ_X(,U) %
Vertical component
p(m) p u BoAL W2 o 00 /8 B WD U
+ 5 (ruw) +£5( mF) =% B—" S=div g—+ 6 —+ Gr - | (1.3)
ut /X()ZL()ZSIQZAB OB T % W

(1.3b)

8 ”@ gdi\Zl{?) I+ S+

ZUGC z U

In the previous equationp,[N/n¥] represents pressuyieis the turbuleoe kinetic energyn?/s’]
(cf. sedion A1.7), | represerdthe buoyancy force&f. sedion A1.8) andS represents porous losses
(cf. section###). The diffusion coefficient is, in this case, given by

G= mt . (1.9

where m [N s/nf] is the dynamic viscosity ang is the turbulent viscositfc.f. se¢ion A1.7).

Al1.3 T Continuity Equation

The conservation of mass lawr, continuity equatiormay be stated as

¥+ﬁ/x(ru) +—;’$ ) e (L5)

Al.4 T Energy Conservation Equation
In this case, the dependent variable is the éoyha=c, T, wherec, [J/kg K is the fluid heat

capacity and [K] is its temperature

Fluid Medium:

The transport equation is tf@lowing:

,u( ’CpT) H

H _A JTw ALl U
i +—/x(rcpuT) +—4g rcpr) =& G—X 2[—+Z ggz § (1.6)
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Terms, , in the previous equation, represents the heat generatiopeatmit volume[W/n¥).
The diffusion coefficient isfor the case of a fluid domain

_ m 0
G_gﬁa—r +t @-_b @7

wherePr andPr; are the laminar and the turbulent Prandtl numbers, respectively.

Solid Medium:

In the case of a solid medium, heat transfer is governed by conduction:

/J BT o ~ o-I- ~
([ <, )zﬁgé_/'fr o—" Bt s (1.8)
pt MG W F ZuGZ U

where / [W/mK is the thermal conductivitgf the material.

Al1l5 1 Porous Losses

Al1.5.1 & Isotropic losses

The momentum loss through porous media is formulated using through the viscous permeability
Kp and the quadratic logpressure loss}, as follows:

_ _m r
%—&uZWU (1.9)

whereui =u, v, wforl =1, 2, 3.

A1.5.2 d Directional losses

The momentum loss through an anisotropic region is modelled by specifying the streamwise
direction / (minimum loss direction) and a transvensmiltiplier factor F.. For convenience, the

viscous term is formulatesow in terms of viscous loss (instead of permeabili@)= m/ K .

The source term now reads:
3 r S.
Si=4anBy 5 ag/vy (1.10
=1 2

The loss coefficiestmatrices are defined as folloexemplified for the viscous term)

_éD,cos/ +D, sif j 05(D, -D,) sir2 j

= 111
! 20.5(Dl- D,)sing  D;sirf j +D, cod (-1
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whereD: is the streamwise loss coefficient abd is the transverse loss coefficient, that is obtained
using the transverdactor multiplier:

D, =F,D, (112)

Al1.6 1 Transport of Passive Scalars

Passive scalars represent a transported additional variable that has no influence on the flow. Tt
presence of passive scalars ismjifeed by their concentratiofy,, which represents the mass of scalar

per mass of fluid. The transport equation is:

U rsd), u _A ML © | ua 5
r /x(ru £) +_Zl-$ W ——)@ x,&#z i_%/ ﬁt (1.13)

where S is the volumetric source term (mass of scalar generated per unit fluid volume per unit time)
and the diffusion coefficient is given by:

_ m
G= D, +— 114
fSC Sq ( )

In the previous equatiorr, is the fluid density,DfSC[mZ/s] is the kinematic diffusivity for the
scalar in the presence of the operating fluid 8gdis the turbulence Schmidt number.

Al.7 T Multi -component Fluid Flow

In a multtcomponent fluid flow, different fluids are present, sharing the same velocity, pressure,
temperature and turbulence quantitifEsasyCHD contemplates the case of two fluids, with a single
phase.The concentration of one of the components (the secondady Bucomputed with a normal
transport equation for a scalar:

u( rd) , p H 6 , uMa
T+—/x(ru L) +—ZS oof __$ —+ i—‘%/ (1.15)

where £, is the masdraction, or concentratiorgf the secondary fluigmass of secondary fluid per
mass of mixture)The diffusion coefficient is given by

_ m
G= D, +*t .
s (1.16)

where D,C[mz/s] is the kinematic diffusivity thatcharacterizesthe fluids pair. No volumetric
generation is contemplateith EasyCFD, for multi-component fluid flow.

Unlike passive scalars, the concentration of the secorillgdlyplays an active role in the flow
field, as fluid properties depend on the concentratiosach component. The mixture properties (such
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as viscosity, heat capacity, etc.) are determined as a weighted average of the properties of ea
component. Thus, for a generic propetiywe have:

X=f Xy +{ X, (1.17)

Exception is made for density. A simple analysis may prove that the mixture demsigiven

by:
&f 3
¢ +
Evidently, the following constrain applies:
fat 6 A (.19

Al1.8 1 Turbulence  Modelling

The properties of a turbulent flojvelocity, pressure, efcare notconstant in time; instead, they
present ostlationsabout araverage valueThe numerical calculation of the instantaneous value is not
amenable with present day techniques and resources, due to the high temporal and spatial frequenc
thatcharacterize¢hese flows. We arehus,left with the calculation of the average values, oifilyese
can be desibed through the Reynolds decomposition:

EF= F+ (1.20)

where £ is the instantaneous valug is the average value anfd is the difference between the two

(fluctuation) When the Reynolds decomposition is applied to the transport equations and the equation
are the averaged, some extra terms appear, due to the following pdhestseed for the third term
of equation(1.2)):

ruw= uw+ g'w (1.22)

The last termin the previous equation has the dimensions of a stress and thus, can be expresse
as the product of a viscosity (turbulent viscosity) by an average velocity graaBentthe case of the
Al ami nar (bhis Bypothess svassproposed Bpussinesyy The computation of the turbulent
viscosity is madeecurring to a turbulence model. EasyCnplementsthe k-eand the STT (Shear
Stress Transport) models, as described next.

Al1.8.1 8 Thek-e turbulence model

The standard formulation of this turbulence model is describécumderand Spalding, 1972
LaunderandSpalding, 1974Djilali et al., 1989 The turbulent viscosity igiven by:

rk?
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The turbulere kinetic energyk, as well as itslissipation ratge [n?/s%], are computed with the
following transport equations

:“(k)+,U U _,@énﬂék;@ £ m kB @
L (ruk) = mvk) = S —t +—@ + r 1.23
I /x( ) 4§ ) Xg ) T aﬂ ; g’q"; fs/_%,u & (123

Cau T W guwawpd
=M, 02 R S,

while the ternmGt accounts for the production or destructiork@ind edue to the thermal gradients

.
G, = bgP—”Z“E (1.26)
t

The remaining model constants :are

C,,=0.09 5, =1.0 s,=13 C,=144 C,=192 C,=1.44 (127

Wall laws

In the proximity of a wallthe previous equations should be modified account for the viscous
effects that become predominant. The sdilion of a lowReynolds number turbulence model
represents the best approach to this problem. In this caseradsteesolution near the wall mube
ensured, withmeshnodes inside the viscous slayer. In this approach, damping functions are
employedas a way of modellinghe effects of viscosity upon the nemall flow. The alternative,
which is of easier implementation and does not require fise mesh consiss on the utilsationof
wall functions, which ensure the connection between the viscoukgeiband the inertia layer. The
distinction between these two lagés given by they", value

. Uy _meO'ZS\/Ey
y m m

(1.28)

wherevu, represergthe friction velocity and is the distance tthe wall Thus, we have:
y"'¢11.63 Y viscous subayer
y"'>1163 Y inertiasublayer

The utilisationof wall laws does not requirmeshnodes in the viscous sddwyer, which is a
major advantage from the computational standpoint.
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Wall laws for momentum

The momentum flux per unit area along the direction normal to the wall is given by the wall
shear stress, which is computed differerdgpending on the location of the wakighbournode
relatively to the transition between the viscous and the inertidagebs. Denoting byv the generic
velocity component parallel to the wall (which may, actuallyulme w) and byy the distance to th
wall (which may, actually, beor x), we have

y' ¢1163 Y t, =M Y (129
y

0B ok

y'>1163 Y ¢, m

(y 3 (1.30)

where v, is the wall velocity E =9.792 for smooth walls andc =0.4187 is the von Karman
constant.

Wall laws for turbulence kinetic energy

In the wall neighbourhoodthe production tern{equaion (1.25)) is computed assuming a
Couetteflow:

A 2,
au

B=m - (1.32)

ey

where, once agaiw,is the generic velocity component parallel to the wall aisithe generic distance
to the wall Due to its significant variations near the wadl,is averaged for the calculation of the term
r ¢in equation(1.23):

y'¢1163 Y re= g7 kS (1.32)
y
) In(E* y+)
y">1163 Y r e= €27 kl-SC—y (1.33)

For the turbulence kinetic energy, a zero flux along the direction perpendicular to the wall is
assigned.

Wall laws for dissipation rate of turbulence kinetic
Equation(1.24) is not employed in the node adjacent to thdl.Wastead, the dissipation rate is
given by
C 0.75 k1.5
_~m

cy

e (1.39)

Wall laws for energy
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As for momenaim, energy flux is computed differently depending on tfievalues. In this case,
we have

y ¢ 12

(B &) (1.35)

. rc, Cp 2Nk
y'>12 Y g = n K gg 8)) (1.36)

Pr, glln(E y ) H

Pry

whereT, is the wall temperaturand P* is the so calledaytill aka functior

ea 0.5
P _924 Pr 8 1§1 9.28exp a@oo?L (1.37)

Wall laws for otheiscalars

Other scalars are treated similarly as for energy, with the Prandtl ndPnlveplaced by the
Schmidt numberSc

A1.8.2 8 The SSTurbulence model

The SST model (Menter, 1993 represents a combination of thee and thek-w models
According toMenter, Kuntz and Langtry2003 the k-w model is more accurate netire wall but
presents a high sensitivity to tevalues in he free stream regigrwhere the&k-emodelshowsa better
behavior. he SSTmodel represents a blend of the two, through a weighting factor computed based on
the nearest wall distancéhe governing equations are:

Hirk), kel (B o e )y B ko A K|
i w o rw x% M A) g, Zp(% ms (139
and
u(r w l(lla) (Lwr) wmia wo A "
TR AT T g Z‘H($”7W$)—”Z7
+2R b rwl R) /,;stl_éuk_w ko (139

nt Bix m zu zy

where wis the frequency of dissipation of turbulent kinetic energ¥.[s

The production of turbulent kinetic energy is limited to previne buildup of turbulece in
stagnant regions:

R, =min( R ,1060 * rk ) (1.40)
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Theweighting functionF is given by

é@ & 3 lek'

Flztanh| |m|nema ;/— S007 C8>4r Sie K (1.41)
11 e W y'w CDKWf
[ ¢

and
a K
MK W 10
Ch,, =maxgZ s,——— ,10 (142

kw )é\% VQWHXj N]

wherey represents the distance to the neighbour asadl » is the laminar dynamic viscosit¥; is
zero away from the wafk-emodel)andchanges to unit insidine boundary layek{ wmodel), with a
smooth transition based gn

The turbulent viscositgomputed as:

n, = . :Ilvt;s s (1.43)
whereSis the invariant measure of the strain rate, given by
SSNEY Ty
and
e JK 5007 00
F, —tanh. ema?ﬂ o @a 4' (1.45)

The constants are computed as a blend ofktkeeand thek-e models, through the following
generic equation:

a=F, g {1 F) 3 (1.46)
The constants are:
ai= 5/9 b = 3/40 Sk1=0.85 sm=0.5
a= 044 b =0.0828 Sko=1 Sup = 0.856

b =0.09

Near Wall treatment

The near wall treatment for momentum and turbulence equations implemented in BasyCF
follows the proposal described Menter, Ferreira and Konno, 200Bhe basic principle behind the
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automatic wall functions is to switch from a léReynolds number formulation to a wall function
based on the grid nodes proximity to the wall. Accordinthése authorghe automatic wall treatment
avoids the deterioratioof results typical of lowReynolds models when applied on too coarse meshes.

The known solutions fowin theviscous (linearpnd in the logarithmic near wall region are:

6n u,

W.=——= ; = 14
" 0.075y e T3k y (147
The imposed value farvat the first node close to a wall is:
= s + (1.48)

For the turbulence kinetic energy, a zero flux along the direction perpendicular to the wall is
assigned.

In turn, for the momenturaquations, a similar reasoning applies, with expressions for the shear
velocity in the viscous and in the logarithmic region:

vis U1

U~ =—=+ % = kUl
y

;U _In(E—y+) (1.49)

with U as thefluid velocity relative to the wall velocityl he wall shear stress is computed as follows:

u, = ‘\‘/ ( uV}S)4 (u"’?)4 (1.50)

Al1.9 T The Buoyancy Term
The buoyancy term in equatio(ik3) and (A1.3b) is given by:

I = g(r -(ef) (1.51)

where 7 is a reference density angl=9.81m/ $ is the gravity acceleration. The above term is

computed differently depending on the problem physics.

A1.9.1 6 NorHsothermal single component flow with the Boussinesq approximation

If the thermal amplitude within the calculation domain is relatively s(mallD] 1, with b as
the thermal expansion coefficigntt is viable to adopt the Boussinesq approximation, which corssider

the fluid density as constanexcept in its contribution to the buoyancy tedm.this case, density
variations are approximated as:

F= et = v (-Ib Tréf) (1.52

and, thus:
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I = It 9 [(T ref) (1'53)
In the previous equatiorr,; is the fluid density at the reference temperafije.

A1.9.2 8 Nor+sothermal single component flow without the Boussinesq approximation

If the Boussinesq approximation istramnsidereddensity variations araccounted fom all the
terms of the transport equations and the buoyancy term is computed directly with e(iuatipi his
option s available, withinEasyCFD, for the fluidsAir and Water, for single component fluid flow.
Density is computed as:

For air(considered as a perfect gas:

B 1.013 16
- 287(T[°d+ 273.15 (59
For water.
r=10° -1.78 10?| f°¢ [’ (155)

A1.9.3 @ Isothermal multi-component component flow

In this case, equatidil.51) is used directly, with the density given by equatibi8).

A1.9.4 8 Nomdsothermal multi-component component flow with the Boussinesq approximation

The local densityr, enterng in equatiorn(1.51), is a function of both tengpature and mixture
composition. Dependence of density with temperature is computed usingixhere thermal
expansion cdécient. Equation(1.51) becomes:

= g& -m (ﬂ' 'I;éf) el | (1.56)

where the mixture propertigsand 6 are given by equatiofl.18). The reference density; is taken

as the densitpf the main fluid,r1.

A1.10 i 3D Axi sym metric form for transport equations

Threedimensional problems presenting agxisnetry can be solved using a 2D approach,
provided the equati@nare written in a cylindrical coordinate system. Assuming the coordinate
system, where is the radial coordinate, the general transport equatenmes the following form

,u( r) ruj# /Srw = _d5ﬂ+_ r% Sg (1.57)

ut
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A similar form is obtained for the specific equations for momentum, continuity, energyn etc.
the implementation within EasyC¥: the user can choose the symmetry axisr(2).
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A2 17 Numerical Method

A2.1 T Transformation of Coordinates

The following presentation is made for the Cartesian form of the transport equations. -The 3D
axissimetric form is treated in a similar way.

Discretsation and integration of the transport equations described previously are performed
using a nororthogonalgeneralizedmesHh, as shown in Figure 2.1(aJhe independent Cartesian
coordinatesX, z), describing the physical domaiare thus replaced by a boundary fitted coordinate
system(x, z), definedby the mesh lineg’hich may have, locally, any orientation and inclination. The
computationaldomain @s opposed téhe physical domain)s the space regarded in terms tbe
boundary fitted coordinate systernordinategx, z), as depicted in Figure 2.1(bn the computational
domain,the meshspacing is considered, for convenience, as unitary:

Dx = > 1 2.1)

and the mesh lines are always horizontalifes) or vertical £ lines). The computational domain
describes, in fact, the indexation for thiimensional arrays storingpe dependent and independent
values for the variables.

The mesharrangement isfahe collocated type (as opposed to the staggmest), with the two
velocity components and scalar quantities (temperature, pressure, turbulence kinetic energy and i
dissipation rateas well agoncentrations) located at the control volureatre(cf. Figure A2.1)

(@) (b)

Figure A.11 The two domains(a) physicaldomain showing the mesh lines. (b) computatiothainain

! The mesh is the set geometric locations where the solutia®( values for velocity, pressure, etc.) takes place.
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Transformation of the original equationsaiscomplishedy replacing the independent variahles
using thechain rule whichstates thatgenerically:

Wo_ W W 29
X g o X 0 xf 22

The Jacobian of the transformation:

X

Zj %2, X2 (2.3)

represents the ratio between the physical size of the control volume and its computational size (define
as unitary; for convenienc®x = [r 1).

The derivativesx,, x,, z,z, are the contravariant metrics of the transformation. They are
computed from the covariant metrigs, z,, x,, z,, as follows:

XZ ZX XX
X =— , X,= — , 2,= — , Z,=— (2.4)
J J J

X z

The metric identitygiven by

+_u“}J 7 o ; “%(szp—uja 7 (2.5)

is then applied to get the following form for the general transport equation:

General Transport Equation:

To obtain the strong conservative form in the boundary fitted coordinate systerpy (he
transport equationdl.1) are transformed through the application of the chain(@B andmultiplied
by the Jacobian of the transformatidrhe metric identity(2.5) is thenused to recast some terms. The
result is:

f
GHUL I (3G ) B3 w) £
Ut U X Y7 V4 2.6)
P MM UG  HUB U ool '
Gagh H G F@ge Ge— +' 3
R pdk U Hz “Sax Uz €uz"
The termgy'?, g'® andg® are the contravariant metric relations, given by:
VEx HF G 97=20 420 gPEX 7 @7

The nonorthogonal terng*3is null if themeshis locally orthogonal.
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U and W, in equation(2.6), are the contravariant velocities. The terddg U and Jr W

represent mass fluxes through the control volume faces, along the computational diveanolz
respectively, and are computed as follows:

F,=Jru =/(zzu xy\) (2.8)
F,=J3rwW :I(XXW -z;.) (2.9)

Note that, in this case, the sirfulex for the fluxegsuch as inF, ) represents the flux direction
(and not a derivative, such as for the metrics).

Equation(2.6) may be rewritten as:

p ) p B ;
T /J(Ff F&Ffl) § [ H ﬂxgé @é 219

where the cross derivatives were incorporated into the source3gm

NavierStokes equations:

A similar procedure is applied to obtain the generalized form of the N&tadies equations

u component:

1 U@ ,Le u a
a2 S e B ¥
Hx u Uxe H<Z u H HX z

K ecamttr 2 g 1a g i o
X ¢ HX Wz @ Z¢ UX 3
) o (2.11)

Heoly My y BB MG A WA W

HX ¢ U X z &4 Z¢ u x

2ue_a, m wos2 u€ & upu, u uoo
CHGIgg P x ot Hace K FHe Y H

e XV x X o
suR & Hx e pux %G ouz
é o ~ o

zﬁ‘])(xip_éG?$><X27‘Mll+x ZQHV\I}I%‘Z_ % ;/%Z_VVZIL)I‘; z Wzl
3uUx HE ¢ X Bz & Mc U X
a_ up /p 0

Ja& —+ 7— ¢

c HMX ,U2

Casting the cross derivatives into a single source term, one may write:

u( o
] yt)+%()f*”) J&Féj) ﬂGJgu uyg M@ 3#uz ﬂé;e# HaP }Z}“% (2.12)

or
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(2.13)

p(m) u B B, g W ue, u av
J s arom) ~Hamy =& g Y . K @— _F J%
(row) +=13 iy g ux ¢ [ ,Uthu

ut Ux Uz UxXg Uz z
ue_ a, w w o  ue A& wyu, w u
LGl =+ x, 2= § d G Z4ezy+z— o
U & ux Rz pux 214
ue _ & u _%166 Ue A U u u _u
—gGJ X X—+ X Ol é Z x 7. %
,u)g ge U x %z &4 Z¢ u x
2u€ &, w wos2  ué 3 W, WopOk
——gGJ —+ X, Z= Hr-— Ggp, X 2+ ,—
3# ?’f ,UXZ z 3 guzéfz z ux 9{
Eies‘] ;’x z)ﬂ-'- X ’X_%I w 2_ ’ug z_g 4 X z o
3u C MU X 3 M Z¢ U X
HP AP 0o
Jx,—+ z— gt
Fux Tl

wherel represents buoyancy forc&3asting the cross derivatives into a sengburce terntesults

ﬁ#()l(ixw) J&Féw pGJg“ W'ug’ ﬂx@ 3#\’; ”ﬁe# HaP ﬁiﬂ“ (2.15)

s#Lm)

or

p(m) p U _Bai WD 3Wﬂ|0 P M
J +—ﬂ(XFXW) +—€UF2W) GJd g @93 gt LP gy

pt HXe UZ Uz ?jﬂ( (2.16)

Continuity equation:

The generalized form of the continuity equation is:
L) —®"
IE4Aarv) W) £ (2.17)
m ’(' =M
or:

Iut+—’u/ér(;u -XZV\) 8+—’5/§xyv z;)l ! (218
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A2.2 1 Integration

The integration and solution method for the transport equatwesntirely based on the
methodology byPatankar (1980)with some of the suggestions describedven Doormaal and
Raithby (1984)

A2.2.1 8 Space integration

Let us, now, focus on the integration of the transport equation for the varfiabi&ing as
referencehe control volume shown ifigureA.2.

| | k+1) |
_TC_)T______TT___ ___TTI'E

| | |

| |t |

| | |

| | |
G 160 %1k

|O 0 |P e |E

| | |

| | |

| b |

| | |

| | (k1) |
B0 L IC e

Figure A.21 Control volume in the computational domain.

The general equatidi2.10) may be written as

p(r)f ua L U HE L
i A TR R

The integration of the previous equation inGtg leads to

J

‘]¥f+g|:xefe Ggll)e( Ef -P)fg Fg s} k_‘]glﬁ( P J- ﬁ I

+o f { @g®) (+f ) g FE, (9 (. J- S S o

(2.20)

or

K srr D(f -FarFe. m{ . F)-1
o TR DLE JgFe. DL, 7d-7g .

gtht'Dt(wf -P) H'thb fD'b( P fB} f‘]égg Sa E’)

J
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where the source term has been explicited as a linear combimaoining7,. D represents the
diffusive coefficients, respectively:

Fe:er :gr(zzu X}’\)e{, F0:Fxo :gf(zzu Xy\)i
F=F. #(xw zy {: R=F, #(xw zy ¢ (2.22)

o=(c), 0, { @), 0. £ &), 0, (=289, =

t

In the prewous expressions, trgubscriptandicate the location relative to ti&&V centre in the
computational domajnwith the uppercase denotingeighbournodes and the lowercase denoting
neighbourfaces(cf. Figure A2.2)

E.e-East; O,0.-West Tt -Top B,b: - Bottom

For simplicity, in equatiorf2.21), the subscripx and z was dropped from the fluxds (in fact,
fluxes across the eastern and western faces are always alonditbetion and fluxes across the top
and bottom faces are always along thdirection).

A2.2.2 & Time integration

Time integrations done using, either the First Order Backward Esdéieme:

%’t:il)(rpg - ) (2.24)

or the SecondOrder Backward Euler scheme:

p( r)f_1as 0,0 71 o0
— = -2 =+ 2.2
/,lt te’?z'rpé o p 2 P 20 ( 5)

The exporent0 (ke in 79) refersto the previous time instantonetime instant back), while the
exponent 00 refers to 2 time instants back

Time integration is performed adopting a fully implicit approaich, it is assumed that the
values corresponding to the present time instant preuaitg almost the totality of the time interval

In the mathematical counterpart, this is equivalent to take as unit the weighting fadte following
equation

t+ t+D
fifdt=gf 741 ) °fgtD f 1= Y pptf = (2.26)
t

t

For the solutiorof the equations, it is necesyg to evaluate the values éfin the CV faces(i.e.,
fe, £, /). These values are computed as functiobath 7, andthe valuesin the neighboumodes

fe, &, +f g, according to the adopted advection sch€toebe described later hrEquation(2.21)
may, tha, be written in the following standard form
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afp=ac £ ta, f & faf £ (2.27)
or, in a more compact manner
apf o= AUy, 0 (2.27)
nb

with inbd i atindy that the sum is to be performed for all tlegghbouringocatiors.

For theFirst Order Backward Euler time integration

é 0
b=JaS, Lok (2.29)
C 151
= Blet g0 ) A - e’ 2.29
= 1B, & g 8@7 S 0 Y ?; & ‘g = (2.29)
For the Second Order Backward Euler time integration:
— e 1a, o 1, 00(_3_
b=JgS, + 20 B S F 27y (2.30)
e (; 2 -
ao=a & a Bor.h S  #A & Jom £ 9 @3
G o = viz ’ E@

A2.2.3 8 Advection schemes

The problem, now, is how to computg, £, ,f, as function off,, £, of ;.,fg, in order to
obtain the coefficients, ,a, ,a ,a of equation(2.27). Let us take, for examplé,, which shouldbe
a function of 7/, and of 7. A simple arithmetic average is not a physically plausible solution since,
due to the presence of a flow, the propeftybeing advected, tends to assume a value closer to the

upwind value Several advection schemes may be adopted, being the simplest apsvthdscheme.
According to this scheme, the propeftyin the CV face takes the upwind vadu.e., for example:

>0 Y £, =£ (2.32)

F.<O Y 7, =f (A2.10)

Upwindscheme:

=D + F,0 ;a D KO

2.33
a=D + R0 ;a O F0 &9

where the operator takes thelargest of its argument©ther schemes may be considered, even

involving nonneighboumodes ofP. BesidesUpwind the present code adopts the advection schemes
described inPatankar (1980Q)all first order accurateand theQuick scheme, which is thirdrder
accurate.
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Hybrid scheme

a: =H0.§ F|,.DH -05F ; & 05K .0 ©5F
(2.39)
a; =H0.5F|,07 -0.5F ; @ =05F B ©5F
PowerLaw scheme
g 4 0.1F| % . % 401 F 5%6
a: =D,H0&l D 0, B ;& DO,JaeD— o 0,F
¢ ’ ¢« - (2.35)
3 0.4F|
& ﬂtlg |
C

Quick scheme:

The Quick scheme ighird-order accuratecasyCFD implements the deferred correction scheme
version ofHayasg(1992) which combines the first order upwind scherok Equationg2.33)) with a
third order correctionbquick, added tdhe source term. The corresponding mathematical formulation is
as follows:

bquu:k

1

gFe,o( fo -2 £ 3J = 0(3,72¢ B!

S RO (Fo- 2£-J % FO( of 25 B+ (239
1

gFt’ (-B_Zé gT)( ry (3 f2, TT)'f

1

3 F.0 (- 2£ - .f § F.0( o 24 B+ f

The Quick scheme has better accuracy than the previous schemes, resulting in low values of fals
diffusion. To illustrate, consider the case of the transport falast subject to a steep variation in the
boundary conditions, represented in Figure A3. The flow is not aligned with the mesh and physica
diffusion is zero. The solution for the scalar plotted along the main diagonal perpendicular to the flow
directionof represented ifrigure A.3. It may be observed that, when compared to the exact solution,
the Quick scheme presents better accuracy, although at the expenses of minor overshoots a
undershoots, corresponding to unbounded results. This may lead to unrealistic solutions. The san
happens vth the second order upwind scheme, which formulation is presented below.

Total variation diminishing (TVD) schemes were developed to provide semoled accurate
solutions that are free or neaflge from oscillations (cfVertseeg and Malalasekera, 208t further
information on the subject)ror their formulation, the property at fates computed assembling a
diffusive upwind part and an ardiffusive contribution, written in the following form (dfFigureA.4)
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fi=¢ 905 M)( Df'c) (2.37)

wherey (r) if a flux limiter andr quantifies the variation of.
(2.39)

The value of the upstream nodan be either taken at the upstream control volumegmputed
by interpolation at a location obtained by projecting the Dr€ (cf. Figure A.4). The latest option is
computationally much more expensive and is optional, being carried out only near convergence
Different formulations for the functiory(r) correspond to different schemes. The seeonkbr

upwind scheme is obtained fyr(r): r , while the previously presented Quick scheme is obtained for
y (r)=(3 *)/4. As previously referred, the schemes are not TVD. The septation of the
function y (r) allows the identification of the TVD region, which is the region including the shaded

area and below, adepicted inFigure A.5. Seconeorder accurate schemes should, also, pass through
the location (1,1) in the Sweby diagram. Some of the schemes presentertseeg and
Malalasekera, 200@re available in Easy@F, as listed in Tablé&1l. The results btained with these
schemes ardisplayed inFigureA.6. It is noticeable that, when compared with the hybrid scheme, the
TVD schemes show much less false diffusion, without the problem of undershoots and overshoots c
nonTVD schemes like Quickral second order upwind.

\1 m/s oo

1.2

\\ —— Exact
08 —— Hybrid
— Quick
0.6 — 2nd order upwind

| N

-0.2

(b)

Figure A.37 Domain and boundary conditions for false diffusion problem. (a) Solution obtained with the hybrid advection
scheme; (b) comparison between the hylihid Quickand the second order upwind schemes
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Figure A.471 Location of control volumes for computation of property at face f.

| w=2r w=r

B SUPERBEE
2 B / /( UMIST Van Leer

W | SUPERBEE L= == o — | = — Bl = 3|

[ /| fmmmimimd e e Yo i
1

» \ MIN_MOD
O L | | | | | | | | |

0 2 4 6 8

Figure A.51 The Sweby diagim (from Vertseeg and Malalasekera, 2007)

Table A11 TVD advection schemédmplemented in Easydr

Scheme y ()
Min-Mod y (r)=maxgo,mir( 1,)
Van Leer _r +|f|
Y (r)— 1+r
SUPERBEE y (r)=maxgo,mir( 2r, } ,miQ r, P
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1.2

Exact

\
—— Hybrid
08 : d

Min_Mod
Van Leer
06 — v ----- SUPERBE|
0.4
0.2 +
N\
[}
[}
1\
0
-0.2

(@) (b)

Figure A.67 (a) Comparison between the different schemes Solution obtained with the hybrid advection scheme; (b)
comparison between the hybrid and the Quick scheme.

The values for density antiffusion coefficiens at theCV faces, necessary for the evaluation of
fluxes in equatiorf2.20), are obtained through linearterpolation The weighting factor is the inverse
of distanceTaking, as example, the calculation of density for evaigdtie advective flux at thEast
boundary of the control volume depictedrigureA.7, we get

ro="f, {1 §) ¢ (2.39)
with
f = e (2.40)
e o :

The previous equation leads to the arithmetic avevagenthe control volume face is placed
exactly midway between theeighboumodes (e, when L, = L2 ).

For the calculation of diffusive fluxeg,is more correct to employ the following formula for the
calculation of the diffusion coeffient (Patankar 1980

1

A P E— (2.41)
al- fe + fe (
& (
FG6 G

In this caseif [L,,, = I ., the harmonic average is obtainbdthe present codéoth types of
interpolation for the computation of the diffusion coefficieats available
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Figure A.71 Control volume in th@hysicaldomain.

A2.3 T Pressure -Velocity coupling

The present code adopts tB&MPLEC algorithm (Semilmplicit Method for Pressurkinked
Equations- Consistent), prop@sl by Van Doormaaland Raithby (1984), which is based on the
original formulation SIMPLE by Patankar (1980)Due to the nosstaggeredmesh arrangement
(collocated mesh), The RieChow interpolation procedureRbie and Chow, 1983 with the
modifications proposed hylajumdar (1988 also described b8hen et. al. (2003)is implemented in
the present code.

Let us consider thas momentum conservation equatiq@.13). After its integration, the
evaluation of this equatioeads to

o Up P
— N sl o - 2.42
3Up =8 AUy 2 X #, ﬂzﬁjm (2.42)

During the iterative process, velocities are computed from the available velocity fiell and
pressure fieldp’ obtained at the previous step, as follows

&,,1 8 L. - @ H“p P
+—= d = z+= + 2.43
apgél c 8 %nibanbunb = ;#X z NZ§OSSI (243

whereE is theunderrelaxation factoproposed bywan Doormaal and Raithby (1984)

A2.4 T Velocity Correction

During the iterative process, unless convergenceashed the velocity field u” obtainedfrom

the solution of the momentum equationgsloot satisfy the continuity requiremeninless the correct
pressure #d p was employedinstead of an incorrect pressure fiefil). This means that, if the

correct pressure fieldasemployed, a massonservative velocity field would be obtained:

+= 33 LA LA 2.44
apgel E g&: :?b 3 Uy E u z X Z > (2.44)
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Thus, the pressure fielp* should be corrected by a certain amopnt
p=p* P (249
and,similarly, for the velocity field
Up = Up Hp (2:46)

Subtracting equatio(2.44) from equation(2.43) and taking intoaccount equation.45) and
(2.46), one obtains

A A, 250 2P (247)

+ -
nb -;,UX H

A

'I'@Ol

"OPLQJ"
m|e

The combination of equatior{2.46) and(2.47) with the continuity equation would allow us to
get an equation for the pressure correctiph. In this case, however, eagh' value would remain

connected to the' values in the entire domain, due to the tefra,,U,, in the previous equation.
nb

As a workaround, th8IMPLEalgorithm proposes to drop this termeiquation(2.47):

18 o0y LHP LW
+E :?baﬁbunb -;,UX Z (2.48)

& 7

uo?ﬁ_\mo
.I.g:oz

A better proposal, which constitutes the keystone ofSW¢PLEC algorithm consiss on the
subtraction of the tern@ anbljp to both sides of the equation

e & . 1 6. 1} e : up D
p +— = = - — ¥ 2.49
8‘%8&1 E g?t; ap EP aad L U X Z, P ( )

or, for simplicity:

< _ o HP P
= -Zz—— ¥ 2.50
aPuP é ,U X X ,U ( )
where:
B 3 1 6..
G =3l = 6@ ay (2.51)
(;; E = nb

being, in this case, dropped the term indicatedequation (2.49). This is a more Consistent
approximation tht the SIMPLE proposal, as, will be close to itsieighboursThe equations for the

velocity correction are obtained through the pressure correction field, recurring to the previous
equation
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U= KPP (252
¥ HX & H
leading to:
Up = U, f"& ﬂziﬁ (2.53
P X & H
and for thew component
w,= HP Lz (2.54)
b HZ G H
leading to
W, = W, L HP o X P (2.55)
b HX & H

A2.5 T The Pressure Correction Equation

As previously stated, the objective of the pressure correctionpigothuce a pressure field such
thatthe solution of the momentum equatideasa massconservative velocity fieldConsequetty, the
eqguations for solving the dield must be obtainetfom the continuityequation The discretied form
of this equation is obtained directly from the integration of equdfic):

er[-:t g+gr(QU-XZV\)£ -/ézzu x;)/o 8&)@\/@/ z)t;t (ﬁrxvg z)ub;( (2.56)

As one may see, velocities are, now, needed at the control volume faces. Taking €8&8ion
at e adidd f ac €85 atn dtoh ea bdd ffasabstituting into equatio(2.56) and
rearranging the terms leatits

Fo- b, arg, up 0O g’?m 0 g, @ p G, Py
J—F I:'-'-Fe _Fo F; F*E ~33_ 0] 2 0~llce 0 25
cH HX: & HX+8&c¢c (HZ& ¢ |, (257
arg,up 0 B, 4p +(.~? g.f W ar, pu 0= 0
x5 0) £ 0. & U & - (0]
¢l HZs & HZBg HXB o, HX -
The termsg; are the covariant metric relations, defined as:
g9,=x° #; g F (2.58)
O =X 2] g I (2.59)
Os=XX, 42z ,=¢ J (2.60)
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The derivatives are evaluated(at Figure A2.2)

sup 8 . sup sup 6 5 .
B D P P P &P P P Py (260
CHX & CHX g CHZ = CH Z 4y
and
o ' 6 ' 2 ' 6 . . ) ,
2P 50250 *Re B Ro) i @ 5025 R *he B Ro)
CH X+ GCH X+
o ' 6 , , 2 ' 6 ' '
el 50251 +Be B R me 5025 B R B Ro) (262
Q'uze+ Q’UZO+

Introducing the discretation expressed by equatiorf®.62) and (2.61) into equation(2.57)

allows us to obtain the pressure correction equation:

WP P Rk BR &R (263)
where
_a Oas _2 gy ¢ _a O ¢ _a O ¢
a < - =g dr =g ; Ag = (2.64)
Fair) | Eaur) Eaolr) L Fair) |
ap=a B & & (2.65)
0
=2k R R OR ORr -
o
& g, up 6 &, 4 O p @ (269
13 -- 13 _A 13
gaP/r MZ2 %l r ,uz@(aP/% %/ §_
The ( ) symbol denotes a linear interpolation from the control volureatre (where the

momentum equatiaare defined)to the controlvolume faceqwhere the fluxes for the continuity

eguations are needed)

The pressure correction fiefd @btained from the solution of equati¢263) is empoyed for
correcting the pressure through equati@d5) and velocity through equatiori2.53) and(2.55). Note
that, since these equations are defined at the control vaentes p derivatives areevaluated as:

o5(n -R) ae/:I—p =0.5(8 -n) (2.67)

/JXI o P

) o
k
.
Y OOl

One may note thairessurevalues at the control voluneentrearenot included in the evaluation
of these derivatives (the same applies for the pressure derivatives in the momentum e¢Ratpns
and(2.16)). This may lead to the well know checkerboard pattern for the pressure field. To avoid this
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effect, the Cle-Row interpolation method proposes that the mass flurdse evaluated at the control
volume interfaces for all the transport equatifiis Fo, Fr and Fy, in (2.21)), be corrected using the
pressure correctiop dield (instead of being computed from the corrected control voloerdre
velocities).The correction equations for fluxes are obtained for the correction equations for velocities:

. € r\d 00

Fe,o = Fe,o € ~_>@ 33£ 913 B (1] (2.68)
g\ /c W Wz 1)
. ¢ r\ad w e

Fo =Fip e g>g9n£ 613 ﬁx ol (2.69)

The dAst ar Fetdthe contral xotume interfaces are obtained by interpolating the
momentum equation. The keystone of thehuod is that the pressure gradient is not interpolated, but,
instead, it is obtained directly frothe pressure atontiguous control volumeentres Taking equation
(2.43), evaluated in terms of fluxes, one may write:

R =(1 €)F, F, {L> 0.2 g0 2.70)
. ( ) . . <ap 9’0?%3 ssw( “Zego
\ I r\ a 0
Fo :(l +E) Fo II:_t,b <Z>t’b¢@11£ glé_flxt% (2.71)
The terns |’Ee’0 and F—tb represent the fluxes:
Ee,o:Zz<r E>e’o =% N\E’O (2.72
£, =x (r&), -z( nE 273

where the revised velocitiag and w are obtained frorthe momentunequatiors as follows:

(1- a & b, +b
:a Jj E i i +b V& = (2.74)

. (1-a a a,%,+b
a, W, = a 3 W 7%5% /E*‘b Vi, = (2.79)

Note that the source tertmincludes all the contributiong(g.transient term, cross derivatives
andbuoyancy(for thew velocity componer)), except the underelaxation and pressure gradient.

EasyCm - 3C



A3 1 Boundary Conditions

A3.1 i The p d&Equation

When the local flow velocity is known, such as in the case of solid boundaries oraintets
outlets with imposed velocity, mass flow rate or volume flow ratieere should be no velocity
correction with thgp @alues Consequently, the corresponding coefficient ingh@quation showal be
zero, which is equivalenbtimpose a null gradient for this variable.

A3.2 T Pressure Values

The pressure field isnitialized with null values.The pressure field in the final solution is

established by the pressure corrections that took place during the iterative process. k& veticity

field is conditioned by pressure gradients and not by pressure itself. The pressure at a certain locatic
has not, from this standpoint, a direct physical interpretahi@mvertheless, the overall pressure level
can be imposed by properly spgaig a reference pressure at a certain location B&f5.9.The
velocity field at the outlet is computed based on a global mass balance. There is no needtttheorre
outlet velocities and, consequently, the corresponding icaafts in the pressure correction equation
are zeroThe pressure field excludes the hydrostatic gradient dug, tdcf. equation(1.51)). The total

pressurep,,, i.e., pressure that includes the hydrostatic term, is obtained as:

ptot = p _rref g Z (31)

A3.3 T Moment um

A3.3.1 8 Outlet boundaries and symmetry boundaries

A parabolic condition is assigned to the outlet boundaries, by imposing a null coefficient in the
transport equation#\ similar condition is applied at symmetry boundaries

A3.3.2 0 Walls

Solid boundaries (walls) have a nslip condition,i.e., the fluid in comact with the wall acquires
its velocity. Furthermore, a wall is always impervious to the flow and, consequently, the velocity
component perpendicular to it is zero. Thus, the momentum flux into the wall, f@\thdjacent to
it, is entirely composed bihe diffusive part and is given, per unit area, by the expresg€ldz® and
(1.30). Let us now take, for example GA/ adjecent to a wallas depicted ifrigureA.8. In terms of the
discretizedequation and using equatio(&21) and(2.27), it is not difficult to verify that the flux into
the wall is given byag (fp - g). In this example, since there is no control volume for the velocity
below the wall (there is n@;), the more efficient manner to impose the flux is through the source

term (an alternative would be to ugetifious nodes). Following this approach, the corresponding
coefficient is set to zera.g.

ag =0 (3.2
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and the source terrg, + Sf, is given by:

y" ¢11.63 orlaminar flow Y S =D j_ﬂ g o8 = Dll_—m (3.3)
D_Z DZ

) rC 0.25 G\/E ¢ 0.25 \/&
">1163 Y D|—7 X =pL—" 34
y > $ L In(E* y+) H S |- In(E y+) (3.4)

whereu, is the wall velocity.

\

L st s,

Figure A.81 Control volume in the computational domain, atrieegghbourhooaf a wall.

Note 1: the previous equations illustrate contributions to the source termtfir®mmposition of
boundary conditions. Further to these, the source term may include other contributions such as, fc

example, those from subrelaxation.
Note 2: The shown example is for thkeemodel. Treatment for SSK-emodel follows a similar
approach, adapted for the corresponding equations.

A3.4 1 Energ y

A3.4.1 0 Outlet boundaries and symmetry boundaries
In these boundaries, a null gradient condition is imposed, by setting to zero the corresponding
coefficients in the transportjaations.

A3.4.2 8 Walls

Imposed Flux
Is this case, the heat flux that enters the domain is known. The boundary condition is imposec
through the source term. Taking as example the cdomtome depicted ifrigureA.8, we have
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a, =0 (3.5)

S =Dl H, (36)

where H,, is the heat fluXW/n¥] (positive if entering the domain)

Imposed Temperature

Generically, the imposition of a certain valdg, in a CV may be done with the source term,
through the following formulation:

S =16%,, ; S = 16 (3.7)

If we consider the general equation:

a.. ..

gl @y~ S b “dawh B (3.8)
nb

we can easily conclude that it leads to the desired valug.for

é. a'nbfnb-l- 1020 (:np

— nb
T (39
nb

Denoting byTo the imposed wall temperature and referringFigure A.8, the wall functions
(1.35) and(1.36) lead to

ag =0 (3.10)
¢12 Y § DL il T .S DL B (3.11)
Y ProL, ° Pr D, '
} CO.25 k C0.25 k
y'>12 Y § DL \rc" w K ;S Dl rf:" K (3.12
Pr, giln(E* y+)+ P Pr lgn(E y+) +P
e u

A3.5 1 Turbulen ce Kinetic Energy and Dissipation Rate (k -e model)

Note: Treatment for SSTk-e model follows a approachsimilar to the one described next
adapted for the corresponding equations
A3.5.1 0 Outlet boundaries and symmetry boundaries

In these boundaries, a null gradient condition is imposed, by setting to zerortbsponding
coefficients in the transport equation
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A3.5.2 8 Walls

Turbulence kinetic energy

As stated insectionAl.7.3, the turbulence kinetic energy flux is set to zero in the direction
perpendicular to the wall. Thus, referring to @ depicted inFigureA.8:

ag =0 (3.13)

The source term fdt also includes the termg, r ¢and G, (cf. equation(1.23)) and, in theCV

neighbourto thewall, equationg1.31) to (1.33) are employedThe implementation in the source term
is made as follows

fG. <0 Y § =JP ; S :)(GFT“} (3.14)
1G>0 Y §=(p §) s =3~ (3.15)
Negative terms are no includedS,, in order to preverk from becoming negative.

Dissipation rate of turbulence kinetic energy
In the CV adjacent to the wall, the dissipation rate is evaluated by the equdiid4,
implemented in the source term

S5 =106%, ; S = 16 (3.16)

For the remaining control volumes (not adjacent to the wHig different source terms in
equation(1.24) are included inS or in & depending on whether they are positive or negative,
respectively(for more details on thinearizationof the source term, pleasé Patankar1980

A3.6 1 Other Scalars

Other scalars include passive scalars and the concentration of the secondary fluid in multi
component fluid flow.

A3.6.1 0 Outlet boundaries and symmetry boundaries

In these boundaries, a null gradient condition is imposed, by setting to zero the corresponding
coeffidents in the transport equations.

A3.6.2 6 Walls

Other scalars are treated similarly as for energy, with the Prandtl niPnlreplaced by the
Schmidt number$c
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A4 1 Solution of the equations

The solutionof the equations previoustlescribedequdions for u, w, p 0T, k, and g is carried
out with an iterative procedure based on TBMA (TriDiagonal Matrix Algorithn), which is
described in detail ifPatankar (1980)Basically, instead of sweeping timeshnode by node, this
algorithm solves line by line. In the present code, alternated line sweeps are made for the tw
directions For acceleratinghe converge rate, two relaxation factors (described next) are applied.

A4.1 T Relaxa tion of the Equations  Solution

The solution of the equation $silb or overrelaxed in the following manner
f = f é)mputed -(1 f) Jr(eviou (4-1)

Values off lower than unit lead to subrelaxation, whialuesgreater than unit overrelax the
solution procesdn the present code, the valde=1.1 is employed for the transport equatipnile,

for the pressure correction equatioime Point Successive Over Relaxation method (PSDEhrlich
(1979)is employed

A4.2 T Criterion for Stopping the Solution of the p~ Equations

The transport equations for w, T, k and eare easy to solve and do not need special care. For
these equations, the user simply specifies alfixember of cycles (iteratiah for their solution.The
p @quations, on the other hand, may be quite difficult to solve and require a number of cycles tha
cannot be predicted in advance. Furthermore, it should be ensured thaditld is sufficiently
converged before correcting thielocities,as themass conservation for the velocity field depends on
it. Van Doormaaland Raithby (1985)propose a stopping criten which is based on the Euclidian
normof the residuals. This norm is defined as follows, for iteration

2

- T . T
||gn||=\/a e8P B P ¢ 4.2)

all G nb

where the summation of the residual squares is performetthdoentiredomain(all). The criterion
establishes that thge @quations are sufficiently converged if the following condition is satisfied:

_la

< G (4.3)
(A

g

where g is thenormalizedEuclidian residual andy, ., is its maximum allowed valugg,

=0.1
rmax ’
by default, in thepresent code)This criterion works rather well, though in some occasions it
underpredicts the necessary number of cycles, especially at the beginningSoMEPIeEC iterative

procedure. It is recommended the number of cycles tmbesshan 20.

max
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A4.3 i Convergence Criteria

The whole flow field calculation is considered to be converged when albttmealizedresiduals
are lower that a predefined valee, -

R.R R .R.R.R< R, (4.4)

A4.3.1 8 Normalizedresidual for the mass conservation equation

After solving the momentum equationsf.(SIMPLEC sequence irse¢ion A4.4), the total
normalizedresidual of equatio(il.29) is computed as follows:

_%prl'lg_gr(éu-xﬂ\)ﬁ +/ézzu X})JO 8(”8‘9’ z)ut (8”"8 Z)ube
" ar,

all

(4.5)

The summation of the absolute value of the mass residuals isntmsalized with the
summatio of all mass fluxes=_ entering the control volumes.

A4.3.2 8 Normalizedresidual for the transport equations

The total normalized residual for the transport equationsf.(equation (2.27)) of 7 (
f =u,w,T Kk, is determined as follows:

a "
ﬁévfp- & aul, *4 J
— A nb
Rf 3. & a (fmax- }r:win)
¢

(4.6)

o

1-O: O e: O: Ot
[

max -

where f f.») quantifies the amplitude of the variabfein the calculation domain

A4.4 7 The SIMPLEC Algorithm
The main steps of tieIMPLECalgorithm are described next. Note that,

17 Initialisationof variables.

21 Calculation of coefficients and source terms for the momentum equations. Calculation of

residuals.
371 Solution of the momentum equations.
471 Calculation of coefficients and source terimsthep @quations. Calculation of residuals.
57 Solution of thep @quations.
61 Correction of the velocity field.

77 Correcion of the pressure field.
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81 Calculation of coefficients and source ternigr the energy T), secondary fluid
concentration £_,) and turbulencek(and g equations. Calculation of residuals.

97 Solution of energysecondary fluicconcentratiorand turbulence equations.
107 Checking of convergence criteria and return to ppifitonvergence is not achieved.
117 Calculation of coefficients and source terms for passive scalar transport

127 Solution of passive scalars equations.
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A5 T Mesh Generation

The quality of the flow solion is greatly dependent on the mesh characteristics. The major
requirements for a good mesh are:

0 Higher resolution (i.e., higher nodes concentration) in regions where the flow characteristics
are expected present higher gradiettiese regions argypically, near solid walls (the flow
velocity at the wall is equal to the wall velocity and, thus, a boundary layer is created), and,
especially, near solid boundaries with curvature and where recirculation regions are
expected to be present.

o0 SmoothnessThe mesh spacing should change gradually, to reduce disti@terrors.

0 Low degree of skewnesdhe higher the skewness, the larger the disa®oin errors.
Ideally, the angle of intersection of mesh lines should be clo8&°tahough in most cases
this is not possible.

Two types of quadrilateral meshes are available within EaByCftructured meshes and
unstructured meshes.

Structured meshes allomore controbn the final result, but are more complex to setup and may
be difficult to proper setup ibomplex geometries.

Unstructured meshes are easier to setup, but the user has less control. For instance, for
symmetric geometry, the final mesh will be, more likely, 8gmmetricmesh

Both types of mesh compute the position of inner nodes starting thhe 1D domain boundary
nodes, which are generated as described next.

A5.1 T 1D algebraic mesh generation on the domain boundaries

The calculation of the mesh nodes distribution on the bounda@eesnetric elements defined in
the drawing stageijs carried out using an algebraic method. Let’s consider, for simplicity, a line
segment (for marc geometric element, the method is analejjoGiven the total number of mesh
nodes in the element and the mesh spacimgsand DL, (cf. Figure A.9) in the element edges, the

problem is to find the mesh distribution along the whole element.

DLl DL2
[c,
i=1 =2 i=ntot-1 i=ntot

D

Figure A.91 Meshgenerated using the Laplace systém,(without control functions).

Let’s suppose that the line segment lengtiDlis 2.5m and the total number of nodes is
ntot= 26. If a uniform mesh spacing is consider@i, = I O=m. If the imposed value foDL,
and/or DL, is not 0.1 m the mesh spacing distribution will be Roniform. To exemplify, let’s
considerDL, =0.025m and DL, =0.05rmr. The solution methdis as follows:
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1. A first solution (solution A) for the mesh distribution is computed so as to satisfy the
imposed DL, value, using a constant expansion factor (i.e., a constant value for the ratio

between twoconsecutivemesh spacings)igure A.10 shows the obtained solution. Note
that the impose®L, value is not satisfied in hsdution.

. A similar procedure is followed to compute a second solygotutionB) that satisfies the
imposedDL, value(cf. FigureA.11). Note that the imposedL, value is not satisfied.

. The final solution, satisfying botibL, and DL, imposedvalues is otained by properly
combining both solutions, as follows:

x=(1-f)x, €% ;3 i¢ntot 1 (5.1)

Theweighting factoff is given by:

_ . e (i-2) o
¢ MOty ¢ ;éz( ) o2
2 g ntot- 3
) (5.2)
. € (ntot- 1 -i) @
i>%Ot v a9l ) 9,

g ntot- 3

The exponent in the previous equatiofDecay in sectionB1.3.2 controk how f changes across
the elementFigureA.17 displays the weighting factor for differevélues of the exponent

LR R R * + + * L * * * * * + * * *

Figure A.107 SolutionA: 1D mesh for a constant expansion factor, satisfying the impdsedhlue.

L) L) L] * L] L L L] L] L L) L N D e e D T e e I

Figure A.117 SolutionB: 1D mesh for a constant expansion factor, satisfying the impdsedhlue.

(@) (b) (©)
Figure A.127 Weighting factorf along the geometric element. (a¥ 0.3 (a)c = 1; (a)c = 5;

Figure A.13 andFigureA.14 show the final result for two different values of the expoment

L LB L] L] L

* L] * L L] L L e B e

Figure A.137 Final 1D mesh distribution in a line segmehtc=5; DL, 0.025m; DL, 0.05m.
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L I B N * L] L] * * L] * * L] * L] * * * * * L] LI A |

Figure A.1471 Final 1D mesh distribution in a line segmehit.c=1; DL, 0.025m; DL, .05m.

In these two examples, the mesilze increaseffom both edgesof the line segment into the

middle region. Of course, the final result depends on the segment length, total number of mesh nodke
and mesh spacingsL, and DL,. Figure A.17 and Figure A.18 represent an example where the mesh

spacing is contracting towasdhe segment middle.

L] L] L L] L] L L B B B L L] L] L) L] L]

Figure A.1571 Final 1D mesh distribution in a line segmehit.c=0.3; DL, #0.3m; DL, .3m.

- L] * * L] * LI I L L L * L] * * L] -

Figure A.1671 Final 1D mesh distribution in a line segmehit.c=0.8; DL, #0.3m; DL, .3m.

A5.2 T 2D numerical generation of structured mesh in the inner domain

Numerical generatiof structured meshe®presents a good and practical method to achieve
some of the characteristics descrilpgdviously The numerical procedure implementecEgmsyCHD
closely follows the method described $teger and Sorenson9A9) and Thomas and Middlecoff

(1979)

Mesh generation is a procedure for the calculation of the Cartesian coordira@<f each
meshnode,i.e., a process of finding a relationship between computational coordinates and
Cartesian coordinatex,(2. Numericalmeshgeneration usind-aplace differential equations (and
Poisson differential equations) is mostly used due to the associated smoothness mkshe
produced by these methods. Tlaplacesystem has the followg formulation:

2
“_)2(+%X:0
K (5.3).a
Wz Rz
we g
or
X, + £9)
& 9.39.b

ZXX+ {Z :Q

This equation system states, in fact, thatxfad z coordinates o mesh node is given as the
arithmetic average of thg and z coordinates ofits neighbournodes.Figure A.17 shows a mesh
generated with the Laplace system. The boundary nodes distribution is given as input and the inne
nodes distribution is computed with the differential equatiqbs3). Due to its averaging
characteristics, the Laplace system tends to produce an equally nodes distribution inside the domai
The nonuniform nodes distribution in regisil and2 of FigureA.17 is lost inside the domain (which
may be a disadvantage) and the nodes clustering at the lower boundaryusifoon, i.e.,the
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distance of the first computedline to the lower boundary is increased in convex regions (like region
3) and decrease in concave regions (like redjon

The remedy to these problems is to usmntrol functions. The Poisson system, which
incorporates control functions, is:

XXX+ é :PC P'[

(5.4)
ZXX+ gZ @C @I

In this set ofPoissonequatias, the term®., Q. are forcing terms which allow the control of the
mesh lines clustering near the boundaries (to avoid the effects shown in régadg! of Figure
A.17). In turn, P, Q; are forcing terms to transmit tleeshspacing into the interior of the domain (to
allow the nodes spacing of regiohand?2, in Figure A6.1, to be felt in the inner dompain

TS
R
I Eesear
i
“I“‘Il‘“‘:‘“

[ ]

i
/]
N

|
[BEdsE

!

Figure A.177 Meshgeneratedising the Laplace systeme(, without control functions

Since the unknowns in equatiorfS.4) are the Cartesian coordinates, the solution of these
equations must be carried out in the computational domain. For that purpose, the dependent ar
independent variables are interchanged, yielding:

gzz)&x' 2912Xx2+g.l.1x zz: jg E:) B-I-X (XQl- Q X

) (5.5)
gzzzxx_ 29122x2+g1 Z zz: aé P B)F ZA (X Q g? +Z<

where the covariant metric relationgg are as defined by equatio(®58) to (2.60) and the Jacobiah
is as defined bgquation(2.3).

A5.2.1 06 Control functions Clustering and orthogonality at boundaries
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Steger and Sorenson (197%roposed, for two dimensions, an efficient method for,
simultaneously, achieve orthogonality and a-gpecified mesh clustering (normal distance to a
boundary near the boundaries.

Let 6 s a sdusteneg andhoghogonality is tbe controlled near the lower boundary
defined by ax line?, as depicted ifrigure A.18. Thisboundary is characterized y= z1. The forcing
terms (or control functiondp. and Q. assume valueB.; and Qc: at this boundary and axponential
decay is considered into the inner domain, as given by the following equations:

R=Re% 58

Q =Q,e 9 (5.7)

where a, b are decw factors which control how far and with which intensity the control function
effecs are felt in the inner domain.

S met R anRansesistysy
pusiiy gsleits
qunsigaastaustantgsteiend
Rauniicgnatogatiigtiihy
Eauusfiopsttygisgite
LIRS

il “‘ “‘ xline: z=z;

Figure A.181 Definition of the lower boundary= z.
To computePc1andQc1, equationgb.5) are evaluated at =z, yielding the following set:

_é-zz R_ XZB 0
Pi=ae ] o]
v 7=
a-z,R xR
Q= (

&<

¢ J ;

N

(5.8)

o: Ot

il

{
with:

2 xlines are defined as lines along which the computational coordinaées. They are characterized by a constant value
of the zcomputational coordinate. A similar reasoning applieslioes.
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_é 922)&)(- 2912XX2+911X ZQ
¢ = (5.9)
_a U2Z 29122X2+g1 z 29_
R=a 2 o
¢ J =z

Note that, in this derivation, control functioRsandQ: were set to zero.

In the previous equatior{s.8) and(5.9), all the derivatives inx are known, since the locatior (
andz coordinates) of theneshnodeson theboundaryz, is specified agmposedcondition.

The derivatives irz are computed as a function of the (imposed) distamc®f the firstmesh
nodes z =z, to the surfacez =z, (clustering distance)lt may be prove that, based on the

orthogonality conditionthe following relationg(which includederivatives solely with respect to
direction)apply.

x
N-0: 0: o

N

: ®e
CVyu =, C
a

(5.10)
()., ogt § =B
7 )z= ¢ Q\/ng ﬁ{ 88,/x§+zzx 29:¥

Evaluation of the second derivatives with respect tat z =z, in equationg5.9), is made
using a onesided second order discisdtion as follows:

R
( 22)2_17223-72l +28§ Z 03(2) ] (5.11)
g _— 1

where the subscript 1, 2, 3 indicates the position ofrieshnode relative to the boundary, along the
Z line.

The equations derived previously allow the determination of the forcing fegnand Q. as a
function of the imposed clustering distanos.

Coefficient b, in equation(5.7), controls the attraction of ther lines (clustering) into the
boundary(cf. FigureA.19)

Coefficient a, in equation(5.6), determine how deep inside the computatiordmain the
orthogonality condition is transmitt€df. Figure A.20).
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(b)

0.2 (b)b =0.8.

(@)

Figure A.1971 Effect of the value for thb clustering decay factor. (&)

1.2

0.1 (b)a=

Figure A.2071 Effect of the value for the orthogonality decay factor. (a)

Similar equations areconsideredor imposition of themeshclustering at other boundari¢®p,

east and west, in the computational domain

A5.2.2 § Control functions: Transmission of thenesh spacing into the interior of the domain

Transmission of the boundamed spacing into thanner domain is accomplished with the
control functions proposed Byhomas and Middlecoff (1979The termd?; andQ;, in equatios (5.4)

and(5.5) have the followingormulation

(5.12)

(5.13)

where

(5.14)

2

2

X

X

X

XX, FZ2
+2Z
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XX, +7272
X +7Z,

The termf, responsible for the transmission of théines spacing, is directly evaluated at two
opposite boundaries (location pairs likeand?2 in Figure A.21). The corresponding valuésside the
domain are obtained through a linear interpolation. A similar procedure is followed for thewterm
responsible for the transmission of thelines spacing. The remaining terms, necessary for the
computations oP; andQ;, are evaluated directly in each inmede.

Figure 6.4 showthe effect of these control functions1 these meshes, Steger and Sorenson
control functions for mésclustering and orthogonalityere also employed.

(b)

Figure A.2171 Effect of thetransmission of theneshspacing into the inner domafarthogonality ananeshclustering is
alsoactivated) (a) without transmission(b) with transmission

A5.2.3 9§ Solution of the equations

For their solutionequationg5.5) are cast in the following form:

X=X tX BX &%

_ (5.16)
®Z=az taz 97 8z |
where:
a: =(9x)e ¢ 3 =(92)s ; & =(9u); ; 8 =(%u)s (5.17)
bxzzglz)S(z_‘]zaFg 'F&XX(Q qxz
(5.18)

b,=2g,z,-FR Bz (Q @ z,

In these equations, second derivatives are evaluated using central differences. First derivative
are evaluated using forward or kaard differences, depending on the sign of the corresponding
coefficient.Solution of these equations is carried out using a Point Successive Over Relaxation metho
(PSOR), where optimum relaxation parameter is computed at every node in the mesh fahewing
procedure proposed hrlich (1979) Control functions ar@entroducedonly after agiven number of
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iterations defined by the usesf(sectionB1.3.8. Steger and Sorenson control functions need heavy
underrelaxation at the beginning of the iterative process. The tnedexation factor starts at zero
(total undesrelaxation) and then mllowed to increase gradually (lessinderrelaxation) followingan
exponentiatype law.

A5.3 T 2D numerical generation of unstructured mesh in the inner
domain

The unstructured mesh generation metfcalled Paving Methodjmplemented inEasyCFD
closely folows the proposal described in detail in Blaker and Stephenson (199hk).a brief
overview of the procedure is given here. Please refer to Blaker and Stephenson (1991) for details.

Nodes coordinates are computed starting from the boundary nodes datribalready
computed as described &b.1. Thus,a pavingrow (row of nodes which is being compujestarts
from a boundary row (row whicles ina geometric boundary), by adding nodes to the previous row
(FigureA.22). The process continues until the whole domain is flledureA.23).

Boundary rows

LY J T IJTT T T T 7T 7T o7

L —

Figure A.2271 This geometry is composed by two boundary rasstesponding to the envelope amdraner block
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Figure A.237 Paving process

A5.3.1 d Row projection

Each row is generated by projecting each node from the previous row by an appropriate distanc
(projecting distance), in the appropriate direction. Depending on the local characteristic angle of the
previous rowfour types of projection may exisénd,side, corner and reversal.

Rowendprojection

In this case, each node in theagous row generates a single node in the new. rOme new
control volume(also called, in this context, a new elemestthus generatedlhree nodes in the
previous row are usddr the newelement This type of projection iappliedfor values of angley (cf.
FigureA.24) in the range:

g<180 - s (5.19)

/

0

k

%__

Figure A.247 Rowendprojection
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Row side projection

In this case, each node in thepous row generates a single node in the new, mmaresponding
to the generation obne newelement Only two nodes in the previous row are used for the new
element This type of projection is used for values of anglécf. FigureA.25) in the range:

180-5s, ¢g €80 % (5.20)

-0

Figure A.257 Row side projection
Rowcornerprojection

In this case, each node in theeyibus row generates threedes in the new row corresponding
to two newelements This type of projection is used for values of angle(cf. Figure A.26) in the
range:

180 +s5, <q 860 (5.21)

Figure A.267 Row corner projection
Rowreversalprojection

In this case, each node in theyibus row generates fonodes in the new row corresponding to
three newelements This type of projection is used for values of angle(cf. Figure A.27) in the
range:

360 -5, ¢g 360 (5.22)
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Figure A.277 Row reversal projectian
Default values ares, =55 ; s %60 ; s 50. By changing these value&f. section
B1.4.3, different types of row projections can be achieved for the same feStmre examples are

givenbelow.

(@) (b)
Figure A.281 Feature mapped a@) row end;s, =55’; (b) row side;s, =60

(b)

Figure A.297 Feature mapped a@) row side;s, =60"; (b) row corner;s, =50°

(@)

Figure A.301 Feature mapped a@) row corner;s, =60"; (b) row reversal;s, =60
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A5.3.2 d Seaming of rows

Seaming of a row is the process of closing a crack that may form in the pawnd crack
occurs when the pavimgw angleis very small (or even negativd)uring this procesgwo nodes are
combined into aisgle oneyresulting in an increasqehving row anglécf. FigureA.31).

Figure A.317 Seaming process for a small paving row angle

A5.3.3 d Intersection of two rows

When two rows intersect, the intersection pasncomputed and the closest nodes in each row
are combined to form a singiede. The remaining row is seamdelading to a single w. Figure
A.32 andFigureA.33 illustrate the process.

A5.3.4 o Self intersection of a row

Whenarow selfintersects, the intersection point is computed and the closest nodes are combinec
into a single one. The row is theeamed, generating two different row#is isillustrated inFigure
A.34.

i :'(' )&\ B
S
AT [l

Figure A.321 Intersection of two rows: general view
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Figure A.341 Self intersection of a row

A5.3.5 8 Control of mesh size

Mesh size should be kept between specified values. In what concerns projection distance, this |
done directly through the assignmaritthe projection valueProjectionvalue starts at the clustering
distance (cfB1.4.2 and is progressively increased as rows are build, through a constant expanding
factor(cf. B1.4.2), upto thespecified maximunfor the inner mesh sizef. B1.4.1).

Distances parallel to row direction are kept within certain limits through the insertion of tucks
ard wedgesas described next
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Minimum mesh spacing

Control of the minimum mesh spacing aspeciallyimportant for concave boundaries, where
mesh spacing tends to decrease as new rows are built. This is achieved thronsgrtibeof tucks.
Basically, inserting a tuck consists in combining two elements into a single one, as depiEtgure
A.35.

% W
S -
ST L
% :“‘3&‘:\‘3‘“‘“‘
R

(b)

Figure A.351 Controlling the minimum mesh size through the insertion of tUelswithout tucks; (a) with tucks
Maximum mesh spacing

Control of themaximummesh spacing is especially important for convex boundaries, where
mesh spacing tends to increase as new rows are built. This is achieved through the insertion of wedge
Inserting a wedge consists in inserting a new element at a certain location, seddejgigureA.36.
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(b)

Figure A.361 Controlling the maximum mesh size through itheertion é wedges; (a) without wedges;) (with wedges
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Bi Working with EasyCF D

Working with a problem goes through three major stages to be accom@edngehtially
0 Problem Definition
o Solver
0 PostProcessing

Each of these stagésdescribed next. In the following exposition, referentmeebjecs of the
graphical interface are made using itiaic.
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Bl i Problem Definition

B1.1 1 Brief Description of the Interface

Figure B.1 represents the graphical interface for th®blem
Definition. Several spatial regionsSpace} are identified, for easier
reference in the remaining tethe working stage is selectedSpacel. Each of these stages can only
be selected if the precedent stage was already completed.

Froblem Definition l Salver ] F'ust-F‘rocessing]

A - [EasyCFD_G - Problem Definition [
A Project Exit Help 8
2 <l Problem De[initionT Solver T PUS@ ]< Fluid : Air | SteadyState, Laminai)sulhelmal 1 2D y
ITe Geometry Mesh ¢ Physics ¢ Boundary conditions [ Calcula@s " Initialisation x 1270656 =z = 2.834476 dy = - dz =
— Geometry |
" D Axisymmetric ﬂ 4
|
Drawing ransforml Coni ctionsl + 1
|
Grid
2 =
il / -!' / v Shap !
V' Show

e fsl+]is]EN R Vg

Diizplay

r Alc

centerz

¥ Modes

Segm. B2 i}
] Segm. 4.2 90.0
Segm. 5.2 180.0
Segm. 4.2 2700 1 0 |

Arc 04442383 900
fre 04442883 2700

Ao 04442883 900 3 I
Arc 04442383 900 ! 11 Nz~

|
|
|
|
|
Block Elm. Type Length Incl. Arcingle |
|
|
|
|

N e L

. C:\Program Files\E azyCFD_GE 2ample uaer\ Cylinder. def

Define first point for line segment 7

Figure B.17 Graphical interface for theroblem Definition

A new prObIem (PrOJeCt) & @ Choose path and name fo:he praject . E@ﬂ‘
can be started by clickinBroject || suject et Hep

i New(this will erase any loaded| M S =
project). If there is no loaded ... e SEC
Project, you can simply choose . ndceRariive
Save Ado assign a name to the ** NWIEC“:Cd =
current Project rnereh =T B
Import Geometry ’

When creating a Project, it epor s . Propetnane: Brnplse

will be saved in a folder with RecentProjects > o | o

name similar to the project’s namié.the does not
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exist, a newone isautomaticallycreated. The following files are created in the project folder (taking,
as example, the nant&ampleCase

o0 ExampleCaseef file containing all the necessary information for the solver

0 ExampleCaseST.res or ExampleCaseTR.Rks:with the calculation resultdor steady
state and for transient problems, respectivélys file, along with theexampleCase.ddie,
contains all the necessary information for the fpretessing of the relis.

For transient problems, intermediate results are stored in the Tolaes in files namedrlrl.res
Tr2.res etc

Other files and folders createtliring thePostProcessingare described in sectisi33.9 and
B3.10

To loada previousProject choosd.oad, or Recent Projects

@ - [EasyCFD_G - Problem Definition] s

i . Project | Exit Help
fOI' a ||St Of the 6 mOSt [Eﬂt prOJ&‘tS MNew 5 olver T Fost-Process
Load
The loadedproject name is displayed Bpace Jcf. Figure Losd Resuts ‘
Bl . Save & wisyrnmnetric =
) Save As ections l :‘
After loading a project, you may also load previous S 3‘ Giid
. ¥ Snal
computed results, either to pgsiocess them or, for example, {|  mpor an ¥ Shon
start or continue a transient simulation from the present rey| Recentprojects > CiProgram Files\EasyCH
. . . . . . PNT . z = ° C:\Program Files\EasyCFl
(this functionality is alsoavailable in the Initialization of S Pl et
Variables; cf. sectiof). %: [310 Ci\testeltestel.def
. . Z: 1240 & Cih\Users\amglh\Dropbox,
The Option-Buttonsshownbelow list the several phases fo o | Ci\Users\amgl\Desktop

defining aproblem Space 3 Space Scontains controls specific
for each phase

" Physice ¢ Boundary conditions (" Calculation parameters ¢ Initialization

Space 6s the visuakationinterface.

Spacer displays information messagasd tipsas necessary.

Space &resents a brief summary thie problem physics.

Space Qisplaysthe coadinates at the cursor locatiand distances from the previous location

Space l@lisplays a rule with a reference length.

Space llcontains several tools for visusdition control, as Zeom: [150 =] _®| B[4 y

described next.
The tools for thevisualisationcontrol are:
ﬂ When the user clicks on thaésualisationarea, azoom ird is made with the factor specified
in Zoom There are two ways of doing the zoom: a) if #ieftkey is not pressed, the images

will be centredin the click point; b) if theShift key is pressedthe click point remains
unchanged.
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\ﬁ‘ A fizoom oub is made with the factor specified oom when the user clicks on the
visualisationarea. TheShiftkeyworks in a similar way agreviously described.

=
\_-" fizoom irp for the rectangularegion selected by éhuser(usage: click on a diagonal side and
then click on the opposite corner of the diagpnal

\i‘ Pan the visuadationarea (usage: click on a location and then, keeping the mouse button
pressed, drag the mouse). Note: the same functionality is achieved by pressing the mous
middle button, independently of the selected zooming tool).

H Fits the whole geometip thevisudisationarea

The visualsationcontrol tools are deselected with the mouse right button.

You may obtainadditionalinformation about eacbontrolor command = ’7;' -1
by letting the mouse pointer for some time over the object (a small te> . .
y letting poirter & oot (|| oo
displayed near theucsor, cf. at right). L

i

B1.2 i Geometr y Definition

B1.2.1 6 Choosing 2D or 3D axigmmetric problems

The type of problem may be chosen between 2D and ¢ 20 & 3D Asisymmetic [z -
Axisymmetric. For the later option, tleisymmetry axis may be the Trarstom| Cornections |
X or the z axis and the geometry must be defined in ... -
corresponding positive area (for examplez i§ the axisymmetry axis, the geometry must be defined
for x > 0).

N
by

B1.2.2 6 Drawing Aids

Grid

Dimension units areneters Angles are gign indegrees vl Snap
v Show

The geometry may be composed by two types of geometric elemdants: | sie:
Segmentsand Arcs. Two contiguous geometric elements are connected by a georr| 8.0
Node

o To help drawing, thé&nap feature may be activated. This enfaredl selected locations to
snap to thalrawing grid (cf. FigureB.2). The drawing grid visibility may be turned on or
off (checkbuttonShow. Its Szeis also adjustable.

¥ Snapto node

o Drawing locations may be forced to snap to existing geometric riStep to

node.
Locks
Ang |29 v
o Distances and/aainglesmay be locked to help drawing. L:[10 v
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Instead of clicking on the drawing interface to define a location, ‘gz, ..

correspondingoordinates may be entered by keyba&@rdta Inpuy. i- | T

Z: oo
o By holding down the Shift key, angles are enforced to 45° increments. oK,

Diizplay

Arc
centers

o Displayof Arc centresand geometritéNodesmay be swiched on or off. g
W odes

0 A white arrow cursor indicates that no tool is selec(eefault state). This state is B
recovered by clicking the mouse rigtind button.

0 A black arrow cursor indicates that, based on the selected drawing tool, you st K Id
pick ageometric element.

0 A cross cursor indicates that, based on the selected drévahgou should select € _I_
geometric location.

0 To delete a geometric element, select it by clicking over the elemieking the elemen)
and press th®eletekey on the keyboard. Several geometric elements may be selected at
once by dragging the cursdpeleting is allowed only if the cursor is in the default state
(white arrow).

Figure B.2 i Drawing grid (gray lines) and coordinates axis (red lines).

B1.2.3 d Drawing Tools

A set of drawing tools is availabl® draw line segments and 8rC Drawing | Transtorn| Connectio

using several techniques ’7 of o
A = |f 7 I:I|
A ¢ ~
’7_ Tool: DrawLine {ﬁ C O
||| | s

Draws a line betweetwo locations
Usage 11 specifyseveral locations to draw several consecutive line segmel / _|_

Mouse right click to finish.

- /
I‘T. Tool:Move node

Moves theselected geometric node



Usage 171 pick the desired nog@ 1 specifyits final location.

Nodesassociateto ars cannot be movedvouse right click to cancel at any of the stages.

J’/ . Tool Extendup to intersection
Extendstwo line segmentsip totheir intersection.

Usage 17 pick one line segment;i2pick another line segment;i3 r"'( 3
pick, again, the second line segment to confirm.

Mouse right click to cancel at any of the stages.

JI:I Toot Draw rectangle

Draws4 line segmentfrming an horizontal rectangle

Usage 17 select one location for one side of the diagpg@ail select a second —|—
location for the opposite side of the diagonal

Mouse right click to cancelt any of the stages.

’F. Toot Draw arc by 3 points
Draws an arc thatgsses through 3 locatians

Usage 1T select one location for the arc beginning;i 2select a second —|—
location;3 71 select a location for the arc end.

Mouse right click to cancel at any of the stages.

I*C . Tool Draw arc bycentre and angle

Draws an arc given itsentre one endand thearc angle.

Usage 17 select thecentrelocation; 21 select the arc beging; +
31 drag the mouse to define the arc angle and left click
draw.

Mouse right click to cancel at any of the stages.
.”--qu
** Toot Draw circle _I_
Drawscircle with a given radiusThe circle is composed by four arcs
Usage 17 select the centre locationj Zefine the radius, dragging the mous
37 click to finish

Mouse right click to cancel at any of the stages.
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I,-? . Tool Draw arcby tangent to 2 line segments

Draws an aravith a given radius, tangent toc®nsecutiveine segmentsThe s 1201
arcRadiusmust be specified in the correspondirextBox s

Usage 171 pick one line segmen® i pick another line segment, consecutiv-
to thefirst one 31 pick, again, the second line segment to confirm

Mouse right click to cancel at any of the stages.

Im'.Toot Draw arcbetween segments

Draws an arc with a given radiusentredin the intersection of two consecutivi ¢, .. Gz
line segmentsThe arcRadiusmust be specified in the correspondirextBox

Usage 1 i pick one line segment; 2 pick another line segment
consecutive to the first one; B pick, again, the second line 3
segment to confirm.

Mouse right click to cancel at any of the stagBse arc is generated
counterclockwise from the first to the second line segment. Tht
inverting the picking order generates the complementarycérat(right). R

J " Toot Draw arc tangent to segment
Draws an arc tangent to a segment end.

Usage 17 pick a free node at the end of a line segmeints@lect the end ‘|‘
location for the arc.

Mouse right click to cancel at any of the stages.

’7_ Tool Break geometric element

Breaks a geometric element (either a line segnanarcor a spling, by —|— /{
inserting a node at the selected location.

Usage 17 pick a geometric element;i2select the location for breaking the element.

Mouse right click to cancel at any of the stages.

]"ﬁ Tool Break at intersection

Breaks two geometric elements at thetersection. The geometric elements may be, either, t
line segments, two arcs or an arc and a line segifighe elements intersect at two locations, a
second operation must be carried out for the second intersection.

Usage 171 pick a geometric eiment; 2i pick another geometric
element. (_\‘ Ly
X '
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Mouse right click to cancel at any of the stages

s

Drawsa cubic spline through specified locations (fit points)

. Tool: Draw spline

Usage 17 specify several locations for the fit points.

Mouse right click tdinish
>

Tool: Create spline from end points

Creates &pline taking as input the end point of selected elements

Usage 17 select elements;2press the button and confirm to create the spline.

B1.2.4 8 TransformTools

Drawing T

Transformtools allow éther movng or creaing a copy ofexisting
geometric elementd.he operation is applied(tton Apply) only to the -
. I R . PEratan -
selected elements. There is the possibilityPreviewthe results (in - [Famion =] angem: 15

* Copy " Move

gray, in the examples ofigure B.3, Figure B.4 andFigure B.5) before  ratate abou: Fiotation Centre
carrying out the transformation. Selected cerve 7] | . [g
Z: |0
Selectable operations are: . I Pick
Rotate about

Rotation a rotation is performed for the n|...
specified Anglg°] about a Selectedcentre or about [individual centres
the Individual centres If Selectedcentreis chosen,
all selected geometric elements are rotated about the same lochtiBigire B.3(a)). The Rotation
Centrelocation may be defined by aming the corresponding coordinatéandZ, or by picking with
the mouse (enabled onlyHfck is checked)If Individual Centresis chosen all selected elements are
rotated about each individucentre(cf. FigureB.3(b)).

Preview Apply ‘

(@) (b)
Figure B.3 i Rotation. (a) about a selecteentre (b) about individuatentres

Translation needed data are therizontal Dx [m]) and vertical Dz Aperstion:

[m]) displacementgcf. Figure B.4). et EE:; |—1D
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Figure B.47 Translation

Scale this tool applies &calefactor to the selected elemenifsthe  gperaion:

scale factor is larger tham, the elements size will be increased. TIEE scaeb: [T
) i Scale shout Scale Centre
select_ed elements remamentreqlln the.SeIecteo.antre oo sbout e
(cf. Figure B.5(a)) or, alternatively, in thelndividual T
Centreg(cf. FigureB.5(b)). A ——
S AR A AeamamEE NN EEEEEEEEEEEEEEAR EEaRRREaE: -
(@) (b)

Figure B.5 T Scale. (a) about a selecteghtre (b) about individuatentres

OffSet this tool applies aperpendiculartranslation to the selecte(# cow ¢ bove
elements in both directienwith the chosei®ffsetdistance. This is a very Gesatin:
. . . . = - st m] ;|02
convenient tool for drawing pipes, for instance. — et

Operation :

Figure B.6 1 Offset Mo =]
Mirror : this tool applies anirror operatiorto the selected elementsbout  Minor sbout
the selected axis. Vertical aris (+=0) x|

Figure B.7 i Mirror.
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B1.2.5 8 Connectionsfor U-Type and GType meshes
Cf. example filesSNACA2412_UMesh.deindC-TypeMesh.def

For calculations around certain types of objects, such as airfoils, a good solution i€ yyse
or U-Type structuredmeshes. In theseases, the physical domain folds over itself, leading to a
coincidence of some geometetementycf. Figure B.8(a)). Since there are four geometric elements
that share a comon punctual locatio(cf. FigureB.8(b)), the connection ambiguityug be solved by
properly specifying the actual connections.

8

Coincident lineg

<>6 . / Connection ambiguities
, 3 / \
2

D

(@) (b)

Figure B.8 i Geometry for a Ul'ype or GType Mesh (a): In this representation, coincident liBesd 7are show moved
apart, for a better visualization; (b) Identification of connection ambiguities.

Drawing] Transform Connectionsl

Block Elml  Elm2

1] 7 g Connect
Delete

Figure B.9 1 Defining connections.

Referring toFigureB.8(a), one possibility would be to specify the connection between etemen
6 and 7, and another connection between elements 7 and 8. Another possibility would be to take tt
pair 43 and 32, or even 6/ and 32. This is accomplished by selecting the corresponding elements
(pressing down the shift key to be able to pick mdwntone element) and clicking on the button
Connect(cf. FigureB.9). Every time a new connection is created, the elements constituting the pair are
added to theListBox To delete a connection, select it on ti&Boxand pres®elete

B1.2.6 0 Closed and openblocks; other general drawing concepts
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The calculation domain is externally delimited by thevelope The envelope is &losed
boundary(or closed bodyxonstituted byone set ofinterconnectedine segments and/or arcs. Inside
the envelopegne or morélocks may exist

There are two types of blocks:

0 Closedblocks: Similarly to the envelopeglosedblocks are defined by alosedset of
geometric elements.

0 Openblocks: by default, an opeblock constitutes a region pervious to the flow and heat
transfer. These entities can be used to create thin plates (cf. #ti@h0, to provide a
better control for mesh characteristmsto impose velocity values inside the fluid domain
(cf. sectionB1.6.6).

Figure B.10 i Envelope (closed block, in gray), closed inner block (in yellow) and anldpek (in blue)

A new block is created sinpby pressing the buttoNew Blocks
v| Envelope M
The ListBox showing the existing blocks allows you to choose whi : -

blocks are visible (checked items). Thetive block (i.e., the block that Transfer
receives the drawing elements) is selected in blue and the correspoiicing

geometric elements are shown in blue. The geometric elerasswsiated withhe remaining blocks
aredisplayedin gray.

The Transferbutton allows you to trafer the selected elements into the active block.

Different blocks cannot intersect but they gaartially overlap.Figure B.11(a) shows 3 blocks
inside each other-igure B.11(b) shows 2 blocks that partially overlap. The coincident line segments
in this case must share the same ending points. Ta@ansnthat, in the case shown, the bottom
boundary of the larger block (the envelope) should be constituted by 3 line segments, so that th
middle segment is coincident with the bottom boundary of the internal blsdkis is notdone
EasyCHD will breakthe line segments at the necessary location, before changingMeshengmenu
(cf. sectionB1.2.9.
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@ -

Figure B.11 i Different arrangements for blocks

- (b)

The Overall precisionrepresents the minimum distance belo Overall precision [m]: |0.0001

which two locations are considered as coincident.

The ListBoxshown at right displays all the geometric elemeteic em Twpe  Lenath  Inclitrcange
in the projectand some of their characteristicBoubleclicking one | § 3 32r 0R0E S0
item in this ListBox opens aDialog-Box with detailed information 13 ;f SE?EF"' 110?3:1;5%% :1;?3?35138
about geometry and mesfithe selected elemerdas shown irFigure D3 g 0ZEm o Mew
B.12 (mesh informatioris displayed only if meshg data is already| ; { Z=n 1780 124

1 E Segm.  0.E32456 20843

available).The same functionality is achieved if you doubliek over
the element, on the drawkgpace.By checkingEdit elementthe geometric characteristics of line
segments and arcs can be modified.

Note: the order of the elements in this listing reflects the sequence of their generation. When the
Meshmode is open, the elements are reordered according to the block to which they belong and t
their connection sequence.

@ Element Details [&J @ Element Details [&J
Block : 0 Element : 1 Global order : 1 Block : 0 Element : 2 Glaobal arder : 2
Geametry Mesh Geamnetry Meszh
e Segmerd Information not available for this bR Information not available for this
Al [m]: 23 eleme o1 [m]: 0.8 elamel
z1 [m]:-0.7 21 [m]: 0.8
#2 [m]:-0.9 #2[m]: 0.5
22 [m]: 0.4 22[m]: 1.0
Length [m] : 1.780449 Length [m] : 1.495451
Inclination [%]: 38.157227 Radiuz [m]: 0.863123
# Centre [m] : -0.065
z Centre [m] ; 0.3475
Angle 1[%): 49.110893
Angle 2[%): 148381625
Tot. Angle [7]: 99.270339
Edit Segment Edit Arc
&+ End points " Length and inclination % Centre [m] : [0.085 Angle 112): [45.110693
v
1 [m]: |-23 Length [m] - [1 7e0449 z Centre [m]: [0,3475 Angle 2[7]: [148.381625
Aml: |07 Inclination [m] : [35157227 Tal Angle [¥]: |99.270933
#2[m]: o9 Apply
2[ml: o4 “pely
(a) L (b)

Figure B.12 i Detailed information fom geometric elemern(ho mesh information is availablahd editing parameters
(a) data for line segment; (b) data for arc
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B1.2.7 & Importing DXF data

@ - [EasyCFD_G - Problem Definition] NN

EasyCHD may import geometric data fromDXF file (cf.

Project | Exit Help

menu at the right). Allowed elementfor import are line New EE
i Load
segments, arcs and circles. N
Save As |
Import v D data
Recent Projects » Point data %

=

[l | AL L i

The menu show at right is displayed after specifying the file
to import data from.

DXF Settings

If the DXF file has 3D information, you must specify whi
coordinates are to be importednport from): xy plane or xz plane
TheLength unitdn the DFX file must also bsupplied

File Data

This provides informatioabout the data: total number for eac
element type andandzrange.

EasyCm Settings

Eachcircle must be sgliinto 2 arcs. The angle for the spli
location must be specified.

Mesh nodes per elemergpresents the initial information fou
the meshing process.

Geometry
Irnpart DF

File : T:AE xamplehE xample. dxf

Di<F Settings

Import from : | xy plane ¥
Length urits :  |Meters =

File Data

Segments: 4
Arcg: 0

Fange = [m] : -0.3468 to 1.0344
Fange £ [m]: -0.4149 to 1.1265

EasyCFD_G Settings

Split circles at [7]: |0-180 -

Active Block :

—

Preview

Mesh nodes
per element : 2

Fit wigw to hew
elements

Import D ata Cancel |

If checked, thd-it view to new elemene&nforces the view to fit
into the new elemds after importing.

B1.2.8 6 Importing data from Point Data Fle

Ea.SyCFD may . import 4 - [EasyCFD_G - Problem Definition] iy
geometric data froma Point Data [Frojee) it Help

File (cf. Menu at the right)This file New Bober | PostPo
is a text file (ASCII file cf. Figure | = e

B.13) containing the coordinates 0  saveas [

2 or more spatial locations. Eac| mper | Difdata

line represents one point, with tke
and z coordinate in the first and in
the second column, respectivelach pair 6 points will be connected
by a line segmenafterimporting into EasyCHD.

. Point data
3
Recent Projects = %_ﬁ

Setting and information in the Import menu are similar to the

corresponding ones in the DXF file import described previously.

Impart Pairt Data-

File: . wemplos\NACAZA1 2 UMesh\MACAZ41Z dat

File5 ettings

Length units :  |Meters =
File D ata

Segments ; 48

Range # [m]: 0.0 to 1.00008
Range £ [m] : -0.04233 to 007321

EasyCFD_G Settings

Generate : |Line segments w
Active Block :
Mesh nodes
per element : 2
v Fit wigw ta new

elements

Preview

Import Data Cancel ‘
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| Naca2412.dat - Notepad SRR

[ File Edit Format View Help

0
0.01

0.025

0.05

4

0

0.018024574
0.028569074
0.040234357

Figure B.13 i Point data file. This example would produce 3 line segments

B1.2.9 & Final autoverification before meshing

When the geometry is ready, the next step is to generate the WiBsh. & Geomety © Mesh
choosing theMeshmode (by pressiniyleshat the optiorbutton shown at rightq - secmem
general checkup is performed to the geometry, to detect for .erdditionally, the geometric
elements are reorderddflany error is detectedcasyCHD jumps back th&seometrymode.Next table
lists some of the eors that may be detected.

Table 17 Error Messages

# Example of Error Message

Description

Error

===

I:Q:I All the elements in the envelope must be intercennected

The envelopemust be formed by

closed set of geometric elements.
you define a new set and don’t ass
it to a new block, some elemer
appear to balisconnecteddf. Figure
B.14).

A similar message is displayed
within a block, one element is n
connected to any other.

EasyCFD_G

[

The envelope must contain, at least, 4 elements,

b

The message is self explanatory. &
if the envelopeshould representfor
instance, aclosed circumference,
must be split it into four arcgcf.
FigureB.15).

EasyCFD_G

S

Coincident lines between two blocks must share the same ending points. The
elements are highlighted. Do you want to try an automatic correction?

Mo

If two blocks share one edge or part
one edge, thecoincidence between
elements must be totalcf( Figure
B.16). If you didn't break the
necessary elementsasyCFHD can do
this for you at this stage.
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e &) | Three or more geometric elemen

o , , within the same block share
& Connections with the red element are wrong, leading to nodes with 3 or i
4 S more connected elements common edgécf F|gure Bl?)

[eascro ]| Some blocks intersect each othef.

FigureB.18).

l L There are blocks that intersect each other.

5
= =] Some blocks are ot the envelope
(cf. FigureB.19).
6 IQI There are blocks outside the domain.

Blocks Dizplay

L3 A
New s
r centers
Transfer I Modes

Block Elm. Type Length Incl. Adrcingle

Segm. 1.3 0.0 — Lt ¢ T Tt L b ¥ 1 o 1 — -
Segm. 1.1 0.0
Segm. 1.3 180.0
Segm. 1.1 270,0

Arc 0.350111 £3.43
Arc 0541601 9812
Ao 0598476 108,43
Arc 0496732 -270.0

ocoooooDo o
00 = 00O L0 P =

Figure B.14 7 Example of situation for Error Message (¢1. Table 1). There are two different closed bodies sharing the
same block (block 0: the envelope). Solution: Transfer all the circle elements into Block 1.

Blocks Dizplay

v A
MHew iz
r centers
Transfer I Modes

Block Elm.  Type Lenath Incl./ArcAngle

i 1 Segm. 2906988 206.57
0 2 Segm. 35 0o
i 3 Segm. 1581139 1247 B

Figure B.15 i Example of situation for Error Message @2 Table 1). Thesnvelope is composed byly 3 elements.
Solution: break at least one of the line segments of the triangle.
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(a) The envelope (b) Block 1 (c) The whole geometry

Figure B.16 7 Example of situation for Error Message (¢f. Table 1).The lower edge of the envelope must be broken at
two pointsto obtain aotal overlapping between the coincident elements.

% ‘-I Connections with the red element are wrong, leading to nodes with 3 or
@7 more connected elements

Figure B.17 7 Example of situation for Error Message (@f Table 1). Thre®r moreline segments share a common
edge.In this case, this should be corrected by specifying the proper connectiGesticihB1.2.5.

Blocks Display
| Envelope Mew Ao

| Block 1 centers T T

Transfer v Nodes

H

Block Elm. Type Length Incl AArctngle
0 1 Segm. 1.4 0.n -
0 2 Segm. 1.1 30,0
0 3 Segm. 1.4 180.0
0 4 Segm. 1.1 270.0
1 1 Segm. 05 0.0 E - -
1 2 Segm. 0.4 30,0
1 3 Segm. 05 180.0
1 4 Segm. 0.4 270.0
2 1 Segm. 0.4 180.0
2 2 Segm. 0.4 270.0 &

Figure B.18 i Example of situation for Error Message @5 Table 1).Blocks 1 and 2 intersect each other
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Blocks Dizplay

| Ervvelope Mew e

MalElock 1 centers T T
Block Elm.  Type Length Incl fAarcangle

i} 1 Segm. 1.1 0.n

i} 2 Segm. 1.1 30,0

i} 3 Segm. 1.1 180.0

i} 4 Segm. 1.1 2700

1 1 Segm. 04 0.0

1 2 Segm. 05 2700

1 3 Segm. 04 180,0

1 4 Segm. 05 90,0

Figure B.19 i Example of situation for Error Message (f. Table 1).Block 1 is outside the envelope

B1.3 i Mesh Generation : Structured type

By pressing theéOptionButton MeshEasyCFD enters the auto ¢ Geomety & Mesh

verification described in the precedent section. If N0 errors es
found, an initialequally spaced meshk assignedo the boundary
elements. The mesh spacing is automatically adjusted so ¢
achieve approximately 160 mesh nodes over #revelope
perimeter. This is a low resolution mesh with the only purpost
initialize the mesh generation process.

* Stuctured " UnStructured

Elements | Blocks | CF's| Conw. /Mesh Quaty |
Boundary Modes ] M. Clustering ] Comp. Map ]

E oundary nodes distribution

Method : | Uniform -
(* Target number of nodes -
As an example, let’'s considéhe geometry displayed in © Teostnedes spacingml: =
Figure B.20. You may have noticed that, when selecting Apply
element, each of its two geometric nodes (element sidesligey
arecoloured differently as a means of identifying each side: orar
for side 1 and light blue for side 2.

Change rezolution

Change factar : | 2 - Apply

Block Elm. Type Diection Location Modes

When selectingBoundary nodesor | Visuaization 0 oo Mol 17 e
Mesh in the Visualisation frame ¢f. at | 2 : g Hooo High 17
right), the corresponding visualtiors are e e Lew 17
obtained a depicted irFigure B.21 and Figure B.22. If the mesh IS | nodes: ri=26: nk =26 Tatal 161
not yet computed(like in the example ofFigure B.22), the | = Fomeuisionaidonan dosed

m

[T

1]
1]
1
1

Arc Wert, Lo 17 &
Vizualization Werify

displayed mesh corresponds to thitial solution, where thénner || eoundaynodes & Mesh
mesh nodeslistributionis obtained byinear interpolation from the |
boundares.

0 Stop

7

Figure B.20 i Geometry for example.
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Figure B.21 i Display of boundary mesh nodes.

1

e
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Figure B.22 i Geometry of initial mes{inear interpolation from boundaries)

B1.3.1 6 Computational Domain; Conceptof Computational Direction

As described in sectiorA2, the computational domain represents the indexation of the
bidimensional arrays that store the variables. It may be regarded as a representation of mesh noc
taking a unitary spacing and pect perpendicularity between the mesh lines. The physical domain is
obtained by properly deforming the computational donfamd viceversa) The location of each mesh
node in the computational domasgiven by their computational coordinates Z), which represent
the (, k) indexation of the storing arrays in the computer implementation. The computakiomain
is displayed at the top left of the physical domain representatsoshown ifrigureB.23.

The size of the window representing the computatio 755 =
domain can be changed by pressing the bufiorsd @& n d
show in the right. The labeis andk: display the indexation at
the cursor location.

Computational Domain

Project Bt Help
Problem DelinilinnT Solver T Paost-Pracessing W Fluid : Air | Regime : SteadyState. Turbulent. Isothermal x=-1.193423 z =-0.728269 dx = - dz = —

€ Geomely & Mesh (" Physics (" Boundawycondtions ¢ Caloulation parameters ¢ Initalisation

Mesh =~ &- Computaioral Doman
Elements | Blocks | ControlFunc. | Convergence |
———
~
Boundayy Nodes| N. Clustering  Comp. Map | - ~
7 ~
7 N
y
I Diegtion I Location 1 S
Horzorta Low / \
Apply l ’
N /
~ '
e ~ .
= Aoy ~ -
Change factor:[15 N ="
Block Ein. Type Diection Location Nodes
0 1  Seqm Hor. Low 26
0 3 Seam Ho Low 13
0 4 Segn Vet Hgh 13
0 5 Seam Ho Hoh 56
€ Segm Vet Low 13 T

Vi

i
I Boundarynodes [~ Mesh M

[

Figure B.23 i User interface, showing the computational donmapresentatian
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In the computational domain, the boundaries may be horiz{ogagalespondingo x lines with
constantk index), identified through the blueolour, both in the computational and in the physical
representationpr vertical(z lines), identified through the greeolour, both in the computational and
in the physical representation.

You should note that there is naty directrelation between the horizontality (or verticality) in
the computational and in the physical domaiigure B.24 highlights some elements of asbape
geometry, showing the relation between the computational and the physical donfiaa, this is not
the only solution for this problensf. SectionB1.3.4.

=+ - [ Computational Domain

[CTT - E= Computational Diomain B ki Computational Domain

BN [ Computational Damain

Figure B.24 i Example of correspondence between the computational and physical representation for several elements ir
a Gshaped geometry.
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B1.3.2 8 Mesh distribution on the boundaries(Elements- Boundary Nodes tab)

The 1D mesh distribution on the boundaries is computed With  soundaynodes | w. Custering | comp. pap |
algorithm described in sectigkb.1. Controlsfor 1D mesh generatioare
available under thBoundary Nodetab, as shown at the right. Method: [Unfom ]

i i ethod @ | Uriform - {* Target number of nodes :
When choosmgUn_lfor_m for Fhe Method an  Metod: [unit FTarzetmdesspacmlm]: ER—
equdly spaced mesh distribution iadoptedfor the
selected elementdn this case, gu may either impose the number ¢ __**
nodes or th@odesspacing.

When choosingSpecify for the Method you may impose the EoundsyNodes | . custaing | com ep
spacing at each of the elements ends (side 1 or sidehZh are  feunday nodes defibuion
identified with differentcolous). The number of nodedN( nodey and  Method:|Spesiy =
Decay(exponentc, in equation(5.2)) can also be chosen in this part ( & spacing 1@ ™ Nnodes
the interface (refer to sectioh5.1 for a description of the 1D mest P& [ &k
generation method). Only the values withchecked mark in the 22 =
associate@CheclBox are appliedbuttonApply) to the selectedlements.
By checkingUpdate neighborsthe selected spacin@gacingl Spacing2or both) are transmitted to
the neighbor elements, provided they possess the same computational direck@u(eB.25). This
is a useful tool to avoid sudden changes in the mesh spacing.

Figure B.25 i Transmission of mesh spacing to the neighbour elenfienttsis case, yellow element rigatigespacing
was transmitted to thleft edge of thévlue elemenbn the righ}.

B1.3.3 0 Nodes clustering(Elementsd N. Clustering tab)

. . i Boundany Modes M. Clustering Comp.h-'lap]
The clustering distance represents the normal distance of

mesh nodes to the adjacé@tundary (s parameter in equatiofb.10)
). The NormalClustering CheckButtormllows you to activate or
deactivate the Steger and Swen control functions for clustering an
orthogonality at the boundariesf.( SectionA5.2.1) for each of the Apply
selected geometric element (for each of the dected boundaries).

[v Mormal Clustering

Type : [N ~| Value: |0.041453

When selectingAuto for Type the clustering distance will be

Type : | Auto -
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consideredas a weighted average between the boundary nodes spacing of the two perpendicular
neighbourelementgnote: this perpendicularity concept referrers to ¢cbmputational domajrthese
elements will be referred to @@mputationally perpendicular neighbour elementg, or taking the
imposed mesh clustering of the closest element with the same computational difexttanify, let’s
examineFigureB.26. The yellow element has an imposed mesh clustering. Its neighbour elements, in
blue, show a clustering that is a weighted average between the yellow element clustering and eac
computationally perpendicular element (vertical boundaries).
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Figure B.26 i Example for the clusteringpmputation

As a second examplegpnsider the case depictedHigureB.27. The mesh clustering at the lower

boundary gelected elementdisplayed inyellow) is computed aa weighted averagebetween the
mesh spacing at lower edge of each of the two vertical boundageand Ds, ).

[

T

L]

|
[

L ITT]

|

1
]

]
Y|

o S B i JERRRRRERER “)

> -
1 g
| _ AN
y = ! \
1 1
f\ 1 'DSZ
1 \ \ 1
7

- Ny

Dsll

\

Figure B.27 1 DistancesDs, and Ds, for computational of the automatic clustering distance

Note: both Ds, and Ds, are taken as the values obtained from the projection along the normal to
the boundaryFigureB.28 exemplifies this concept.
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D=3

Figure B.28 i Definition of Ds, distance

The Auto Typealso works if the perpendicular edges are oriented in the opposite direagion
explained next

Consider the case for the smalihFigureR27 dfthgul a
clustering distanceeeds to be redudeising theAuto Type one mustecreaséhe mesh spacing at the
edges of the computationally perpendicular line segments, as exemplifiggire B.29.

T -

B D N

sSEEs
Figure B.29 1 Automatic clustering. Th&s, and Ds, values will reflect on the mesh clustering of the central region of
the lower edge.

. When sellecting.Spec. for ‘Typle, th(? specified clusterihgwpe: Spee | value: [00ddaa
distanceValueis consideredln situations like the one exemplifiea
above Figure B.29), this allows imposingthe mesh clusteringalue without changingthe mesh
spacingonthe computationally perpendiculaeighbourelementgcf. Figure B.30).

However, in the opposite situatione., when the computationally perpendiculagighbour
elements are in the inner domain region (like the situation depicteéduneB.27), mesh spacing®s,

and/or Ds,may conflict with the imposed clustering value, potentiallystag divergence of the

iterative calculation when generating the meBlgure B.31 shows an example, where the mesh
clustering imposed at the lower boundary (in yellow) is 1/6 of the mesh spacing of one of the
computationally perpendiculaneighbourelemens. In this casea warning message is displaying,
alerting for this situationcf. Figure B.32) and the conflicting elements are highlighted in red and
magenta.

EasyCm - 75



AT -
peg A NNg g EANNAN T
fecE e e
e e N T gunEsy
e NN H
e SR A

e N T

s \yirasasugnant

'.' ‘.f HEEE L S o

Figure B.31 i Situation where an imposed mesh clusterimmpislicting with the mesh spacing of one of the
computationally perpendiculaeighbourelements.

r 5
EasyCFD_G LJ

The imposed clustering distance of the magenta highlighted element is different
from the mesh spacing of the neighbour red highlighted element.

This may lead to a divergence in the numerical grid generation process.

Do you wish to proceed?

Yes | Mo

Figure B.32 i Situation where an imposed mesh clusteringpidlicting with the mesh spacing of one of the
computationally perpendiculareighbourelements.
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B1.3.4 8 More on the Computational Domain. The Comp. Map Tab

Each geometric element has an associ@@uahputational Direction (horizontal or vertical, as
described in sectioB1.3.1) and & associatedComputational Location, which may beHigh or Low.
An element has a low location iip the computational domairthe direction perpendicular to the
element encounters higher values of the computational coordinate. The reverse situation occurs f
elements with a high locatior-igure B.33 up to Figure B.36 exemplify all combinations of
computational directiosiand computational locatisnOnce again, note that these concepts are defined
in the Computational Domain (not in the Physical Domain).

[+ i~ (= Computational Domain

I I I I

Computational Domain Physical Domain

Figure B.33 i Highlighted elements are: Computational Directibiorizontal; Computational Locatior:ow.

=+ P~ k- Computational Domain

Computational Domain Physical Domain

Figure B.34 i Highlighted elements are: Computational Directibiorizontal; Computational Locatiortigh.

=+ 0~ k- Computational Domain

Shh

P I

Y

DY

I
UV

)

LAY
RN

LS
N
T

G

o

S
1
I

N I O I
A I I I I I

o

E=

Computational Domain Physical Domain

Figure B.35 i Highlighted elements are: Computational Directigertical ; Computational Locatiorn:ow.
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jﬂ [ ko Computational Domain

I I I

A A I A

T

Il
I \l\th\t\tItll\t'.'l'.l

Computational Domain Physical Domain

Figure B.36 i Highlighted elements are: Computational Directigertical ; Computational Locatiortigh.

The elements computational characteristi@ggction andLocatior) are automaticallyassigned
for new elements, when starting the Mesh module. As first approach, the computational direction is
assigned based on the dstphysical direction (horizontal or vertical). For arcs, the physical direction
is taken as the direction of the linegagent connecting the amdges In many cases, this initial
attribution must be correctedanually using th€omp. Math. Tab

The Comp. MapTaballows you to change the computation: gaundai Modes| N. Clusteing |
characteristics (direction analcation) of the selected elements.

Cormputational mapping

The examples shown previousixhibit the default settings, Law High
which were adequate for this problem. Actually, the sensie Horsartal =
part at the bottom boundary could have been considered differe —
An alternative solution would be to split the sericle into three
parts, considering two parts as a vertical boundang one part

(the middle one) as horizontalf( FigureB.37).

Yertical

(40— [ Computational Domain

I O A

I I I I

Computational Domain PhysicalDomain

Figure B.37 i Alternative solutiorfor meshing a hal€ylinder.
FigureB.38 shows another example of two possible solutions for the same problem.

As previously referred, the default attribution for computational directions and locations is not
always satisfactory angometimes, errors may even arise. Condidgure B.39. In this situation, all
geometric elements are identified as vertical (the start and end pbtie arcs are aligned vertically),
so, as initial attribution, all elements will be computationally vertical. This will raise an error message,
since, at least, two computationally horizontal elements must exist. In this case, the correction shoul
bedone manually in th€omp. Map Tab
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Figure B.38 i Two solutions for the same problem

==

DG

| EasyCF

Figure B.39 i Two solutions for the same problem.

There is an unsuficient number of elements with herizontal

computational direction.

OK

B1.3.5 d The concept of Closed Computational Domain

For simplicity, consider a rectangular computational domain, such as the one depl€pden

B.38. If one increaseshe number of mesh nodes in, say, the lower boundbheyupper boundary
cannot match the indexation of the lower boundhryits graphical representation, the computationa

domain doesn’t closecf( Figure B.40). A similar situation may Medes ni:85; rk:23; Total : 2028

Claze
Damain

Statuz : Computational domain nat clozed

Werify

occur when changing the computational direction and/or positiol

some geometric eteents.

Wistialization
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For the computational domain to be closed, there must be a perfect much between the number
mesh nodes in the horizontal low and horizontal high boundaries and similarly for the vertical
boundaries.

Closing a open computational domain &chievel by properly adjusting the number of mesh
nodes in some boundaries. This process can beaddme manuallyor automatically by pressing the
Close Domainbutton. You can prevent the number of mesh nodes of some elements to be changec
during this processy selecting them before pressi@pse Domain

=[] i ko Computational Diomain

Figure B.40 i Open computational domain. The number of mesh nodes in theolotital boundary is higher than
the high horizontal boundary.

B1.3.6 d Blocks Computational Position andBlocks Meshing: The Blocks Tab

Adjusting the blocks computational position

The computational position of existing blocks can greatly affi cemens
the mesh skewness. Thdocks computational position relative to th
envelopeand relative toother blocksshould reflect the correspondin
relative position in the physical domain.

CF'SI Conv. / Mesh Quality ]

Let’s consider the example givenhkigure B.41(a). In this case, S
the computational position of block 1 is deviated in theright sotomi: 16 ]
direction when compared with its relatiy@sition in the physical ic 20 <]1] M
domain. As a result, the mesh will appeaith a higher skewness
degree Changing the block computationpbsitionis done using the
up-down and leftright arrows(cf. at right) Note: several blocks may be
selectd simultaneously in theistBoxand moved together.

Mesh
[ Elack with mesh

FigureB.41 (b) shows the corrected layout.

Meshing a block
A block may be meshed or unmeshed.
As we’ll see irsectiondB1.6.7, B1.6.8andB1.6.9 a block may represent:

0 A void region In this case, the block must not be meshed.
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0 A solid regionfor conjugate heat transfer problems. In this case, the block must be meshed in

order to solve the heat conduction equation.

0 A fluid region This may be a good option to achieve a better control of the mesh

guantities in the pogtrocessing. A meshed block representing a fluid region may also be

characteristics within a fluid region or simply to define a fluid region to compute statistical
used tosimulate thin platecf. sectionB1.6.9.

Only meshed blocks may contain other blocks (meshed or unmeshed) witRiguite B.42

shows an example of a meshed block containing a void block.

Computational Domain

[

+]

-

Computational Domain

BEEE

Figure B.41 i Influence of the blocks computational position on mesh quality.

Computational Domain

E=

BERNE

Figure B.42 i Example of meshed block containing a void block.



B1.3.7 0 Control functions settings The &'s Tab

This menu contains thesettings for the Clustering and = g .| sincks [EF5] Cone # Mesh Gusity |
Orthogonality Decaysassociated with the control functions by St€g ... . cioaomai Decae
and Sorenson c{. Section A5.2.2. The decay factorsb Bottom Bouridaries
(Orthogonality decay) anda (Clustering decay), as defined it cos <] ofos <
equationg5.6) and(5.7), may be chosen for each boundary locati
type (Bottom, Top, West and East).

Top Boundaries
C:|0E - 0:|0E -

‘west Boundaries

Control functions by Thomas and Middlecoff for transmissi
of the grid spacing into the interior of the domath §ectionA5.2.2)
are multiplied by a factor in the range 0 to 1, chosen independe
for BottomTop transmission and foWestEast transmission, as a
mears for adjustingtheir strength

C:|0E = 0:|06 =

East Boundaries

C:|06 = 0:|0E8 -

Tranzmizsion Factors
Bottor - Tap “West - East
05 05

B1.3.8 d Numerical solution control and mesh quality The

Conv/Mesh Quality

Convergence

The process of numerically solving the mesh generation differential equations presented ir
sectionA5 may be prone to convergence difficulties unless the terms associated with the clustering

and orthogonality control functionare undefrelaxed As referred in sectiorA5.2.3 the under

relaxation factor for the control functions starts at zero (total wredaxation) and is increased

gradually (lesser undeelaxation) during the course of the iterations.

This menu allows the user to choose the settingsotoe parameters that help controlling the

convergence process.

o lIterations without CF’s number of iterations to be Elments| Blocks | cF's Conv. /Mesh Quaiy |
performed prior to introduce the control function Cconveence

Increasing this number mayabilizethe calculation lterations without CF's: [35 <]
0 Relaxation for CF’s maximum value for the under Relavation for CF's: [1e2 7]

relaxation factor for the control functionhis is the Iterations to reach |75 =

most_important parameter to control convergent® M. numb iterations : |850

value should be decreased if converge difficulties as

encountered;

Iterations to reach:number of iterations during wth the undeirelaxation factor for the
control functions is increasing. In the example shown above, the maximum value for the
underrelaxation factor is reachedt iteration 100 (= 25 + 75). This value should be
increased if converge difficulties as enotered;

Max. Numb. lIterations maximum numberof iterations | ¥suazatien

) [v Boundary nodes v Mesh
allowed to be performed during the mesh generat
process. The process can, nevertheless, be stoyFFRERERAR

manually by pressing the butt&topand restarted by pressing ag@ompute

i

440
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Mesh Quality

Meshquality is directly related to the mesh skewness and ="

theaspect ratio. The menu displayed at right allows you to visua ¥ Yisuaiee
both these mesh parameters (by choouglity parametey, with 2 parameter: [Skemness ]
a color code in the select&isplay range Displayrange: [0.075 — +]

Skewnesss a neasure of the average angle between the m
lines of each mesh element. Skweness O indicates pe Masimum skew value: 157
orthogonality , while value 1 is obtahéor a 45° angle. a2

Aspect ratio represents the ratio between the maximum and
the minimum edge length afmestelement.

FigureB.43(a) and (b) show visualizations for both mesh quality parameters.

Wiy
gy

(b)

Figure B.43 i Exampleof visualization of mesh quality. &kewness in the ranged05; b) Aspect ratio in the range3l

B1.3.9 8 Other menus

o Change resolution this feature allows changinghe i
number of_r.nesh nodes of the selected glesndayt the Chonge factor [15 =] Apply |
factor specified inChange factarMesh spacings are alsu
affected by this factor. This a very convenient way to change the mesh resolution for the
whole geometry.
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Elements listing: a list of all the geometric elements siock Eim Type Disction Location Nodes

provided, along with some information regarding its tyg|
computational domain direction armalcationand number |

1 Seqgm. Har. L 46
2 Segm. Ve High 36
0 3 Segm Har. High 46
4 Segm. Ve Low 36

of mesh nodes. A doubldick on an elementusing this
list or in the visualizatiordisplay, opens a window with
detailed information, as shown kigureB.44.

Nodes presents the maximum indexation of mesh nodes wades: ri: 58: rk - 26: Tatal: 1265
each computatiothadirection, along with the net number of
mesh nodes the calculation domain

Verify. verifies all mesh settirggto check for erras This verification is also
automatically performed before computing the mesh.

Computeand Stop these buttongre)start and stop, respectively, th_ &

mesh computation.

maximum allowed.

Werify

Horizontal bar: the horizontal bar provideisualisationfor the T o
percentage of iterations accomplished as relative to uie
## Element Details | )

Block : 0 Element : 3
Geometry
Type : Segment
w1 [m]: 1.7
z1 [m]: 0.6
w2 [m]:-1.5
22 [m]: 0.6
Length [m]: 3.2
Inclination [2]: 180000005

Global arder : 3
Mesh

Comp. direction : Horizontal
Comp. location : High
Total nodes : 57
il: 58
k1: 26
i2: 2
k2: 26
Spacingl [m] : 0.057143
SpacingZ [m] : 0.057143
Decay: 0.0
Mormal clust. mode : Yes

Mormal clust. mode : Auto

Marmal clust. value [m] : -

Figure B.44 i Window showing element details.

B1.3.10 & Using CType and UType meshes
Cf. example filesNACA2412_UMesh.deindC-TypeMesh.def

Sometimesthe utilization of a @ype or even a dype mesh ithe bestsolution for getting a
good mesh qualitywhen computing the flow around a closed ho@yType and UType meshes both
take a foldeddomain that touches himself along a line segmébke the one presented gection

U-type mesles are well suited for bodies that possess a round edge and a sharpékeage
airfoil. FigureB.45 shows the computational arrangementdady-type meshgenerated around such a
body. Note for the yellow linethe correspondence betweés locationin the physicadomainand in
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the computational domairBy default, the line where the mesh touches itself (horizontal straight
yellow segment ifrigureB.45(c)) is considered as pervious to the flow.

[Tl - ki Comeutaiena Doman T [ R Cowsens G
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Figure B.45 i Computational arrangement for alype mesh

Although C-type meshks can be used for bodies with a sharp edge, like the one presented above
they are more suited fapunded bodiesigure B.46 showsthe computational arrangement foCa
type mesharound such a body. Note that the coincident horizontal lines atieisinase, in opposite
sides of the computational domain.

For both Utype and CType meshes, the central body is defined using the envelope itself.

BEEE ki Computational Domain BEEE [ Computational Domain

i LA A
N

(@ (b)

R k- Computational Domain -1+ it [ Computational Domain
A S S S S S Ry

A A A A
e a e

%

(55

'l., :"::;:"‘
Wy

I
LI 77
iy
e any
ey
ey

(©) (d)

Figure B.46 i Computational arrangement folCaType mesh
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B1.3.11 & Using split meshes
Cf. example fileSpliMesh.def

When the leading anthe trailing edgeof a body are both shari may be more convenient to
employ a split mesh. In this case, the body is defined ak tiitks zerothickness in the computational
domain.EsyCFD allows only for split meshes in the horizontal computatiomaation. Figure B.47
shows an example.

=] i k- Computational Domain

!
I
I
I

T

I
1
I
I
1

Figure B.47 i Computational arrangement for a split mesh

B1.3.12 8 Some advices on mesh generation

Every feature in the geometnyust be meshed with, at least, four nodes (in which the edge nodes
are included)This comprises geometric elements (such as depictédyure B.48(a)) and also gaps
between geometric elements (such as depictétjureB.48(b)).

-1+ i~ k- Computational Diomain
{ Warning [_J&
! The highlighted element in red has too few nodes,
~ |
A [
y b—— :
\/ | -~
| I— [ I
I Bl ! T
——————— b
\/ 1 } I
e |
==
B ,_»_4‘“*"‘ e The two highlighted elements in red are too close in the computational
Ll : - L domain.
- :
l . IEEEEE
! SRR AR R R [
I 1
\—
-

Figure B.48 i Examples of insufficient mesh nodes to resolve a feature.
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In order toreduceskewness, the relative distances aaparativelengths in the physical
domain should be preserved much as possible in the computational domain. This can be achieved

by:

o properly positioning the inner blocks using the tools available inCitvap. Maptab, as
described in sectioB1.3.6

0 adjusting the distribution of mesh nodes between the geometric elenmeths. example
shown inFigureB.49, you may notie that elements of equal length in the physical domain
have different lengths in the computational domain (i.e., these elements have different
number of mesh nodes). Thisaylead to a skewed mesh, as showirigure B.49(b). The
corrected mesh gresentedn FigureB.50.

TN

N .

-+ P80 k4 Camputational D omain T ) .5'\‘\‘\ N\
e 3

(a) (b)
Figure B.49 7 Poor quality mesh nodes distribution. (a) computational and physical domain views; (b) obtained mesh.
H T _”‘ R
H
---- SRR
W\ﬂ%k-‘r
R = Computational Diomain '.".
e
\ t HEHH
/ i
(a) (b)

Figure B.50 7 Correct mesh nodes distribution. (a) computational and physical domain views; (b) obtained mesh.

Often breaking some geometric elements at selected losatiag constitute a great help for the
meshing stagerigure B.51 shows the mesh around a car shape. In this example, the low boundary of
the envelope (soil) was broken at two location vertically aligned with the vehicle front and rear ends,
in order to help finding the correct computational position and f&zeblock 1 (representing the
vehicle).
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Figure B.51 i Mesh around a BMW 2002 car shape. '

Abrupt changes in mesh size shoaldo be avoided. This can occur when two contiguous
geometrics elements have imposed number of natbsuniform gacing, such as depicted frigure
B.52(a). This is easily correed without changhg the number of nodes, simply by specifying, in the
Boundary Nodes Tala Specified Typécf. sectionB1.3.2 and ensuring that the contiguous elements

share a similar mesh sjzéy checkingUpdate neighboutsFigure B.52(b) presents the correct
solution.
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Figure B.521 Meshing of contiguous elements. (&y@pt change in mesh sjzd) correct solutionensuring a smooth

transition

B1.4 i Mesh Generation : Unstructured type Meash

From the user point of view, mestergerationfor the

" Stuctured & UnStuctured

unstructuredype is much simpler than for structurégoe. In this case, the concept of vertical and
horizontal computational directions does not exist, since thegeno computational alignments.
Generationdr the 1D meshes on the domain boundasédenticalto the structured type.

B1.4.1 6 Inner Mesh Size

For each closed block, provided a mestoike generated in
that block, minimum and maximum values for mesh size musi
specified. The mesh generatipnocesstries to ensure that mesl
size is within these limits through the insertion of tucks and
wedges (cf. sectioA5.3.5).

By checkingVisualize the two chosersizesare visualized

by two squares displayed at the top right side of the visualiza
area.

If these values are not changed by the user, default vakies a

assigned when mesh generation is started.

B1.4.2 0 Inflation layers

Elements  Inner Mesh l Settings ] Mesh Qualityl

Block 1

Meszh
=

Mirirnurn mesh size : [ o5
Mawimurm mesh size [0

Apply

¥ “isualize

By default, rows are built with the goal of obtaining nearly squared elenmBnits may not be
desirable near boundaries. In these regiomi$ations layersmay be usedo controlthe projection
distance. The distance of the first node to the boundary (inflation layeHérghi, the ratio between
the height of two consecutive layeEsxp. Factoy andTotal levelsmust be specified.
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The maximum aspect ratio controls the aspect tithe first o e
layer volumes, by adjusting the nodes distribution along the bouni
geometric element.

v Inflation Layer

Heigh: |8.3E-03

When using inflation layers, the nodes distribution along 1 B Factors 12
. . . . Total levels :
boundary geometric element is adjusted so as to satisfy the spec = ° oy
Max. agpect ratio: |1:5 -

maximum aspect ratidNear corners and reversals, the nodes spac..
is automatically adjusted so as to achieve nearly squared elembigss exemplified in the next
figure.

T ]
N
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1 ¢ 1 iy
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I
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T
-
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T
[

@ i ji (b)

Figure B.531 Examples of automati@adjustmentof nodes along the boundary elements, when using inflation layers. (a)
withoutinflation layer; (b)i with inflation layer.

i

#:tb‘h

T
T
!
I
|

1

1

Near ends, the neighbour element nodes spacing is automatically adjusted tdalloovréct
growth of the inflationayer. This isexemplified in the next figure.

Figure B.547 When a end exists near an inflation layer, the nodes distribution of the neighbour element is automatically
adjusted.

An inflation layer with a raximum aspect ratio of 1:3 is by default assigned to all geometric
elements of inner blocks. Elements in the envelope are not agsigneefault, any inflation layer.
This can,of course, b@verridewith the appropriate controls.
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8143 6 Settings Elements | Inner Mesh  Settings ] Mesh Qualityl

Settingsfor unstructured meshes consist on the specificat | = fana=:

of values for the sigma values defining the type of row projecti

as described in sectidkb.3.1(Side Lower s ; . SideHigher. s,; sretoneri]® Lz

. ReversalLower. s,). Side Higher: |55 v
Reverzal Lower: |60 -

B1.4.4 8 Smoothing the mesh

Although a mesh smoothing algorithm (dlacker and
Stephensonl1991 for details) is applied after mesh generation, in order to ensure sr 5@";:;“
transitions, further smoothing may be necessary to further enhance the mesh. ™ compute
accomplished every time ttf@mooth Meshutton is pressed. This exemplifiedin Figure Step
B.55 wherefurther smoothing was applied in ordersimooth soméregularities that arose——
from the intersection of two paving rows.

t,‘!/

AL
P o A

Figure B.551 Mesh further smoothing after mesh generation. (a) before further snmdthimfter further

smoothing. Increase
Res.
i . . i L Smooth
B1.4.5 0 Increasing mesh resolution throgh interpolation; multigrid. Mesh
. . Compute
Large nonstructured mess can be very time consuming to generate and also lee———
Stop

lengthy computatios when solving the fluid flow. In the interpolation method, each me
element (control volume) is split into four elements, a process that is carried out quite fast.

When increaing mesh resolution, the new mesh is automaticallydsaséaking ExampleCase

as the project name): Elements: 48368 Inciease

- Res.
Multigrid: 3 mesh
ExampleCase_n.msh HHAIEL SRS [

wheren is the mesh level)(for the base mesh). This will allow multigrid calculatioas,described in
B2.1.3.
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(@) (b)

Figure B.561 Interpolation process for splitting the mesh. (a) before split; (b) after spilit.

(a) (b)
Figure B.571 Mesh (a) before split; (b) after split.

B1.4.6 0 Some adviceson unstructured mesh generation
Intersection of rows close to the boundaries

The intersection of paving rows is the most critical processmbuilding the mesh. This can
lead to some irregularities that, most often, are removed by the mesh smoothing algorithm.
Nevertheless, this algorithm is not applied for nodes less than 5 rows from the boundary. If two rows
intersect less than 5 rows fraifme boundary, the irregularities cannot be reeahwas exemplified in
FigureB.58. In this case, the solution is to decrease the mesh clustering value atritiarizs.

P L
L

s
N RER
i T ]
et HASE

s - ’

S s
2

Figure B.581 Irregularities created by the intersection of two rows.
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Using closed inner blocks to help controllingsh size

Closed inner blocks may be useful to control mesh size near the region of inTdnest.
exemplified inFigureB.59 for the mesh around an airfoil.
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Figure B.591 Using a meshed inner block to help controlling mesh size; (a) without inner block; (néthblock.
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B1.5 1 Physics and Properties

Physics and Properties

The physics of the problem are defined in this section. @ Flid domain " Solid domain

M air fluid : ¥ Secondary fluid :

. . Air hd coz hd

B1.5.1 8 Main settings | ) = ~
Regime : Flow type :

The first two OptionButtons & Fuiddmain € Solid domain Lssead’”f‘:e e LT”'b“'e”t e
) ermnal effects : uoyancy :

allow the choice between Norlsothemnal v|  [Buogart v

[~ Passive scalars

0 Fluid domain which mayalsoinclude solid blocks

I aterials l Energy ] Turb.ModeI] Ref. Pressure ]

o Solid domain where no fluid is presentThis case . qi. e o
corresponds to a puoenduction problem. Fluids

The next two CombeBoxesallow choosing tle Main fluid and roz ]
the Secondary fluid if multi-component flowis considered (by | ™" - .

. . Mame : |&ir
checking theéSecondary fluidbutton) Densiy:[T1881 kg3

Solution for Passive scalarss activated in the corresponding | = *"™ ™ 12" o
CheCkBOX s Expansion coef: |3.4113e-3 1/K

. e . Cp:|10086
The nextfour Combdoxesallow definition of the flowRegime IR

(SteadyStater Transienj, the Flow type(Laminar or Turbulen), the  usicompanent Misture
Thermal effects(Isothermal or Nonlsothermgl and the Buoyancy i divsiviy: 1= mass
inclusion Buoyantor non-Buoyanj.

B1.5.2 8 Materials

" Passive scalars " Fluids © Solids  * Passive scalars

Several materials are predefine( Fuids &
for Fluids, Solids and for Passive | Sdids Passive Scalars
scalars Their properties can be - Passive Scalar 1

Stee| Scalar 2
Scalar 3

changed in the correspondine [glmrim i Passive Seala 4

TexBoxes as shown on the righThe

fluids Air and Waterare speciain the | “t‘?“_“f: IE;:L Name ; |Passive Sealar 2
R A £C) Kin. difusivity : |0.00001 m2/s

sense. that only thgy allow ngn Densiy [F555 kg3

Boussinesq calculationgcf. section Cp: [ Jikal

Al1.8). The names of these two fluids
cannot be changed.

B1.5.3 0 Energy

The user can choose to adopt, or not, Bwissinesq Masteiss | Energy | TubModel | Ret Pressue |
approximatiorto deal withDensityvariations €f. section AL.8).
Density . |Boussinesg -

Reference temperature ;. |20 LN

The Reference temperaturenecessary tocompute the
buoyancy termshould be specified on tAHexBoxshown on the
right.
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B1.5.4 6 Turbulence model

If k-eis the chosen modeL theTurbuIence model ’—_|k-epsilnn - Materials | Energy Turh.MndeI] Ref. Pressure
values for several variables of thiS. F Tubulence model: [kepslon =
model can be changed in the™™
TextBoxeshown on the right. sigmak |1 el

Crru : W C1:
c2:fta C3:
K.appa: ’W E:
Y4 mom. : W W+ Eher:
Pr. turb. : ’EIEI— Sc. turb.

1714749

B1.5.5 8 Reference pressure

. . . taterials | E K- del  Ref. P
As described inA3.2, pressure levels are established | aoids | Evey | Komoddl e Prosse |

pressure corrections that take place during the iterative proc
Final pressure values are, thus, arbitrary (though pressure grac @ Pressue value: [ Pa
are not). The usezan, neverthelesémpose a desired pressure (¢ © o Peswe

total pressure) at a chosen location in the fluid domain ( | Location

remaining pressure field will, thus, be shifted according to t x: gz

imposition). The location may be specified through ¥and Z z:ifon T Pk
coordinates, opicked with the mouse. sl

B1.5.6 & Multi-component mixture properties

tulticomponent Misture

The kinematic diffusivitycharacterizinghe fluids pair may S
be changed in thEexBoxshown at right. Kin.disivy - 15 s

Boundar Conditions

Ervelope o Type: Wwall

B1.6 i Regionsand Boundary Conditions MetalBlock : Tvpe: Sold biock
Regions are zongén the envelope oin blocks which are  |f== . e e

created with the purpose of imposingarticular boundary Name  [Iniet1

conditions, or simply for analysis in the pgsbcessing. U= M

Imposzed variable : | Welacity -

The envelope and blocknstitute themselves, regions tha | Momentum

. . | Vel 1.0 mds  Angle [2]: 0.0
are automatically created@hese regions (envelope and blocks) ¢ =Ty o e

unique in the sense that they cannot be deleted and their boun

k-e model
conditionfor Momentums Wall with zerovelocity (for blocks, this | im0 %z o1 m
applies to those which ammperviousto the flow void blocks and | Eneg
solid blocks. o e

- Temp.: |20.0 °’c

You cancreate, in the envelopen void blocksandin solid
blocks other regions with specific characteristics. Th
characteristics of these new regions replace the default attribute
the envelope or the blodncluding creating wall boundaries witt
nonnull velocity). To create a new remi proceed as follows:
Apply | Delete MNew Region
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1. Select the boundary elements to assign to the new region (note: the selected elements canr
be already assigned to other region);

2. Press the buttoNew Region

With this procedurethe newly created region will have the defawdtsibutes (wall type, zero

velocity andzeroheat flux). EnveoRe ; ﬁ?sﬂﬂ'bmk
T

e Woid block

Central hole

To change the settings for a region, make the correspon

. . . . . |lnlet 2 o Type: Inlet
selection in the Regions List (cf. at right), choose the desilRegin3 : Type: Outlet

settings and presapply. If one or more boundary elements ailso sele¢ed, this process will also
change the boundary elements associated to the region (the selected region will be compose
exclusively by the selected elements).

Please note that the new settings become effective only after pressing theAptyorvalues
and attributes not yet effective are easily identifiable by theicodaolur.

Each region is identified by ifdame as shown on the right. Name : [Inlet 1

The Type of boundary condition is selected in the correspond wame: |Region 1

Combdox ForInletsandOutlets differentiImposedvariablesare available. Type: |Inlet s
i i . i sriable :
Boundary values assigned to regions can be either constant or giver Dt
TableFunction(cf. sectionB1.6.19. = |Symmetry

Lat.Opening
Perviousz line

Wfile

B1.6.1 6 Wall boundary condition

Momentum

The wall velocity Vel is defined as positivavhen it [ Momentum
corresponds to a countelockwise rotation of the correspondin /%" s
block. The velocity direction is displayed with an arrow, as
exemplifiedin Figure B.60.

Figure B.60 i Simulation of a rotating cylindeA new region was created with the four elements comgdisancylinder
and apositivevelocitywas assigned to that region
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Energy

The following options are available: e
{+ Temperature
o " Heat flux
0 Imposition of wallTemperature CHIE Temp.: [20 s
.. A . Energy
o Imposition ofwall Heat flux (the heat flux isdefined as « rempeaure
.. . ¢ Heat flux
positivewhenentering the doma)n C HIC Heat fius: [0 w2
.. .. Energy
o Imposition of a Heat Transfer CoefficientHTC) and |« rewestus ettemp: 20 o
external temperatur&gt. Temp G ey wima

Passivescalars

. . Pazsive scalars

The wall conditionmay be set independently for each ( (= rmm

the four scalars available simultaneoushptions arevalueand Passive

. v . . . Flus : i Value
Flux. As for energy, the flux is positive if entering the domain. b | ez

Scalar 2

®
Secondary fluid concentration
For multtcomponent fluid flow situations, walls are treated as imperviousecondary fluid
concentrationA zero flux is, thus, assigned.
B1.6.2 0 Inlet boundary condition

Threedifferent choices are available for the imposedalde (flow condition)in inlets:

Yelocity
Wieloity k
a constant value is specified (corresponding timiform velocity profilg. If -‘u"culume Flovrate
fel:|1.0
a TableFunctionis used (cf. sectioB1.6.19, negative values are alloweu Mass Fowiale
for time-dependent conditions. This allows the simulation of puéséitws (cf. example in section

C5).

Velocity, Volume FlowrateMass Flowrate Values must be positivigé =~ mpessd varisble:

Aarmentum

Momentum
Wel: 1.0 mdz  Angle [2] |00
I Profile Relative to . |Boundary -

The angleg is the angle, in degrees, between the veloc
vector and

- the vector perpendicular to the inlgbointing into the

domain, ifRelative to: Boundaris selected; nalididl S =~
izntl ]
- the xaxis (horizontal direction) iRelative to: Horizontals vl
selected. —/9
The Relative to: Horizontals the proper choice when usin ,/ <>
C-Type or UType meshes, as in these cases, most likely, the i l\
boundary is a curved lingf. example at right). \
y n p ght) _@\

When the optiorProfile is checked, thénlet profile is made similar to the profileolution at
certaincomputationatlistance downstream of the inlet. This transposition process takes place at every
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iteration, ensuring that the inlet mass floemains unchangedin inlet developed velocity profile is,

thus, easily obtained, without the need forlaege entrance length. Theomputationaldistance
downstream and relaxation factor to apply in this proeesslefined inCalculation parametey (cf.
sectionB1.8.1). The downstream location from which the profile is transposed is represented as showr
in FigureB.61.

Figure B.61 i Representation of an inlet with profile transposition from downstream.

k-e model k-& madel

. IT:|5 x L: o1
The input data are: - "

o IT: TurbulencentensitylT =100 3 /% k 7\, , whereVin is the inlet velocity[%];

3/2
0 L: Turbulence length scaIE:T; [m]. L may be taken frona fraction of the inlet

dimension(typically10%y).

Energy
g . Energy
The Temperaturevalue must be specifiefbr all the inlet
. Temperature : * Temperature
boundaries o e

Passivescalars

The value for the concentration of passive scalars mus; Fassive scalars
specifia for all inlet boundaries.

M| Fazzive Scalar 1
Fazsive Scalar 2 -

Concentratior : o
Secondary fluid concentration bl ka/kg r

For multicomponent fluid flow situations, themass .,
fraction of the secondaryldid must be specified for all inlet  Massfaction: 01 katkg
boundaries
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After validating the entered values with the buttsoply, the inlet /

region is displayed with an arrow that indicates the flow direction. 1y

B1.6.3 8 Outlet boundary condition ‘\

The choice of the flow conditiomt the outlets includes thealable jmposed vaiable
optionsfor inlets plusthe additional optiorConservative

Conzervative

Welocity
Wolume Flowrate
t ass Flovrate
Cohzervative

Unlike inlets, a fundamental difference egistetween thevelocity
andthe remaining optiondf Velocityis chosen, a uniform velocity profile
is imposed. Fothe remaining optionghe velocity profile shapeomputed at the control volumes
upstream of the outlet is assigned to this boundary.

The outlet mass flow rate is automatically computed for allGbaservativeoutletsso as to
satisfy global mass conservation.

For all the remaining scalars (temperature, turbulence quantities, passive scalars and seconda
fluid concentration), a parabolic condition is assigned; thus, no other specification is needed.

B1.6.4 6 Symmetry boundary condition

No values are necessary to be defined for this type of boundary

B1.6.5 0 Lateral opening boundary condition

Lateral openings ar boundaries that may accept inflow and outflaw,a mix of both. Inlet
velocities are not specified at these boundaries, as they come as a result of the computation. Values
scalar quantities (such as temperature, turbulent kinetic energy, etc,) must be specified, to be used
inflow is verified. This boundarytype is to be used for situations where the flow is predominantly
parallel to the boundary. This boundarycsnsideredas a symmetry boundary during the first 10
iterations,thus providing better numerical stabilityhan if an outlet type hodary wasused.Figure
B.62 shows a typicalapplication case where a boundary layer is developing from the bottom
boundary, creating a small vertiozelocity component thaleads to a very small (yet not negligible)
outflow at the top boundary

_________________________________ Lateral opening

4
= == ——

Figure B.62 i Utili sationof a lateral openingof a boundarfayer development
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As referred above, lateral openings admit inflow. Nevertheless, this may lead to numerical
instabilities and erroneous results if the inflow region is dominant in the corresponding boundary. This
is exemplified inFigureB.63, where the top boundary presents a large portion of inflow. In this case, a
much better solution would be to increase the calculation domain, by displacing the top and botton
boundaies farther from the airfoil. This would even allow you to use a symmetry bounusead
(which is equivalent to a slip wall), which is more robust numerically. In this case, you should ensure
that the lateral walls are far enough so they do not infleargnificantly the flow around the airfoil.

_________________________________ Lateral opening

- =~

. o . _ Lateral opening
Figure B.63 i Utili sationof a lateral opening for the flow around an airfon.

In summary, lateral openings should biged when the flow is expected to be predominantly
parallel to the boundary, mostly with outflow component (as compared to inflow). Inflow as admitted
as long as it is restricted to a small portion of the boundary.

B1.6.6 0 Pervious lineboundary condition

This boundary condition is used to impose specii Momentum
values for fluid velocity inside the calculation domé&ia | “el:|-3.0 mfs Angle [%]: 0.0
simulate a fan for instancejt can only be assigned t( W Impose“elocity  Relative to: |Boundary
delimiting boundaries of pervious blocks. You may impose
velocity values and direction, insimilar way as for inlets. For pervious lines, negative velocity values
are allowedlmposition of velocity values can also be done directly to open blocks. In this case, there
is no need to create a new region.

Figure B.64 demonstrateshe utilization of a pervious line region to simulate a fan inside a
cylindrical shell.
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Figure B.64 i Utili sation of apervious line region to impose fluid velocity inside the domain

B1.6.7 8 Voidblocks

A void condition can only be assigned (and is the or “:fev } - -
choice) to unmeshed blocks. Vaidocks (cf. Figure B.65) are |~
imperviousto the flow and may receive regions with @ailable boundary conditions: inlet, outlet,

wall or symmetry.

Figure B.65 i Example of a void blockdglimited by theedline), inside a solid blockfilled in gray).

B1.6.8 0 Pervious blocks

Pervious bloks areregionsthat areperviousor partially
perviousto the flow (pervious to momentum). They can be us
with the followingpurposes

Type
(¢ Pervious " Solid

o For including porous regions in the simulation (cf. SecBar6.13;

o for imposing a volumetridtHeat generation rateby specifying the total heat gendoat rate
(W) or, alternatiely, the heat generation rate per unit volufWé¢m3 (the third dimension is
considered as unijt

o for imposing a volumetricGeneration rateof passive scalars, by specifying the total
generation ratek(y/9 or, alternatively, thgeneration rate per unit volumieg(nvs);

0 to create a space region for defining particular initial conditions, as for instance, a certain
temperaturécf. secion 0);
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0 to create a space region for the quantitaginalysisin the postprocessingphase(cf. sedion

B3.7).
Type
B1.6.9 0 Solid blocks r " Pervious & Solid
This type ofcondition is onlyavailable for meshed blocks
in norrisothermal probles) to compute heat transfer b :Z:g:eneraﬁm o [ W
conduction The solidMaterial for the block must be specifiexs " wiim3

well as the internaHeat generation rateAdditional regions can Material: |Copper =
be defined at the block boundaries.
B1.6.10 & Pervious line blocks and thin plates

Cf. example fileSpliMesh.def

Open blocks are, by default, pervious to the flow (they are castious line blocKs
Nevertheless, these blocks can be used to simulate thin plates, by creating, in some of theicgeomet
elements, regions of wall type, suchexemplified inFigureB.66.

Boundary Conditions

Envelope : Type: Yoid block
Block 1 o Type: Pervious line
Region 1 : Type: Inlet
Fiegion 2 : Type: Outlet
{egion 3 : Type: Wal

I

|

|
Mame : 'Fiegion3— %' —‘9
Type - |'wal - |

|
| |
tomentum | |
vel: 00 més | |
| |

—_1> —>
|

Figure B.66 i Utilization of a pervious line block to create a thin plate

B1.6.11 6 Dummy boundary condition

A dummy boundary condition has noesgjal effect on the problem physics and is used only to
create a region identifiable for the post processing purposes, such as, for instance, to ctwaute a
flux or any statistical quantity. It can be applied to any element of any block, ptavitkssno other
boundary conditions already assign&die to its character,onvalues are necessary to be defined for
this type of boundary.

B1.6.12 & Space/Time dependent boundary valuesTableFunctions

Boundary values can be either constant (when a numerical V&IU omentum
specified) or space/time dependent. Space or time dependency iS Spt vel:[TtFne  ms
through a tabldlisting thelndependent variabl€X, Z or Timég and the dependen.
variablevalues as show on the right. Independent variable - [Tme |

|
Time [5] Z coordinate

on Tinne

To open theTableFunctionDialogBox press theF5 key when the
corresponding inpufextBoxhas the focusThe values should be listed in two"™ s
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columns separated by, at east, a blank spaeetab(note: you may also directly paste values from a
text file or from other software such kcrosoft Excel.

For a spacelependent profile, you may choose eitRayr Z | Beundary data for region ‘Inlet/Outiet Left”

as the independent variable. The proper choice should be 1| o vsise:[fme ]
based on the boundary inclination: of course, for exampleXt Time [s Velogity [mds]
dependency should be the choice for an horizontal or rRed| |iis oo ‘
horizontd boundary. TableFunctiondata may be validated t §:125 §§§§%§

check forany errors by pressingvalidate and SaveBy pressing || |02 o osese2

OK, the TableFunctiondata will be saved associated with tf| |¢3° e =
boundary; nevertheless, this data will be effectively used on Eé: §§§§i§§3

the Use fundbn table data is checked.If a boundary value is| |25 o

given by a table function, its inpttextBoxwill show ThIFng as || |57 Lo
depicted on the right. To override this and use a single value,| |0 Sorais ]
may either open th&ableFunctionDialogBox (by pressingF5) W Use TableFunction dets Valgae
and uncheckg theUse TableFunctiomata button grsimply by

entering a numeric value in the inptgxtBox i

TableFunctiondata is limited to50 values. Values are
computed fronTableFunctiordata using linear interpolation.

If the boundary independent variable wal(X, Y or Timé falls outside théableFunctionrange,
two posible situations majpe considered:

[ a3 53
a) If the first andthe last dependent| =*<*°

variable valuesn the TableFunction _ o _
f . Thefirst and the last values for "Velocity [m/s]” in the TableFunction
are Similar, periodic Conditions aré I'_ 3 ) are identical. Periodic conditions wil be applied for "Time [5]" values
) i outside theTableFunction range.
assumedcf. example in sectio5).

b) If no periodic conditions are assume oK
the boundary value will be similar tc
the closest value in tHEableFunctiorrange.

Integral quantities such as masswirate, volume flowrate and volumetric heat generatate
cannot be spaedependenttbius,only Timecan be selected and the independent variable).

TableFunctionsare not available for the following boundary variables: External temperature and
heat transfer coefficient (c§ectionB1.6.1); values for passive scalars (eitl@ncentration or flux).

B1.6.13 0 Porous losses

Momentum losses through porous regions may be assi¢/ FerousLoss—— - | =
; . .. IV Activate on isotropic
to %tlar.vlous bIocks.Inp.ut datg are the vrllscous dperme?blll Fom  [05 m2 Andell:[
) <
coe !c!ent Perm; K, in section A1.§), t e_ quadratic o.s“ Losscot: B m1 TFactor 7
coefficient Loss coeff C) and, fornon isotropicporous media,

the sreamwise directiorngle (/ ) and transverstactor (T. Factor; F).
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B1.8 i Calculation Parameters

This section allows the specificatiaf all parameters concerning the solution of the equations
and convergenceontrol
B1.8.1 0 Iterations and Convergence

Max. number global iterationgs the maximum number of- Calculation Paramsters
outeriterations allowedn the SIMPLECalgorithm When this | Tub.Modsl| Eneray| Transiert parameters
number of iterationss reachedthe calculation is stopped ever eratios | SubRelas | P'soliion | Dt Schenes

if the convergence criteria were not attained. ettt e e
Maximum residualis the parameterR_,, (cf. equdion Max, rumber glabal ierations - [350
(4.4)) that establishes the maximumormalized residual as Mavirum residual : [5e-6
e . . N v
co nvergﬂcecrlterlon. b aximum residual [multignd] ; |52
Maximum residua(multigrid) establishes the criterion tc Humb. erations momentum - [8 ]
. L . Murmb. iterations k-e : -
change meshes during a multigrid calculation B&.1.3. S

Mumb. iterations energy : |8

Comp. distance for profile transfer : |57
Subrelawation : [0.5

Nunb. Iterations momenturs the fixed number of cycles
used to solve the momentum equations within ealdhPLEC
iteration. Allowed values aré, 8 or 16.

Numb.iterations ke s the fixed number of cycles used to
solve thek and theeequations within eacBIMPLECiteration. Allowed values aré 8 or 16.

Numb. Iterations energig the fixed number of cycles used to solve the energy equations within
each SIMPLEC iteration. Alobwed values ared, 8 or 16. The same values are used for the
concentration of the secondary fluid, in mdtmponent fluid flow problems

Comp. dstance profile trasfer is the computationallistance downstreanof the inlet(s), where
the velocity profile(s) is taken for transpositifef. sedion B1.6.2. A Subrelaxéion factor is applied,
to prevent eventual instabiliseduring the calculation

B1.8.2 8 Subrelaxation

There are two optionfor subrelaxation: using a local subrelaxation throughEhector, as
described in sectioA2.3, or adopting a transietiike approach, where the solution advances in time,
starting from the initial variables field.

lterations  SubRelax l P snlutinn] Diff. Schemes

The Efactor option generally leads to a faster conver
rate, but is some cases may lead to higher numeri  Mode: [Efactr |
instabilities. The transiedike approach (Time step option)
provides a smoother convergence, but may require n

E factar

Type: |Varable -

f* Momentum

iterations. " Turbulence Initial value : (0.5
The E factor may bespecified, independently, for thi| © Final value : |3.5
Momentum k-e Energy and seconary fluid concentration | © Numb.iter. : |EO

(CO2 in the case depictedquations. Thelype of variation
controls howE values depend on the global iteration number:
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Fixed theE factor is constant throughout the iteration process.

Variable the E factor starts with arnitial value, increases linearly during the number of
iterations specified iNumb.iter. up to the maximum specified Final valueand remains constant
during the remainingiterations. With this method, the subrelaxation is higher at the beginning of th
iterations (lowerE values), which is an advantage stabilizz the calculation. As thealculation
approaches convergendesssubrelaxation is needed and tBdactor can be
higher. Typical values are 0.5 to 3.5 during 60 iterations. Mode: [Time step -]

For theTime stepoption, the time step may be computed automatice Tine step: [atomatic +|
based on the characteristics problem length and velocity s¢hiesvalue may  Factar: [y
also be affected by a specified factor.

Alternatively the user may specify the time step. In both cases, du  mode: [Timestep
the calcudtion, the automatic time step value is displayed.
Time gtep lm

Walue: [0 %

B1.8.3 0 Thep 8olution

. . . Turb. M-:u:lel] Energ_l,ll Tranzient parametersl
As already stated, thp &olution needs special care

The user may choose the minimyMin. numb. Iterations
p Yand the maximunfMa x . numb . )rumberrof P solution
iterations (cycles) for its solution. Thi&lax. Euclidean Min. rumb. terstions ' [z5

r e s i disdedcribgddy equatios.2) and(4.3). e it s QT
Max Euclideanresidual p': o1

Iteratiuns] SubRelax P zolution l Diff. Schemes

Calculation Parameters

Turb. Mudell Energ_l,ll Tranzient parametersl

Iteratinns] SubHeIa:-:] P* zalution Diff.SchemESl

Advection Differencing Scheme

B1.8.4 o Differencing schemes Momentu - |FighRis MIN_MOD 70 =]

The differencing scheme for advection (cf. sectidn.2.3 Turbulence : |Hybrid =l
and for time integration (cf.A2.2.2 may be chose Energy : |Hybrid =]
independentlyfor eachtype ofequation, as showan theright. coz: ||H9b'id ﬂ

Fazzive [Hybnd

Computation of the projection location of the upstream node
higher order schemes is optional. This is corapabally quite
expensive and is undertaken only when residuals are | [ TransientDifferencing Scheme

convergence criterion. If not selected, the upstream cor Momentum - [First Orcler
volume center is considered. ke : |First Order

Energy : IW‘

coz- [FistOider ]

Passive soalars IW‘

[ Compute projection node
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B1.8.5 8 Parameters for the turbulence model

A subrelaxation is applied for the calculationtleé turbulent viscosity, using an equation like
(4.1), as a means ofstabilizing convergence \(iscosity ]
subrelaxatiop. Furthermore, it may be convenient to introdu S
the urbulence model only after performing some iterations Yssesly sl
laminar regime Number of iterations in laminar) The " o

) ' ) ] } urnber of iterations in laminar : ,27
Interpolation for viscosity may be set toArithmetic or to
Harmonic(cf. equationg2.39) and(2.41)). IClze e HE=aslos

Avrithmetic -

b. M E|] Energy] Transient parameters]

B1.8.6 0 Parameters for the energy equation

Turb. Model Energ_','l Transient parameters]

A subrelaxatiorfactor is provided for the buoyancy teri
in the momentum equationkif equaions (1.3) and (L.3b)), and [ Er=
for the thermaproductionterms of thek-emodel equation§Gr | Subrelax. momentum buayancy term : 0.3
in equationg(1.23) and(1.24)). This may be useful in situations = Subrelss themal production kee: [~
of highRayleighnumber (large temperatur@mplitude).

B1.8.7 & Parameters for transient problems :
Turb. Model | Energy T %!En.t..E@!.@Dl'?.t!?[%él
For transient problems, the time incremehin{e step

and the Maximum timefor the simulation must be specifiec

Tranzient Fegime

Time step : (0.1 s

The temporaldiscretsation errors and numerical stability ar Masimum tme: [ &
directly related with the time step and, consequently, f Data ecordrg 17

parameter should lmrefully chosen

Tatal number of time steps : 20

For transient problems, tidax. number global iterations | Tetal number of intermediate recordings : 20
defined insedion B1.8.1 refers to the number of iteration || 'ntemediate results

e . . . . rd [~ Turb kin. en.
within each time step. In this cageto 10 iterations should be | . e s
- ) ) elacityl) [ Eddy frequency
enough to meet the convergenceetid, otherwise, most likely || ™ velaciyw ™ Wiscosity
the chosen timstep is too large. B Fiesous 2

[ Tatal pressure

-
The parameterData recording establishe the time W Temperatwe [
. . Y . [ wall Heat Flux [
interval between two successive data recordifig®rmediate || - -
results) Since the totahumber of files may easily becomée

very large, the user can select which variables shcautdoed,

S0 as tominimize storage requirements. The available variables depend on the problem physics; for
example: if the Boussinesq approximation is adopted, density is constant within the domain and, thus
this variablew o nh& tavailable for the intermediate results Wentioned in sectioBl, intermediate

results are stored in the stddder Transof the project folder.
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B1.9 1 Initiali sation of Variables

A problem may bénitialized in two different ways: Waiables Initialisation

(* Specified values

1. Specified valueghe values entered in tHeextBoxes
shown at right are assigned to the selected rec
(Region}. Selectable regions are th@alculation

" Previous calculation

. . . Reqions :
domain (default) perviousblocks and solid blocks Calculation damain
MetalBlack  Tupe: Solid block.
For the turbulence
k-2 model
mOdeI’ yOU may " dugto k|01 meds2 Marmentum
choose anAutamatic | @ &eesié .. o1
e . . . . = o ma/s3 u- e mds
initialisation in which
. . Wi |0 m/s
case an average dfd inlet values are considered, o
alternatively, Specify the initialisation values for k k-e model
g
ande .
" Specify
2. Previous calculation if you have a previous o

calculation, you can use the stored valuemit@lize 7 S
the problem(this is equivalent toselect Project i

Load Resultsas described in secti@1.1). This is an

useful option for:

Yariables Initialization

0 Postprocess the results from calculation already

made. In this case, after specifyithg file name, you = ° reciied values File

. . {* Previous calculation
can go directly to th@ostprocessinghase. _
File : ...al_Inglesh\ExemploProbhEzemploProblST res

0 To solve a transient problem, starting from a previc  Region::
. Calculation domain
steadystate calculation. MetalBlock © Type: Solid block

ThethreeToggleButtons Activatallow the corresponding
variablesto be imposed in the selected regioogerriding the
values stored in thimitiali sationfile.

Energy

W Activate T |20 I
Pazsive Scalars

W Activate Mame: |Passive Scalar1 -
Concentration : |0

tazs fraction: |0
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B1.10

Several preprepared.def files can be run
using theRun Batchfeature. In thecorresponding
Dialog Box, one may add a singlgefat a time, or
load a set of filespecified through their path ia
text file. Only the files listd with a check mark will

be run.

For each file, the mesh is generated only if ithef file does not contain
mesh information. Founstructured meshes, lgctivating thelncrease resby:

Running in batch

-
## Batch Run

-
& - [EasyCFD_G - Probl

[ Project Files |

Add sirljselefile

Load files set

Save files cet

check button, the mesh size is increased the specified number ef tisiey the

feature described in secti®1.4.5

-
#7 Batch Run

[Project | Exit Help

Mew
Load

Load Results

Save

Save As

Run Batch l}

Import

)

Project Files

5| C. este teste . def
V| Ctesteteste? def

Go ‘

Meszage

Generating unstructured meshes

[ Increase res. by |14

Clean
List
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B2 i Solver

FigureB2.1 displays the graphical interfaéar the Solverphase Several spaces are identified for
easier reference.

-
@ - [FasyCFD_G - Solver] = | B |
- | -
File Exit Helé >
Problem Defirition Solver T Post-Pracessing W Fluid : Air | SteadyState, Turbulent SST, Honlsothermal | 2D
Monar:  Residuals " Values * Forces C
Iteration  Erwelope [F<.FZ) Block1 [FA.FZ] Blocks (B C2)

5 " 4ell 33328200 B.9123200 0000000 0000000
33413200 -6.0952e00 33315200 £.923%200  0.0000=00 0.000000
-3.3375e00 -6.1122e00 33286200 £.9385e00 0.0000=00 0.0000=00
13200 -B.1297200 33237200 £.9536e00 0.0000=00 0000000

0162
0164

¥ Compute farce: Message : — 5

Representation of the velocity field Moritoring paint

Reduction: |2 hd
Slze.ﬂ J ﬂ 8

Lacation of maximum residuals

{ r [T Momentums [ [~ Temperatwe [~ K [T
ion time: 2m 23.85s [ Auto-save results
= b

Tell

4342 [~ Show

— Residual U
Fesidual W
FResidual b

—— Residual T

—— Residual K
Residual O

e

[z E— N——

30 B0 =) 120 150 180

Project: C:\PessoaishSoftwaresE asyCFD_G4YManual_InglesE xemploFroblsE semploFrobl def

Figure B.67 i Graphical interface for the solver phase.

B2.1 i Listingof Monitoring Valuesand Residuals

Space Jresentgsliverse
information concerning the
iterative processdepending of the selection madeéMonitor:

Monitar : & Residuals " Yalues " Forces lﬁ

B2.1.1 0 Steadystate problems

Residuals The first column displays the iteration humber. The next seven columns display the

normalizedresiduals for each equation and the number of cycles employed for the solutiorpod the
equation as well as its finabrmalizedEuclidean residual.{ , in equatiorn(4.3)).

Iteration  Residual U Fezidual W Fesidual M Fezidual K. Fezsidual D Fezsidual T Sec. Fluid MNawpp' Euclidean

0o 00000s00  0.0000:00  1.5723=00 0000000  00000=00  1.9433e-04  #id#dsds 404 229580
ooz 72EMe-04 3522404 10265200 0000000 0000000 21174204  HHSHEHEHE 404 27113307
0003 1.3693e-03 G0352e-04  5.2652e-01 0000000  00000=00  23310e-04  HHSHEGHE 404 1.9523=-0
0oo4  39878e-03 1564103 253Ne01 0000000 00000=00  27211e04 HUddHEHEE 404 204270
0005 91770e-03 3308403 1353001 00000200  00000=00  31110e-04  #Hd##gHs 404 223450
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Values The ﬁrSt COIUmn Iteration  Monitor U tanitar K. Maonitar D tanitar T Sec. Fluid

H T 1 oot . SEDEe-L;
dlsplays the iteration number. Th 0002 1.8024e-0 3.7900e-03  2.0668e04  20000=01  0.0000=00

: - 0003 37683e01 24762203 3750003 Z0GGGe04 2000001 0.0000=00
next sixcolumnsdisplay the values of | 0y Zoziacnr  Easac0s 37800003 06RSa4 20000001 00D00S0D

the Variab'es at a spatial Iocatior 0005  8.0684e-01 -1.2009e-02  3.7500e-03  20B68e-04  2.0000=01 0.0000=00
(monitoring location) selected by the user.

Forces Forces on walls are

lteration  Residuall ) Resid Iteration  Envelope [F< FZ) Block1 [F<FZ)

computed at every iteration if the 0003 0.0000e00 0.0000e00 2638207 -3.651Be-01
_ 0010 0.0000e00 0000000 2.9118e01 B.7687e-02

buttonCompute forces checked. 0011 0.0000=00 0.0000eD0 2 7466601 6102601
0012 0.0000s00 0.0000<00 1.482201 7.3332=-01

2.7838e00 3 4237e01

Messa

Forces values listed in the monitor can be sent to Excel, by pressing the View in Excel

corresponding button. If the selection at the listbox is not the latest value, the EXCegpuu -
contain only the values starting at the selection; otherwise, all values are sent to Excel.

B2.1.2 d Transient problems

For transient problems, the displayed residuatsaspond to the iteration prior to the timestant
transition. The iteration (first column) represents the total number of iterations performed within the
time instant. The last colun{for bothResidualsandValueg displays the current time instant.

Iteration  Reszidual U Fezidual W Residual M Fezidual K Fezidual D Fezsdual T Sec. Flud MNaswpp' Euclidean Time instant

0005 1.6815e-04 2445103 1.5311e-01  HERHSHE  HHgd8dsd 96504e-06 HERHHHHEN 036 S6B44=02 01
0005  3.8060e-05  20186e-04 2048002 HuHHHSHE  dSBHHHEE 23627=-06  HEHHHEHE 020 95970602 015
0005 1123305 58416e05 GO0991e-03 HERHSHE  HOHHRHEH 1.3533e-06 HHHHHEHER 036 9674%=02 02
0005  7.7573e-05 3240705 2091803 HuHHHHE  HodHHH#H 1.0338=-06 HUHdHHEHEE 056 97145802 025
0005 45927e-05 1.8184e-05 8627404 HEBHHRE  HERHRHEH  31313e-07  HHHHHRHER 056 2951602 03

Intermediate storage for transient problems:

Se|ecting Trans.interm.storage the time Time instant  Intermediate results stored in:

. . . Qo C:hSoftware\E azyCFD_GAExemploshCHT A Transh Tl res
instant and the corresponding file name fc| g CAS oftwarehE asyCFD_GAE semplos\CHT A TranshTrl res

. . . nz E:\Su:uftware'xEas_l,lEFD:G'xE:-:emplu:us'xEHT\Trans'xTrZres
intermediataesults Storage are dlsplayed. 03 C:hSaftware\EasyCFD_GAEsemploshCHT\TranshTries
04 _

C:h\Software\E azyCFD_GAEwemploshCHT\TranshTrd res

For a better control, a horizontal indication barSpace 2
showsthe progress within each time steplative to the maximum
number of iterations specified

Iterations in the time step: 5 [HEN

Manitoring paint

The indexation of the monitoring point is chosen in t| i: {36 «| k:|50 | 7 Show
interface block shown at righSpace 2 WhenShowis checked, the
location of the monitoring point is representedspaces by a small
circle. The monitoring point may be picked in the representation using the moBsek i§ checked.

v Pick.
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B2.1.3 & Multigrid calculation

| L URTN] Ll TUPT N  y | IMTLTTET ILATT W Residusls vs. Iterations
led — Residual LI
Residual w
Residual M
— Residual K

Multigrid calculation is available
for unstructured meshgsn steady
state problems provided mesh
resolution was increased using the linear interpolation method
B1.4.95. This allows much fasteratculations for large problems::
Calculation starts with the base mesh (coarser mesh). Wher
limiting residual for mesh transition is reached g&%.8.1), results "
are interpolated into the next finer mesh and calculation proce;.4
If other finer meshes are available, the process is repeated.
normal that transition between meshes leads to a jump in|~
residuals (as shown at righ 11

Calculation tirme: Orn 1,503

v Multigrid: 2 meshes available

B2.2 1 Graphical Represen tation of the
Residuals

The graphis with the normalizedresiduals ¢f. equdions
(4.5) and (4.6)) are presentedn Space 3 The horizontal axis |_
representghe iteration number, using a linear scale, while t |
normalized residuals are in the vertical axig logarithmic
coordinates. A differentcolour is assigned to each variable|*
accordingto thedisplayedkey.

For transient problems, the horizontal agi®wsthe time
instant counter.

The evolution of the residuals is very much proble|- o SN e
dependent, Inhe presented cas#he solution presents a goo 2w W w W m
convergence, though in the final stabe convergence rate is slow.

B2.3 i Vectorial Representa tion of the Velocity Field

The evolution of the flow field during the solution of the proble| Representation of the velocity field
may be visualised ifBpace 4 with a vectorial representation of the © actvate  Reduction: [2  ~]
velocity field (this may slow down theadculation, specially for large Size: «| | v| 2
problems). The controls shown on the right allow the user to adji--
display settings, such as the vect8izeand its quantityReductioi.

B2.4 i Location of Maximum Residuals

The locationwhere themaximum | acation of masimum residuals
residuals are vdred may provide [ Momentum D [ Momentun ' T W Temperate [~ K [~
valuable information for identifying the
origin of problensrelated to low convergence ovendivergence of the iterative proce8s. checking
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for each equation, the respective locationm@ximumresidual is displayed with a small circle in
Space 4

B2.5 i Information messages

Wherever necessary, Space 5 Messzage : Data stored in : C:\Software\EasyCFD_GAExemplosACHTATrans\Tr3.res
displays information messages, such as
the currentstorage file for intermediate transient results, etc.

The time elapsed since the start of theypatation isshownin Space 2 Calculation time: Om 8.75s

-

#A - [EasyCFD_G - Solver]
After the solver is finished, the results maydaedin a file with Bt Help

the default name (project name with extensiBa3 using Save Resulis Save Results B ol
or in a file with a chosen namdSave Results AsResults may, Save Results As rlﬁ
alternatiV@ly, be stored WhﬁasyCFD is exited. I Iteration  Residuall  Residual
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B3 i Post -Processing

B3.1 i Example Problem

The illustration of the pogptrocessing capabilities will be done recurringhie exampleshown
in FigureB.68.

(5)
1 —

t 2
Figure B.68 i Demonstration problem.
Here is some data for this problem:

1: Region typeinlet
Velocity: 1 m/s; g. 0°
Temperatue 20 °C
Turbulence intensitys% ; Characteristic lengtt0.01m

2:  Region typeinlet
Velocity: 1 m/s; g. 0°
Temperatue 30 °C
Turbulence intensity5% ; Characteristic lengttD.01m

3. Region typeConservativeutlet

4. Region typeSolid block
Material: Copper
Total heat generation rat@:wW

5:  Region typeVoid block

Theenvelopewalls are adiabaticlhe total horizontal dimension of the domair2ig m.
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B3.2 i General Description

The postprocessing phase is available only after the solver is finished or calculation data was
loaded.A general view of thgraphicalinterfaceis presenteth FigureB.69.

.
% - [EasyCFD_G - Post-Processin =R
File ColourSettings  Exit Help
I Problem Definiion | Saver | Post-Processing | Fluid : Air | Regime : SteadyState, Turbulent, Honlsothemal x=-2806533  z=0.724381
PastProssssing
@ -
Contaurs | Vetors | Steamines | Analyss |
Variable Quantiy
elocity I R I
Range
& from. [E0E4T423

(o) o [3138778
Shaded

* Colour
I Show il G scale
Scale
r Pasiton: 4|+ 9 j 0
Digits: 4| +] 3 Colour: I
Lines

Thickness

™ Show Colour- M=

[ |

I Show Mesh Export

Project: C:A\SoftwarehEasyCFD_G4M anual_IngleshExemploProblE vemploProbl def Zoom: [1.5: - ,@ /9 "_I + Wl o if I

Figure B.69 i Graphical interface for thRostProcessinghase.

B3.3 i State File, Colour Settings and Visualisation

Control A - [FasyCFD. G - Post—Processinéi

Colour Settings  Exit Help

The settings for the present visualization maysheed in a file | ond State —
(Save Statg, so that they can be recovered later lomafd State These || Save State |
include all the visualization definitions, such as zoom settings, typ{| T~ ~
visualization, contour values, etc.

Within Colour Fil Line
Settings you may choose| #® - [FasyCFD_G - Post-Processing] Colou | Colour Thickness Sl
the Colour for filling 2D || File | Colour3ettings | Exit Help Background.
regions Background Problem O efinition lﬁ? Solver V:;:l::k? i
Envelope different type of Post-Processing Corviose bk u
blocks), and theColour, Thicknessand Style for different Sold blocks: u
lines, as shown on the right. TdeckRittonsallows you to Regions: ||
switch on or off the display of the different entities. Mesh u

Fredefinitions

EasyCm - 114



The selected definitionsre saved with the projecNote that styles other thefolid are only
available for line thicknesk.

Most of visualisationcontrol is performed in a similar manner as described in seBfioch The
postprocessing, nevertheless, features the additional functionality of fitting bl o g
whole geometry, not only in the visible windows (opt®n but also in an extendecJ J €L

window 9 times largefoptionL). The tool A allows you to capture the visible window (optiSnor
the extended window (optidr) and save the corresponding image in jibgfile format.

B3.4 1 Contours

Contours, either shadeontours or line contours, represel

Contours l Wechars l Streamlines ] Analyziz ]

the spatial ariation of scalargcf. example inFigure B.70). The _ .
Variable to be represented and tfiiantity of contours are the e Auantly:
. . |Temperature j ﬂﬂ 20
first selection to be made.
Range
Available variables depend, naturally, on the phys | & .omaic fom 200
involved. Fluid flow problems i(e., nonpure conduction | ¢ speciied te: [30.0
problems) includé/elocity, VelocityU (x component of velocity),
VelocityW(z component)Pressureand theStream Functiony defined as: Vailslile.
Welocity ﬂ i}
u=P W= ¥ sy i
Hz ¢ Turb.Kin.Ener. P :
Tibintensy o |
Nonisothermal problems includ&emperature If buoyancy effects are }"'jfbﬂﬂ?;miw =

present, Total pressure (pwot, which takes into account the hydrostatic
contribution) is available:

Pt =P - g2z
For turbulent problems, turbulent kinetic energyfurb.Kin.Enej, its rate of Dissipation
Viscosity turbulence intensityTub. Intensityandy* (cf. equation(1.28)) areavailable.
Choices forRangeare:
o0 Automatic the contours are displayed using all available range for the chosen variable.

o Specifiedthe minimum from) and the maximumt@) contour values are chosen by the user.
This option is particularly useful for analysing a particular region of the domain, for
example.

B3.4.1 8 Shaded contours

The representation of shaded contours is activated in -Shaded
corresponding CheckButton Shaw Shaded a@ntours can be | ¥ Show Fill
displayed either ifColour or using aGray scale If y* is the chosen | scake
variable, the graphical representation is done only for con ¥ showssale Postion: <] »|3 =l g
volumes adjacent to watype boundaries. Digis: 4 *| 3 Colour: I i

+ Calour
" Gray scale
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The Showscale button activates the representation of the comedence between colours (or
gray shadey and values range. Tleealehorizontal and verticaPositionrelative to the visuadiation
window can be adjusted in the arrow buttons. The number of signifidigits for the labels and their
Colour can also be adjusted.

B3.4.2 6 Line contours

Line contours are displayed with a const@otour usingthe | Lines ko
line Thickneshosen by the user. This type of representation is | ¥ &fsw  Colour: [l m'
available fory*.

25.3

247
241
235
229
22.3

21.7

21.1
20.5

'C

Figure B.70 T Temperature line contours (white lines), shaded contours and corresponding scale for the example problem

B3.5 i Vectors

The flow velocity at thecentreof each control volume is Contous £ Vertors | Steamiines | Anaysis |
represented with a vector, the length of which is proportiona . e e

the velocity magnitude.

Size

The Sizecan be: & Auto.

" Spec. ﬂj ﬂ 2

o Auto: a proportionality factor between vector lengt
and velocity magnitude is automatically adjusted. Tl Colour: [velodty =]
fact.or may be_modlfled by the user, by sliding the e T
horizontal bar in the command block.
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0 Spec. the ratio between vector length and velocisee
magnitude (given iim/(m/s) may be directly specified by ;_ﬁutzi [ormaett i)
the user. This option is quite useful if one intends
compare dilerent velocity fields and the same scale factor

is desired. Colour :
The commandReductionimposes a reduction fahe number of vectors |Velacity =l
displayed, so a® achieve a better visualisation. sonsan
Pressure
The vectorsColour may be: Turb.Kir.Erer.
Diszipation

Turb. Intenszity

o *Constant: the user chooses the desif@alour for the vectors.
o Variable: each vector colour depends on the local value ahibservariable.
The lineThicknesdor the vectorgan also be chosen.

Figure B.71 shows a representation of the vectorial velocity field using the local velocity as
criterion for the vectos colour.

e

Figure B.71 i Representation of the vectorial velocity field.

Caontaurs ] Yechars Sl l Analyzis ]

B3.6 i Streamlines
v Show

Streamlines connect locations with equadlue of the ... m Trickness: [T =]
stream functionrepresenting the fluid trajectory in steastgte
problems.

Frorn Regioh

. . . Inlet 2 o Type: Inlet
Streamlinescanbe represented using the available tools f Region 3 - Type: Qutlet

the contours representation, as described iniosecB3.4.

Cluantity ; ﬂ J ﬂ 10 Apply

From Specified Locations

Total: 0




Nevertheless, the streamlindsb, described hereafter, provides additional functionality for the
streamlines representation.

After checkingShowand uporpressingApply, the choser@Quantityof streamlines is drawn from
the selected inlet or outlet boungsy with theColour and Thicknesspecified. Additionally, by using
the mouse right buttoryou may selecspecificlocations in the domain for displagrthe streamline
that passes through. An example may be sediigure B.72. The Button Eraseclears theSpecified
Locationsstreamlines

Figure B.72 i Representation of streamlines.

(a) 10 streamlinestarting from thdeft inlet. (b) addition of more streamlines with the mouse cursor.

B3.7 T Analysis

Contours] Vectorsl Streamlines  Analysis l

After selecting avariable among the available onediverse Variable | |Temperature -
information is displayedbr the selected region. :
Central hole o Type: Void block ~
. . . Inlet o Type: Inlet
Selectable regions arthe Envelope a user defined regiom | |inkst2  Type: Iniet

Fegion 3 o Tepe: Outlet

pervious or impervious blo¢kor the Calculation Domain After  IEEEEIREER
selecting the desired region, tMaximum valugMinimum value =~ fiedentee: Volme

i Dimengion . 71176737 m3
andAverage valuare displayed. Total mass: 1.33501e+4 kg

Minimum walue - 20.08C

If the selected region is th@alculation Domain a pervious | wasimum vaiue: 2000
block or a solid block the Dimensionhas the unitsn® (the Region | #veae valus: 2176726043 °C
Typeis Volume asthe third dimension is considered with lendth Vale & location: -

m) and theTotal massfor this region is displayed. The maximun " ot

minimum and average vals@re computed in thatolume space,  Pressure campanent [N]

for all control volumecentres It should be noted thatal values  fr+: 00 Fpz: 0.0
do not enter in this calculation; this fact should be taken | iscous campanent (N]
account when interpreting the results when, for instance, F:00 Fvz: 0.0
maximum value of the selected variable is located on a wadl ( 1o

may happen for temperature, when the heat flux is imposed o1 Fx: 0o Fz: 00
wall).

EasyCm - 11¢



If other region type is selected (tB#velopeor a boundary
region, like inlets, outlets or wallsjhe corresponding dimension i

Wanable :

Temperature j

Central hole

given in m? (once again, the third dimension is considered w

Inlet 2

© Type: Voidblock -

o Type: Inlet =

lengthl m theRegion Typés Area) and theMass flomthroughthat Eelgiﬂlnf omann Type: Outlet

X . . alculation Doman
region (zero, if a wall) is presented. Region tupe © Area

You may notice, wherexamining Figure A.8, that since ~Pmensen: Dém2

i Mazs flowrate ;. 0.95072 kagls
variables are computed at the control voluceaetres there are no .. o

) ) ] inimurn value ;20,0 2C
available values exactly at the boundaries locatiofhe iaivum vale: 2000
extrapolation of variables value®r the domain boundaries i Average value: 20.0°C

performedconsidering the following criteria

Outlet boundaries

The second derivative meroalong the direction perpendicular to the boundary, for all variables

Symmetry boundaries

The first derivative izeroalong the direction perpendicular to the boundary, for all variables

Walls

o Veloctty: the velocity component perpendicular to the wallzero and the velocity

component parallel to the wall has the same velocity as the wall.
0 Pressurethe first derivatve iszera

o0 Turbulencekinetic energyits value is zero.

o Dissipation rate of turbulence kinetic enerthe first derivative izera

o Temperatue: if the heat flux is imposed, theall temperature is computed based on the heat

flux value, using equation(d.35) and(1.36).
o0 Other scalars: similar to temperature.
Forces ] Moments]

For boundary regionsAfea

Pressure component [M]

Forces Ml

Type, the acting forces,
decomposed along the and z
direction, for both the pressur
and viscous components, al
presented. Moments computed
relative to a selected locatiol
(moment center) are als

Fpe: 37232475

Yizcous component [N]

Fpz: 7.1418483

Fux: -7 467496

Tatal [M]

Fvz:1.3157%-3

Fu: 372324

Fz: 71431641

Moment center : o oK
2.0

Fressure component [Mm]

Mpx: -0, 2096434 Mpz: -0.6434508

Wizcous component [Mm]

Mu: 8 3644223 Mvz: 384923

Tatal [Mm]
M -0.8545738

available. Moments are defined as positive in the ceacibckwise direction.
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B3.8 1 Representa tionofthe  Mesh

The representationf the meshlines is activated with th€heckButtonShow
Mesh The colour for the grid lines is defined in tBéalog-Box Colour Settinggcf. | ShowMesh
sedion B3.3).

A A
T

Y
T

R

T
-

Figure B.73 i Mesh repregsgtation in the posprocessing.

B3.9 i1 Data Export

The ExportButtonbrings up thédialogBoxfor controllingthe export procesfata oo |
. . . . . Rpar
can be exported fdocations along a line, or for anter region, as described next.

B3.9.1 0 Line

-
4% Data export

[ Warablestoexpott———
V¥ #feincing ™ Turb. kin. en.
™ Welocity - 1) ™ Dissipation
™ Velasity - W [ Wiscosity
[ Pressure = Passive Scalar 1
[ Total pressure [T Passive Scalar 2
[~ Temperature [T Passive Scalar 3
[T Density [T Passive Scalar 4
[ ooz
Location © L
" Selected region [Analysis]
r~ Paint 1 Faint 2
w: |1.508768 w: |-0.905259 I
2. [0.z3008 z: [0.ram3z

Humber of locations : I Refresh
e Dirawing
Save in File DED::ne:n

Mote: you may specify, with the mouse, the two

boundary points of the line defining the locations,
or enter the coordinate values in the text-box.
L = “

Figure B.74 i Selecting a line for data export.
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For this option ¢f. Figure B.74), you shouldspecify the start and end point of a line segment in
the calculation domai(Point 1andPoint 2. This can be done either using the mouse (hold down the
Shift key to easily defie horizontal or vertical lines), or entering the coordinates directly in the
correspondingrextBoxesThe line is sampled with the specifisdimber of locationgvisible a green
dots in the graphical displayRefresh Drawingipdates the visualationfor the latest changes.

Two options are available:

o Save in File Datacan be exported into a file in TecPlot (only available for region export,
unstructured mesh)) format or exported as text using the following forhatfirst line
identifies the locationl(ne, in this case); the second lireea header, listing the name of the
variables. The remaining lines store the coordinates and the values of the selected variable:
(cf. Figure B.75).

o Open in ExcelDatais sentto a Microsdt Excel sheet, which is automatically operted
FigureB.76).

File Edit Format View Help
Line Export -

X, Z, velocity [m/s], Pressure [Pa]

-1.417588e+00 , 1.648990e-01 , 1.001523e+00 , 1.095220e+00

-1.394965e+00 , 1.847901e-01 , 1.017480e+00 , 1.070002e+00

-1.372342e+00 , 2.046812e-01 , 1.033149=+00 , 1.046433e+00

-1.349719e+00 , 2.245723e-01 , 1.045411e+00 , 1.03083E8e+00 E

-1.327096e+00 , 2.444634e-01 , 1.059583e+00 , 1.016118e+00

-1.304474e+00 , 2.643545e-01 , 1.082575e+00 , 9.967750e-01

-1.28185%1e+00 , 2.842456e-01 , 1.112988e+00 , 9.761220e-01

-1.259228e+00 , 3.041367e-01 , 1.134969=+00 , 9.54086le-01

-1.236605e+00 , 3.240278e-01 , 1.14B387e+00 , 9.260020e-01

-1.213982e+00 , 3.43918%9e-01 , 1.162825e+00 , 8.902270e-01

-1.191359e+00 , 3.638101e-01 , 1.182700e+00 , B.498949e-01

-1.168736e+00 , 3.837011e-01 , 1.201028e+00 , 8.159160e-01

-1.146113e+00 , 4.035923e-01 , 1.223870e+00 , 7.803607e-01 -

4 3
Lnl, Coll

FigureB.75 i Data exported into a filkom a defined line of points

Figure B.76 i Data exported into Microsoft Excel from a defined line of points.
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