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Annotation

The aim is to briefly acquaint the student with the basic concepts of mass,
momentum and heat transfer in applications to heat exchangers. The following is an
illustrative example containing defining the problem, the physical properties of the
flowing media, and the boundary conditions. With the help of Ansys - Fluent software,
geometry preparation, calculation network creation, calculation and evaluation of
results and their comparison with analytical solution are realized. The following is a
series of examples to solve the procedure described above. After studying the module,
the student should be able to describe the problem of the exchanger, build a physical
and mathematical model, prepare the problem for numerical calculation, and perform
and calculate the calculation. Then evaluate the numerical calculation with the
analytical solution.
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1 1 TRANSMISSION OF MASS, MOMENTUM AND HEAT

The basic laws of conservation of mass, momentum and energy are described
by integral or partial differential equations with boundary and initial conditions that
significantly influence the result of the solution. In a general conservative form, the form
of the equations is as follows:

[[[7av « [[(pcu-n)as ~ [[lavehs + Jjfs.av

accumulation + convection = diffusion + source

(1.1)

where ¢ is a general variable and the terms in the equation are progressively

convective (related to the velocity vectorZ), diffusion and source term, therefore the
equation is also called convection - diffusion equation.

This equation can be expressed in differential form (more common in
hydromechanics and thermomechanics textbooks)):

a(p¢) ( - )

——27 + V- pu = V-la.V + S

ot pus o v¢] ¢ (1.2)
accumulation + convection = diffusion + source

If Srepresents temperature, admixture or other scalar quantity, then itis a second order
linear equation, if {represents the velocity component, it is a nonlinear equation.

The task of finding a solution to equation (1.2) satisfying both boundary and
initial conditions is called a mixed problem. If the boundary conditions are zero, they
are called homogeneous boundary conditions, similarly if the initial conditions are zero,
they are called homogeneous initial conditions. Instead of boundary conditions, other
types of conditions, also called boundary conditions, may be given. Consideration of
boundary and initial conditions for temperature is valid for the general variable. An
analytical solution of such systems is possible only in significantly simplified
applications. Therefore, the emphasis is currently on the numerical solution and in
order to specify its possibilities.

Numerical modeling allows to solve various problems, eg.:

e planar two-dimensional flow, axially symmetrical flow, general three-
dimensional flow

e stationary, non-stationary and transient flow

e laminar and turbulent flow in simple and complex geometries

e compressible and incompressible flow

e heat transfer, natural and mixed convection, radiation

e chemical transfer including chemical reactions, combustion

e multiphase flow, free-flow flow, solid-particle flow and bubbles

¢ flow through porous environment, etc.

Powerful CFD (Computational Fluid Dynamics) software systems, such as
Ansys-Fluent, Ansys-CFX, OpenFoam, Star CCM +, etc. are available for this purpose.
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With the development of computer technology, the requirements for its users are
changing, especially in the field of designing. Recently, the knowledge leading to the
right choice of the computational model, computational methods and interpretation of
results has gained a significant advantage over the mathematical and programming
aspects of the problem. It remains dedicated to top mathematics and programming
specialists and problem-oriented software specialists.

The calculation method is based on the finite volume method. The user should
know their nature to the extent necessary for reliable use in standard cases. In Fluent
program it is necessary to know what shapes of finite volumes will be used, which
implies the choice of mesh density, which approximation schemes it will be suitable to
use, dynamics to have an idea of the time dependence of individual quantities and the
resulting time step size, etc. it is necessary to understand the general diction of the
manuals, because without this tool it is not possible to seriously process the
assignment. Equally important is the evaluation of results, which is particularly difficult
for three-dimensional tasks. It is optimal to have at least approximate values of
calculated quantities, ideal is to compare the results with the experiment. This textbook
should provide guidance on how to deal with the above problems.



2 HEAT EXCHANGERS

Heat exchangers are devices that ensure the transfer of internal thermal energy
(enthalpy) between two or more fluids, between a solid surface and a fluid, or between
particles and a fluid, in their interaction without the external work and heat supplied.

Temperatures Fluid flows
th, - hot liquid inlet Qm, - mass flow of heated fluid
tho - cooled fluid outlet Qm.n - mass flow of cooled liquid
te, - cold fluid inlet
tc,o - heated fluid outlet S - heat exchange surface
ths - fixed wall temperature, hot side g - heat flow
tc.s - fixed wall temperature, cold side d - thickness of solid wall
tn - temperature curve in the cooled liquid a, ,- heat transfer coefficient
tc - temperature curve in the heated liquid
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Fig. 2.1 - Scheme of fluid and heat flows through the exchanger (counterflow
exchanger)

The fluids may generally be mono-constituent, or may be a mixture, both
monophasic and binary. Typical applications are two-fluid heaters and coolers, where
both fluids are separated by a solid wall, and evaporators in thermal and nuclear power
plants. Typical exchangers can be divided into several groups

o Tubular, tubular, spiral (co - current, counter - current and cross - flow
exchangers),

o Honeycomb exchangers,

o Plate heat exchangers.

The basic design parameters for heat exchanger description are heat output and
pressure drop, which will be defined for simplicity according to the diagram in Fig. 2.1.

2.1 2.1 Heat output

The energy analysis is based on a calorimetric equation that describes the heat
exchange of two or more objects. Thus, heat passes through the solid wall of the
exchanger and subsequently also through the fluid and is then affected by the flow.



Heat conduction through a solid wall, ie heat output, is described by the following

equation

poplnsles g 2.1)

d

whre A is the thermal conductivity coefficient [W-m-K1], ths is the wall temperature,
hot side, tcs is the fixed wall temperature, cold side, S is the heat exchange surface
[m?], d is a characteristic dimension [m]. However, there is a velocity and temperature
boundary layer close to the wall. The temperature boundary layer is related to a heat
transfer coefficient that defines how intensely the heat is transferred from the fluid to
the solid wall or vice versa. The heat transfer equation for hot and cold walls is given
by the following equations

P=aolt,~t)s

P = ah(l‘h,s _th)s
where ¢, is the heat transfer coefficient on the hot fluid side,«, is the heat transfer

(2.2)

coefficient on the cold fluid side, tnis the temperature curve in the cooled liquid, tc is
the temperature curve in the heated liquid. Next, a quantity is called a heat transfer
coefficient

P 1

1. 4.1 (2.3)

a, A «a,

After the introduction of the heat transfer, the power equation is transformed into:
P=k(t,—t)S (2.4)

By analyzing the previous relation, it is possible to determine parameters that
influence the heat exchanger performance. If the intention is to maximize performance,
then the following conditions must be considered

1. The wall thickness should be as small as possible (this is the reason for the thin
walls in the exchangers)

2. the thermal conductivity of the solid wall should be as large as possible (that is
why materials with high thermal conductivity, aluminum, copper etc. are used)

3. the heat exchange surface should be as large as possible (that is why there are
a large number of fins, honeycombs, small tubes below.)

4, the heat transfer coefficient should be as large as possible, its value can be

partially influenced by the fluid velocity, but with increasing velocity they increase with
the square of pressure loss.

When flowing through the pipe system, there is a significant change in temperature,
then the heat output would be greatly overestimated when using a temperature
difference A7 =7.-T7,,. As the fluid moves through the pipe system, the wall

temperature decreases and thus the temperature difference. Therefore, the so-called
logarithmic temperature difference is used



AT/ — (7-5 _7-/)_(7-5 _7-0)
o =T)) (2.5)
(7-5 - 7-0)
where 7,7, are the inlet and outlet temperatures of the flowing medium. The outlet

temperature that is needed to determine A7,, can be estimated from the relationship
Telo eyl - 7N |7 _ expl-— 7N |7 _1)-1.
7-5 _T/ pVNrSGC pVNTSTCp

where N is the total number of tubes in the system and is the number of pipes in the
vertical plane, v is an estimate of the flow rate. Therefore A7,, is known. Of course,

when using numerical calculation, temperature values are determined as average
values at the inlet and outlet edges.
The heat output per unit length of the pipe can be calculated from the relation

P = N(ﬂd&A T,m) (2.6)

The heat output can be determined as the value calculated in Fluent.

2.2 Pressure loss

The power to be supplied to the fluid to flow through the exchanger in a given
amount can be determined by the pressure drop from the following relationship:

p_ Q,Ap
o
1n 4/
P~=-—-—FfRe i
2 0% d, (Re) for laminar flow (2.7)
0.046 n°* 4/ Q%°
P = 7 n for turbulent flow

2 ,02 0'7,753'80'2'2
/ is the length over which heat transfer occurs, d, is the hydraulic diameter and S,

is the minimum flow area of the exchanger.
In general, the pressure drop of the exchanger depends on the following
parameters:

1. frictional losses associated with fluid flow around heat exchange surfaces and
thus frictional (viscous) forces

2. torque effect, which is related to the change in density in the exchanger flow

3. Compression and expansion of fluid by flowing bodies (heat transfer surfaces))
4, geometric parameters of the exchanger (for large vertical exchanger it is

necessary to include also the static pressure exerted by gravity, for gases this loss is
neglected.

When flowing through a pipe system, the pressure drop is dependent on the
loss coefficient of the pipe system and empirically determined.

u? 8Q°
Ap:ng[%] resp. Ap:ng( 7 J

pﬂ2d4 (28)



The loss coefficient is specific to the different pipe arrangements. In the arrangement
of the tubes in succession, it is defined as follows:

S
=y|N =LA+8B
4 7’( L )

T

, , (2.9)
Where A = o.ozs(s—fj a-7-9 5 [ﬁ—1)
2a 2 2a
In cross-sectional arrangement of tubes, it is similarly defined:
¢ = 7{0.7 + O.S(N[ %A + BD
’ (2.10)

a 2 2a
Coefficient » depends on Reynolds number. For values higher than 40000 it is equal

to one and for values lower than 40000 it is estimated from empirical measurements
and is shown in Fig. 2.2.
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Fig. 2.2 - Coefficient values 5 depending on Re number

As can be seen, the solution flow around such a pipe system is dependent on a
series of empirically determined coefficients, the specification of which is not the object
of this subject. In Fluent, the pressure drop is obtained directly using the average
pressure values at the inlet and outlet edges. It is also possible to determine the
backward coefficient, so it can be the result of the calculation.

é’:M (211)

pZdyn

2.3 Dimensionless criteria

When preparing the mathematical model it is necessary to decide on the type
of flow and to compare the numerical solution with the analytical solution, therefore it
is necessary to define dimensionless parameters such as:

Reynolds number (Re), which is determined from boundary and physical
conditions to specify laminar or turbulent flow. Its value characterizes the flow in the
transition region between laminar and turbulent flow [3].



ud,
|4
where the so-called hydraulic diameter represents the diameter of the pipe when
flowing in the pipe, while the pipe diameter also flows around the pipe, the mean
velocity of the flowing medium. When flowing in a pipe, if Re <2320 is a laminar flow
(particles move in layers). At higher Re> 2320 it is a turbulent flow (the particles swirl)

[4]

Re = (2.12)

The Prandtl number is only dependent on the material properties of the fluid.
It refers to boundary layer thicknesses, reference speed and temperature.
_ pCpV %
1 a
For air, its value can be assumed to be constant 0.7.

Pr (2.13)

The Fourier number is the ratio of heat conduction to its accumulation in a solid body
AT

Fo = 5
Cppdh

(2.14)

T is the time constant.

The Nusselt number expresses the effect of flow on the heat flow through the
wall, and depends on the geometric reference parameter (which is well definable).
_ad,
)
Heat transfer coefficient o includes thermal conductivity 4 solid walls that separate

both fluids and a heat transfer coefficient «,, for the interface between the solid wall

Nu

(2.15)

and the two fluids. However, this coefficient is dependent on both the material
properties of the flowing fluid and the flow pattern around the solid wall.

The second definition of the Nusselt number contains better measurable quantities
such as heat output 7 , characteristic dimension d,, surface S , to which the heat
transfer, the temperature gradient between the wall temperature and the reference
ambient temperature is determined A7 =7, -7,... The temperature gradient can also
be specified as the mean log difference.

Pd,
U=
SAT A

The heat transfer coefficient can be determined on the basis of a number of empirical
relationships, and in practice the similarity theory is most often used. If we know the
value of the Nusselt number we can determine the heat transfer coefficient. The
Nusselt number is generally a function of other similarity criteria

Nu = f(Re, Pr,Fo) (2.17)

In the case of forced convection, the value of the Nusselt number is determined by the
value of the number.

(2.16)

10



Tab. 2.1 Forced convection

laminar flow around the Nu = 0,664 Re}'” Pr''® 0,6 <Pr
plate, Tsis constant

Re_ =%, 10* <Re, <5.10°, L plate length
v
laminar flow around the Nu = 0,908 Re}’? Prt’® 0,6 <Pr
plate, q is constant
Re, =%, 10* <Re, <5.10°, L plate length
v
turbulent flow around the Nu, =0.0405Re;’® Pr/® 0,6 <Pr<60

plate, Tsis constant
5.10° <Re, <10°

laminar flow in the tube Nu=4.36 pro g=const. for wall

Nu=3.66 pro T=const. for wall

turbulent flow in the pipe Nu = 0,023 Re®® Pr™, m=0.3 for cooling
3.10* <Re, <10° m=0.4 for heating

laminar, transitional and Nu =C, Re® Pr®*
turbulent transverse pipe
wrap Re C1 c2

04+4 0,989 0,330

4 + 40 0,911 0,385

40 +4 000 0,683 0,466

4 000 + 40 000 0,193 0,618

40 000 + 400 000 0,0266 0,805
laminar, transition and Nu, =C,Re] pro N )10,

turbulent wrapping of the
tube bundle, N is the
number of tubes

2000 <Re™  <40000 Pr=0.7, constants C1 a m

D,max —

are given in the table

S. — horizontal pipe spacing, St — vertical pipe
spacing
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Tab. 2.2 Constants for determining the Nusselt number when wrapping a bundle of tubes

direct system St/D=

Su/D
1.25
1.50
2.00
3.00

C1
0.348
0.367
0.418
0.290

system cross St1/D=

S./D

1.000
1.125
1.250
1.500
2.000
3.000

C1

0.518
0.451
0.404
0.310

1.25
m
0.592
0.586
0.570
0.601

1.25

0.556
0.568
0.572
0.592

St1/D=

C1
0.275
0.250
0.299

1.50
m
0.608
0.620
0.602

0.357 0.584

S+t/D=
C1
0.497

0.505
0.460
0.416
0.356

1.50
m
0.558

0.554
0.562
0.568
0.580

S1/D=
C1
0.100

2.00

m

0.704

0.101 0.702
0.229 0.632
0.374 0.581

S+1/D=
C1

0.478
0.519
0.452
0.482
0.448

2.00
m

0.565
0.556
0.568
0.556
0.562

St/D= 3.00

Ci1 m
0.063 0.752
0.068 0.744
0.198 0.648

0.286 0.608

St/D= 3.00
C1 m

0.518 0.560
0.522 0.562
0.488 0.568
0.449 0.570
0.482 0.574

A number of relationships can be found in the literature to determine the value
of the Nusselt number. These equations are predominantly empirically determined and
have limited validity in certain specific cases. In the previous text, only a very brief
selection of the most commonly used relationships was given.
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3 FOURIER'S LAW - HEATING IN THE BAR

Example

Solve the temperature distribution in the bar of given length (Fig. 3.1) in ANSYS
Fluent program. The task is to create geometry, computational mesh (mesh onward),
define physical model, physical properties of material, boundary and initial conditions,
mathematical model in the programs DesignModeler, ANSYS Meshing and ANSYS

Fluent. The next step is to realize the numerical calculation and evaluate the
calculated quantities.

yA
l'.l';,: A, o ?erior
i W
axis
/

Fig. 3.1 - Bar of defined length

The dimensions of the area are shown in Tab. 3.1 and physical properties of individual
materials in Tab. 3.2.

Tab. 3.1 Geometry area

area length / [m] 0,5
area diameter D [m] 0,08

Tab. 3.2 Physical properties of the material (steel, aluminum, copper, wood) at 300 K

material wood steel aluminium copper
density p [kg-m~] 700 8030 2719 8978
specific heat capacity ¢, [J-kg™K"] 2310 502,48 871 381
thermal conductivity 2 [W-m*-K? 0,173 16,27 2024 387,6

The boundary conditions are defined on the left wall (see Figure 3.1) by temperature
T, and on the right wall (,,right wall*) temperature T; (Tab. 3.3). Outer wall (,,outer
wall“) or tube sheath is considered to be insulated g = 0 W /m?.
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Tab. 3.3 Boundary conditions

left wall right wall outer wall
TO = SOOC Tl = _10°C q= 0 I/V/‘I’T'L2

Mathematical model

There is no flow in this task, so the flow with zero velocity is fictitious, ie as a laminar
flow.

3.1 ANSYS Workbench

Start the programin Start / All Programs / ANSYS 2019 R3/Workbench 2019
R3. After running the program in the menu toolbar on the left side of the window,
double-click Fluid Flow (Fluent), as shown in Figure 3.2. For example, name the
newly created panel as bar (never use diacritics and mathematical symbols). Now save
the entire project File / Save as to any directory under any name, again do not use
diacritics and mathematical symbols.

[ Tyc - Workbench - O X

File View Tools Units Extensions Jobs  Help

_] ,j H Lﬂ Project

lﬂjlmport‘.. | Reconnect RefreshProject # Update Project | @@ ACT Start Page
R Bl Project Schematic o ox

|E| Analysis Systems |“
[ Coupled Field Static

[ Coupled Field Transient & A

k7 DesignAssessment W = Fiuid Flow (Fluent)

m Eigenvalue Buckling 2 9 Geometry 2 Y
Electric 3 @ Mesh =
i ExplidtDynamic =
Fluid Flow - Blow Molding (Polyflow) i @' Setup £l
E Fluid Flow- Extrusion{Palyflow) 5 Solution F 4
[@ Fluid Flow (CFX) 6 @ Results 2,

G Fluid Flow (Fluent)

B Fluid Flow (Palyflow)
&) HarmonicAcoustis

i Harmonic Response
[ HydrodynamicDiffradion
B HydrodynamicResponse
B B

Fig. 3.2 - Working environment of ANSYS Workbench 2019 R3 with Fluid flow
block.

3.2 ANSYS DesignModeler

In the first stage, you must create the geometry in DesignModeler. Right-click
on "Geometry" and select "New DesignModeler Geometry" (see Figure 3.3). The
working environment of DesignModeler is shown in Fig. 3.4..
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12 Tyc - Workbench - m} x

Tools  Units  Extensions  Jobs  Help

File  View
BT

C @lmport... | Sy Recornect [ Refresh Project 7 Update Project | B3 ACT Start Page

Toolbox roject 5d —
Bl Analysis Systems | ~
Coupled Field Static

[ Coupled Field Transient

Design Assessment

-
i
Eigenvalue Buckling z
Electric 5 New SpaceClaim Geometry...
Explicit Dynamics — New DesignModeler Geometry. ..
. . <
@ Fluid Flow- Blow Molding (Polyflow) Import Geametry 3
@ Fluid Flow- Bxtrusion (Polyflow) El @ Soluti
& Fluid Flow (CFX) 6@ Resuf3 Duplicate
{8 Fluid Flow (Fluent) Transfer Data From New 3
@ Fluid Flow: (Polyflow) Transfer Data To MNew 3
& Harmonic Acoustis
{8 Harmonic Response #  Update
Hydrodynamic Diffraction Update Upstream Components
¥ Hydrodynamic Response Refresh
ﬁ I1C Engine (Fluent)
= ) Reset
Magnetostatic
@l modal Rename
ﬁ Modal Acoustics Properties
m Random Vibration e
m Response Spectrum Qui =P
ﬁ Rigid Dynamics Add Note

&) static Acoustis
fE Static Structural

Fig. 3.3 - Starting DesignModeller

[ A: tye - DesignModeler - u] X
File Create Concept Tools Units View Help

AHE @[ Due Groo [[sea[y b AREEE 0 L5 S QREECQ QK M| 0l |0

W~ W~ £~ A~ S~ A~ A~ A

XPlane + # | Nene « # || 3/ Generste Wpsiore opology [EPaameters || Ebtrude @oRevolve @ Sweep g Skinfloft || W Thi/Surtare S Blend = 4 Chaner M sice

@ Point B0 Conversion

BladeEditor: (3 Import BGD {EfLoad BGD [:h|Load NDF | SR FlowPath ¢ Blade o Splitter g VistaTFExport “ ExportPoints WDStageFluidZone ] SectorCut | ThroatArea ¥ CAD Import v | 5 Preferences

EXSEENS=1"] - - | @
Tree Outline 2 Graphics 3
S| A;fc
XYPlane
o TPlanc ANSYS
Ly o ¥ZPlane 2019R3

L. 0Parts, 0 Bodies

Sketching  Modeling
Details View 2
¥
0,000 15,000 30,000 {m) z‘/L %
1
7500 22,500
Model View | Print Preview
& Ready [No Selection Meter Degree b o A

Fig. 3.4 - Program DesignModeler
Creating geometry

After launching DesignModeler, set the appropriate units, in your case itis meter - the
“Units - Meter” pull-down menu. In this case, the model represents a simple cylinder
of defined dimensions. The procedure for creating a 3D model is to create a simple
cylinder shape using the “Create - Primitives - Cylinder” drop-down menu (Fig. 3.5).
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Select the coordinate plane of the cylinder base (XYPlane), change the position of the
center of the base (Origin), the axis length (Axis) and the radius according to Fig. 3.6.

m A tyc - DesignModeler

J File | Create Concept Tools Units View Help

| 2 |3k NewPiane st [ B | RB@ o[ ]S

J I~ & Exdrude i / =i

J XYPI ﬁRE"O'VE -~ ¥ “ t} Generate NP Share Tapalogy Parameters |J E

JBIade%SWEEp GD  [<|Load NDF | S FlowPath 7 Blade o Splitter —Vista”
Skin/Loft

| 1& © -l @

B Thin/Surface

Tree O
=

% Fixed Radius Blend
#. Variable Radius Blend

< Vertex Blend
% Chamfer

© sorer

B Pattern
# Body Operation

Body Transformation

‘ Boolean
W Slice

Delete

Q Point

Sketching  Modeling |

&P Box

& Parallelepiped

© CEzE—
£ Cone

i@ Prism

. Pyramid

& Torus

f Bend

Fig. 3.5 - Creating cylinder geometry

Details View

[=|| Details of Cylinderl
Cylinder Cylinderl
Base Plane ¥¥Plane
Operation Add Material

Origin Definition Coordinates

FD3, Origin X Coordinate

Om

FD4, Origin ¥ Coordinate

Om

FD5, Origin £ Coordinate

Om

Axis Definition Components
FD&, Axis X Component  |0,5m
FD7, Axis ¥ Component  (Om
FO8, Axis Z Component (O m
FD10, Radius [=0) 0,08 m
As Thin/surface? Mo

Fig. 3.6 - Setting the cylinder dimensions
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B A tyc - DesignModeler - <] x
File Create Concept Tools Units View Help

ddd (e © S set [ - BRRB - W E[[SEQQAQBAAAE A F @ (M

W W~ f fiv fv fv fo A 7

oPane v b | Hone - 29 || JGenente @@Share Topology [FlPaameters || WExtrude oRevohe QpSweep § Skinloft

@Thin/Sudfsce Q@ Blend v § Chamier @Sice @ Point &) Conversion

Blsdefdtor. {fimportBG0 ffLosdBCD LosdNOF | SFiowPath f Blade o Spltter JVitsTFExpon ' ExporPomts EBStageFiidZone f SectorCus g Throstives ¥ CAD impor
xS (@=1"1 e ad

9 Guaphics

it~ | @ Preferences

outer_well
W 1Pt 1 Body

s i i Z/I\A -
| BN )

0050 ais0

S ey

Fig. 3.7 - Resulting geometry

Naming boundary conditions

Because the model is three-dimensional, the boundaries will be areas of the area
(cylinder). In the first stage, the selection mode is changed to Face (see Figure 3.8).
n A tye - DesignModeler
| File Create Concept Tools Units View Help
QBB DU Gredo [[seect [y B | @ REW | oo~ | W w0
1 A AP AP A A A A
| ¥{Plane - )11.| Mone - E@] J :} Generate @ Share Topology Parameters
| I8 Thin/Surface @ Blend ~ % Chamfer WfiSlice J € Point 3 Conversion
| BladeEditor: $4Import BGD ¢2{Load BGD [<>|Load NDF | = FlowPath 7 Blade o Splitter —J

[—

Fig. 3.8 - Selection of type of face selection mode (“Face’)

An example of naming the right_wall boundary condition as specified is shown in
Figure 3.9, Figure 3.10. The desired area is highlighted and the “Named selection”

menu is selected. In the second phase naming NamedSel2 is done as "right_wall"
and "Generate", see Fig. 3.10.
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@ Select All (Ctrl+ A)

Q Hide Face(s) (F8)
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Fig. 3.9 - Area selection for naming the boundary condition ("Named
Selection”)

Tree Qutline 3
=88] A:tye
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Details View 4
|| Details of Named5el2

Mamed Selection Mamedsel2
Apply Cancel

Propagate Selection | Yes
Export Selection Yes
Include In Legend | Yes

Fig. 3.10 - Naming the boundary condition

The boundary condition is newly displayed in the command tree under the newly
created item "right_wall", see Fig. 3.11.
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E""«@ Aty

iy e K¥Plane
iy e ZKPlane
vy YZPlane
‘,g Cylinderl
D right_wall
-, @ 1Part, 1 Body

Fig. 3.11 - Representation of the boundary condition "right_wall"

If there are multiple areas of the same meaning in the area (eg inlets for the pipe
system in the exchanger), then all of them can be selected (using Ctrl) and named
with one name.

Follow the same procedure to define and name the remaining boundary conditions
(“left_wall, outer_wall”), which are shown in Figure 3.12.

E""«@ A tye
iy 3hn KYPlane
vy e ZXPlane
vy 5he VZPlane

@ Cylinden
I right_wall
L B Ieft_wal

....... 1 outer_wall
B 1Part, 1 Body

Fig. 3.12 - Naming boundary conditions

Now the model geometry is complete and ready for the computer network creation in
ANSYS Meshing. You can save the entire project from DesignModeler using the "File
| Save Project" command and close the program. Go back to Workbench. You can
save the entire project from the Workbench at any time with the "File / Save" command.
If the geometry is created without errors, then the Geometry item has a green tick (Fig.
3.13).
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Fig. 3.13 - Workbench environment after creating geometry without errors

You can then proceed to the creation of a mesh in the ANSYS Meshing program,
which runs from the Workbench environment similar to the DesignModeler program,
see Figure 3.13.

3.3 ANSYS Meshing

In the project, double-click on the “Mesh” item to start the ANSYS Meshing
program, which allows the generated components to be meshed (Figure 3.14). This
may take several minutes depending on the model's complexity.

ﬂ [EI = Context A tyc - Meshing [ANSYS Academic Teaching Introductory]
File Home Model Display Selection Automation
D Scut X Delete % SNamed Selection  (@limages™ — = H @ Tags [ix] selection Information ;* Report Preview . s Manage™
m |_ :
B copy QFind s Coordinate System [Section Plane ft E3 show Errors & Unit Converter EKey Assignments [ user Defined =
Duplicat: G it Units Worksheet Ki Full
VPN Ripaste BaTree | S | Cdcomment ¥ Annotation nits Werkshest Keiame  cAmanage views &' Print Preview sereen (JReset Layout
Outline Mesh Insert Took Layout

-
: Name | Search Qutline | v
M Project*
EE Model (A3)
T8 Geometry
i (T Materials
2% Coordinate Systems
/@ Mesh
- 8% Named Selections

ia®we % S a0 @@ sdd kM- TRRBRERE T ®|[

Details of "Model (A3)" s mmmii s s s v Jb 0 %
=| Lighting

Ambient | 0.1

Diffuse |0.6

Specular |1

Calor

Fig. 3.14 - Environment of the ANSYS Meshing program

After you start the program and load the components, you have several options to
create a mesh. From a simple scheme, basically just double-clicking "Mesh" (right click
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and select the “Generate mesh” command (very simple automatic mesh according to
preset parameters and for most of the cases unsatisfactory, (Fig. 3.15) up to a user-
defined mesh shape

Mesh =7 Update Ff Mesh » W4, Mesh Contrel ~ EfP

Filter: Name - »Mesh*

Project

B (@] Model (A3)
----- AT Geometry
----- » 24 Coording

Ed

& ,Generate Mesh*

Insert L
‘./: Update /

'./5 Generate Mesh

Preview 4
Show L4

‘./: Create Pinch Controls

] Clear Generated Data
all Rename (F2)

Start Recording
Fig. 3.15 - Creating a simple automatic network

In this application, the computational area is cylindrical, so regular hexahedron
elements are used as the elements to create a so-called computational mesh
compaction towards the outer wall. le. a combination of an automatic mesh with a
user-defined mesh is used.

In this example, you will use three operations to create a mesh:

e « Automatic element size adjustment
e + Defining wall compaction parameters

e  Define the Sweep method

Automatic setting of mesh element type

Click on “Mesh” in the “Outline” panel of Figure 3.16 to get information about the
meshing parameters in the “Details of Mesh” panel. There are many items in this
panel. Click “Sizing” to get predefined element size information. You can change these
values as you like. The values are given in units (meter), if they are given in millimeters,
for example, it is necessary to change the units (in the “Units” drop-down menu).
Redefine the element size in “Element Size, Max Size, Defeature Size, Curvature
Min Size”.
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Details of "Mesh® s e i e

e q. s

Display
[=I| Defaults
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
Element Size 1,e002m
Export Format Standard
Export Preview Surface Mesh [ Mo
[=]| Sizing -
Use Adaptive 3izing [ Mo
Growth Rate Default (1,2}
Max Size 1,e-002m
Mesh Defeaturing Yes
Defeature Size 1,e-002m
Capture Curvature fes
Curvature Min Size 1,e002m
Curvature Mormal Angle [ Default (18,7)
Capture Proximity .Nn
Bounding Box Diagonal .0,54382 m
Average Surface Area 9,7006e-002 m*
Minimum Edge Length 0,50265 m
[+ Quality
[+| Inflation
[+]| Assembly Meshing
[+]| Advanced

For cylindrical bodies resp. The Sweep method is used for crosslinking. Use the
“‘Method” function in the “Mesh / Insert / Method” menu and the “sweep” method,

Fig. 3.16 - Details of Mesh

which is suitable for the cylinder geometry, see Fig. 3.17.
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o=
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Mesh Mumbering

MNode Merge Group
Mode Merge

MNode Move

Match Group
Match

Giant. 3.17 - Inserting a method

Select the volume "Geometry". We must define "Source Face" in the
/ Trg Selection" select "Manual
Source". The source left_wall. The number of elements by length can be specified
in “Type” (“number of division” and “sweep num divs”). The number of elements
along the length of the region is inserted (eg number of division = 100). The

"Details of Sweep Method" table. In "Src

settings and the resulting area are shown in FIG. 3.18.
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Details of "Sweep Method" - Method =

~1Ox

[=|| Scope
Scoping Method Geometry Selection
Geometry 1 Body

[=|| Definition
Suppressed Nao
Method Sweep
Algorithm Program Controlled
Element Order Use Global Setting
Sr/Trg Selection Manual Source and Target
sSource 1 Face
Target Mo Selection
Free Face Mesh Type | Quad/Tri
Type Mumber of Divisions

Sweep Num Divs | Default

Element Option Solid

[=I| Advanced
Sweep Bias Type Mo Bias

Details of "Sweep Method” - Method

=l Scope
Scoping Method Geometry Selection
Geometry 1 Body

=I| Definition
Suppressed ]
Method Sweep
Algorithm Program Controlled
Element Order Use Global Setting
Sro/Trg Selection Manual Source and Target
Source 1 Face
Target 1 Face
Free Face Mesh Type | Quad/Tri
Type Mumber of Divisions

Sweep Mum Divs | 100

Element Option Solid

=l Advanced
Sweep Bias Type Mo Bias

Giant. 3.18 - Setting parameters for the Sweep method

Then we can generate the mesh by clicking on the "Generate" command. The
resulting mesh is shown in FIG. 3.19.
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Giant. 3.19 - The resulting mesh
It can be seen that the net is not densified by the wall, which is useful in the case of
turbulent flow. Therefore, the Inflation method is used to repair the mesh.
Defining Inflation parameters

Inflation is defined for the “Source Face” in the “Mesh / Insert / Inflation” menu. You
can access this menu with the right mouse button (Fig. 3.20).

louses 0x R R

Mame v | Search Outline | ™
[ Project*
5 Model (A3)
T8 Geometry
5 Materials
H- 24 Coordinate Systems
-
=l Insert b <%  Method
Update 1P sizing
ﬁ Generate Mesh !.: Contact Sizing
Preview y A Refinement
Show ] @ Face Meshing
ﬁ Create Pinch Controls % Mesh Copy
) Group All Similar Children §#l Match Control
o Clear Generated Data @ Pinch
Inflation
aIb Rename F2 =
@ Mesh Edit
Start Recording . .
@ Mesh Numberi = Apply inflation
to specific
Contact Match boundaries.
@ Contact Match|
5 MNode Merge g (@) Press F1 for help.
‘: Mode Merge
@ MNode Move

Fig. 3.20 - Selecting the “Inflation®
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In general, the following parameters must be specified to create Inflation:
e the geometry (2D or 3D areas) where Inflation will be generated

e boundary at which Inflation will be created (in 2D it is the edge (line), in
3D itis the surface)

e Inflation parameters, ie reduction of the first cell at the border, number
of Inflation layers (cells), growth factor characterizing the gradual
increase in cell size,

The characteristics of the parameters defining Inflation are shown in Figure
3.21. The yellow highlighted “No Selection” must be selected from the model
geometry. “Geometry / No Selection” represents the selection of the area (area or
volume) where the Inflation will be. By changing the “Geometry Selection” you can
select by region name. First, click on the “No Selection” window (go to “Apply”, see
Figure 3.22). Then select the area by clicking on the model (a green background will
appear). Click “Apply” to confirm the result.

Details of "Inflation” - Inflation * 1 0Ox
—|| Scope
Scoping Method Geometry Selection
Geometry Mo Selection
=1 Definition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundary Mo Selection
Inflation Option Smooth Transition
Transition Ratio Default (0,272)
Maximum Layers 5
Growth Rate 1,2
Inflation Algarithm Pre

Fig. 3.21 - Inflation characteristics

Details of "Inflation” - Inflation * 1 Ox
-l Scope
Scoping Method Geametry Selection
-1| Definition
Suppressed Mo
Eoundary Scoping Method | Geometry Selection
Boundary Mo Selection
Inflation Option Smooth Transition
Transition Ratio Default (0.272)
Maximum Layers 5
Growth Rate 1.2
Inflation Algarithm Pre

Fig. 3.22 - Selection of the area in which Inflation will be created

Follow the same procedure to define the boundary to which Inflation is defined. Define
the edge in the “Boundary” item (Fig. 3.23). First, click in the "No Selection" field.
Then select the edge of the model. Then click on the border and select "Apply". The
result is shown in Fig. 3.23.
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Details of "Inflation” - Inflation

=l| 5cope
Scoping Method Geometry Selection
Geometry 1 Face
-|| Definition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundary 1 Edge
Inflation Cption Smooth Transition
Transition Ratio Default (0.272)
Maximum Layers 5
Growth Rate 1.2
Inflation Algorithm Pre

Fig. 3.23 - Edge selection to define Inflation
Then define the Inflation parameters (Fig. 3.23)

- factor characterizing gradual cell size reduction - 0,272

- number of layers (cells) of Inflation - 5

- growth factor - 1,2
Then we can generate the network by clicking on the "Generate" command. The
resulting mesh, including densification, is shown in FIG. 3.24.

ANSYS

2019 R3
ACADEMIC

0,000 0,100 0,200(m)

0,050 0,150

Giant. 3.24 - The resulting computing network

Save the project in ANSYS Meshing with the command "File / Save Project".
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3.4 ANSYS Fluent

Before starting ANSYS Fluent, it is necessary to check whether the
‘Geometry” and “Mesh” items have a green tick. If this is not the case, then the
"Geometry" or "Mesh" must be updated using the "Update" command. In this case it
is necessary to perform the "Update" for the "Mesh" by the right mouse button (Fig.
3.25).
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Fig. 3.25 - lllustration of the Update mesh check mark

The resulting project in the Workbench environment is shown in Figure 3.26.
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Fig. 3.26 - Resulting panel project

The ANSYS Fluent program is started by double-clicking “Setup”. When Fluent is
started, the area dimension (3D) is verified and the calculation will be performed with
the usual or double precision (“Double Precision”). Define “Double Precision” (Fig.
3.27). It is also advisable to set the parallel calculation in "Processing Options /
Parallel" for larger numbers of cells. The number of cores is eg 4.
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3 @ Mesh A \
4 @ s I
Q‘ e 4 3 Fluent Launcher 2909 R3 (Settin...  — ] X
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tyc
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® 0 Double Precision

Display Options LJ Meshing Mode
Display Mesh After Reading

[J Do not show this panel again Processing Options

ACT Option Serial

() Load ACT O Parallel

i v Show More Options ’

“l Cancel H Help ,‘

Fig. 3.27 - Starting ANSYS Fluent 2019 R3
Then the ANSYS Fluent program opens (Fig. 3.28).
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Fig. 3.28 - Basic environment of the program ANSYS Fluent

In the first phase it is necessary to check the mesh by displaying all boundaries
(boundary conditions) and the whole area by the command “Domain / Mesh /
Display” (Fig. 3.29). Selecting all items in the “Surfaces” window will display the
boundary conditions.
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Fig. 3.29 - Mesh and boundary conditions check

It is also necessary to check the mesh size units with the command “Domain / Mesh /
Scale” (Fig. 3.30). If the calculation area is created in other dimensions (mm, cm, ...),
you can use the “Scaling” and “Specify Scaling Factors” commands to convert the
dimensions into basic units of meters (m).
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Fig. 3.30 - Checking the unit of dimensions

The next check concerns the number of cells in the mesh using the "Domain / Mesh /
Info / Size" command. Subsequently, a row will appear in the text window (Console)

with information about the

number of cells (Cells), areas (Faces) and nodes (Nodes)

of the mesh, see Figure 3.31.
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Fig. 3.31 -

Cells
75500
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left wall (type wall) (mixture) Done.
Zones map name-id ... Done.

Faces Hodes Partitions

229355 78477 1

4 face zones.

Display of the number of cells, areas and nodes

The following is a check of the existence of negative volumes in the mesh with the
command “Domain / Mesh / Check / Perform Mesh Check” (Fig. 3.32), which can
occur in complicated geometries, in which case it is necessary to recreate the mesh.
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Console

Domain Extents:

Xx-coordinate: min (m) = 0.000000e400, max (m) = 5.000000e-01

v—coordinate: min (m) = -7.9959985e-02, max (m) = §.000000e-02

z-coordinate: min (m) = -7.984678e-02, max (m) = 7.935624e-02
Volume statistics:

minimom volume (m3): 1.785957e-08

maximom volume (m3): 2.940157e-07
total volume (m3): 1.002666e-02
Face area statistics:
minimuom face area (m2): 3.571914e-06
maximom face area (m2): S5.880315e-05
Checking mesh....vccveertneennsnannnnnnns
Done .

Fig. 3.32 - mesh check for negative volumes

If all data is correct, proceed from left to right and top to bottom in the menu. Many of
the essential commands that appear in the tab menu are also in the left drop-down
panel (Figure 3.33).
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Fig. 3.33 - Menu of commands defining a mathematical model

The first commands from the "Solver" menu ("Physics / Solver") define the solver
type, "Time-Steady" for a time-independent solution. Next, define “Type-Pressure-
Based”, “Velocity Formulation-Absolute”. The setting of the “Solver” commands is
shown in Figure 3.34. It is also possible to define the external force (eg gravity) by
accelerating the Gravity in any direction and change the physical units from the Sl
system to another set of units or only units of selected quantities.
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3.34 - Commands from the “Solver*

Other commands are from the menu "Models" ("Physics / Models"), which defines
the physical nature of the task according to very illustrative menu, ie "Multiphase",
"Energy"”, "Species”, "Discrete Phase" respectively. “Viscous”, where laminar flow,
turbulent flow can be defined using various turbulent models, and a special case of the
ideal liquid flow “Inviscid” can be solved (Fig. 3.35)).

File Domain Physics User-Defined Solution Results Vi
Solver Models
= " iati F
B Operating Conditions... Radiation... . Multiphase... Aﬂ]I Structure...
M Energy lﬁ: Heat Exchanger... fD‘T Species... E]1| Acoustics...
-] Reference Values... —
Generale L Viscous... - Discrete Phase... ©oo More
Outline View Task Page ] B
) e
Filter Text Models ®| -
- Setup -
@ General Models -Q
= @ Models Multiphase - Off -
B muttiphase (0ff) Energy - Off 4
(@ Energy (Off) viscous - Laminar
7 viscous (Laminar) Radiation - Off [
" Radiation (Off Heat Exchanger - Off
W h Species - Off -
Heat.Exc anger (Off) Discrete Phase - Off =
1, Species (Off) solicification & Melting - OFf .
+ 4 Discrete Phase (Off) Acoustics - Off =
& Solidification 8 Meltii  Structure - Off
Uil Acoustics (Off) Eulerian Wall Film - Off A
<} structure (Off) Electric Potential - Off [,

& Eulerian Wall Film (Of

1 I R SR

Fig. 3.35 - Characteristics of the “Models “
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This problem solves the problem of heat transfer, ie define only the energy equation
"Energy". There is no flow in the task, so there is a fictitious solution of zero velocity
flow as a laminar “Laminar” (Fig. 3.36).

Task Page | B viscous Model X
— | Model
Models @) -
= Inviscid
® Laminar
Mode!s Spalart-Allmaras (1 eqn)
WMultiphase - Off k-epsilon (2 eqn)
Energy - On
Viscous - Laminar k-omega (2 eqn)
Radiation - Off Transition k-k-omega (3 eqn)
Heat Exchanger - Off Transition SST (4 eqn)
Species - Off

Reynolds Stress (7 eqn)

Discrete Phase - Off R i
Scale-Adaptive Simulation (SAS)

Solidification & Melting - Off

Acoustics - Off Detached Eddy Simulation (DES)
I Structure - Off Large Eddy Simulation (LES)

Eulerian Wall Film - Off

Electric Potential - Off Options

Viscous Heating
Low-Pressure Boundary Slip

B o ()

Fig. 3.36 - Setting the mathematical model of the solved problem

[pee.)

Defining rod material

Fluid type defines flowing medium (water, air,...). The “Solid” type defines a solid
material (steel, copper,...). In this example, we define the heat transfer in a solid
(material "Solid"), the type of material is steel. Define the material using the “Physics
/ Materials / Create / Edit Materials” command, see Figure 3.37.
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Parallel Design

Materials Phases Iones Model Specific
‘4 Structure... + g List/Show All... | B cell Zones - Discrete Phase
4
©)i] Acoustics.... & i Interactions... [ Boundaries | ©- DTRM Rays...
®.. 00OMore . | Oreate/Edit.. g Add Phase... B Frofiles... & shell Conduction...
| B Create/Edit Materials \ X
Nama Material Type Order Materials by
air fluid = | (& Name
- - Chemical Formula
Chemical Formula Fluent Fluid Materials

Mixture -]
[User-Deﬁned Datahase...‘
none it
Properties
Density (kg/m3)| constant ~ | Edit... =
1.225
Cp (Specific Heat) (j/kg-k) constant * | Edit...
1006.43
Thermal Conductivity (w/m-k) constant * | Edit...
0.0242
Viscosity (ka/m-s)| constant ~* | Edit... -

[Changel Createl | Delete | [Closel ﬂ|

Fig. 3.37 Characteristics of the “Materials “

Select "Solid" in the ANSYS Fluent database ("Fluent Database") and change the
"Material Type" menu to "Solid". Next, select “steel” in the “Fluent Solid Materials”
menu. Confirm the move to the mathematical model using the “Copy” command, see
Figure 3.38. Physical properties (Density, Specific Heat, Thermal Conductivity,...) are
visible at the bottom of the menu and may vary according to the solver's requirements.
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n e
Name Material Type Order Materials by
steel solid w | % Name
Chemical Formula Fluent Solid Materials Chemical Formula
S [ Fluent Datsb;lse... |
Mixture
[User—DeﬁﬁDatabase,,,l
none
Properties
Fluent Database Materials .4
(r]
Material T
Fluent Solid Materials [1/13] —=] y ] '=>c] solid -
gypsum (caso4_2h20) % Order Materials by
nick&lzl (ni) ® Name
stee )
o - Ch I F I
titanium ¢ti) l emical Formula
wood
b

Copy Materials from Case... Delete

4 Properties -
Density (kg/m3) constant v | view...| =
8030 r—
Cp (Spedific Heat) (j/kg-k) constant * || View...
502.48
Thermal Conductivity (w/m-k) constant ¥ | View...
16.27
Electrical Conductivity (siemens/m) constant - || View...
8330000

New... | |Edit... | Save _Closel Help

Fig. 3.38 - Steel selection from ANSYS Fluent database

As a result, the “steel” material is moved to the “Materials” item (Fig. 3.39)

Task Page (2]
Materials @|

Materials
Fluid
air
Saolid
i cteal
aluminum

Fig. 3.39 “Steel” material in the “Materials “

The final assignment of the steel material to the area is done by the command
"Physics / Zones / Cell Zone Conditions"”, see Figure 3.40. First select "Type"
"solid". Then select “Material Name” - “Steel” and confirm with OK (Fig. 3.40).
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Task Page

Cell Zone Conditions @ | )
Zone |Filter Text @] = |.'I ¢
solid Q|
=
Bl soiid
Zone Name
solid
Material Name[shael A O ] @
Frame Motion Squrce Term
Mesh Motion Figed Values
Reference Frame lesh Motion Source Terms Fixed Values
Rotation-Axis Origin Rotation-Axis Direction
X(m)o * Xlo v
Y(m)o * || Yo v
Z(m)o v ||1Z{1 v
T

Phase Type ID | B

mixture ¥ | | solid *||2
| 1

Fig. 3.40 - Characteristics of the Cell Zone Conditions command

Defining boundary conditions

We define the boundary conditions using the menu "Physics / Zones / Boundary
Conditions", see Figure 3.41.

37



Outfine View Task Page %]

Filter Text Boundary Conditions |6|

= Setup
General Zone |Filter Text |-= | |—=|
+ @ Models —_—
+ [ wmaterials interior-salid
[ cell Zone Conditions left_wall
-' [ Boundary Conditions z;t;r;:;ll”
+ ] Internal -
+ — wall
2] Dynamic Mesh
[7] Reference values
+) [, Reference Frames
f+ Named Expressions
- Solution
% Methods
Controls
“ Report Definitions
+ & Monitors
@ cCell Registers
2% Initialization
+) ® Calculation Activities
(&) Run Calculation
- Results
& surfaces
+ & Graphics
+ | Pplots
+ [-] Animations
s [ Reports
+ Parameters & Customization

+

Phase Type D
mixture ¥ | wall '| 5

mass-flow-outlet (& )
Edit... outflow files... |

—— outlet-vent
Parameters overset N 1

——————— pressur...r-field dltlDr‘IS...I
Display Mesl pressure-inlet

' pressure-outlet tions...

symmetry

Highlight 2 velucii—inlet
-

Fig. 3.41- Boundary Conditions and types of boundary conditions

The default type of boundary condition in ANSYS Fluent is wall. If we name a certain
boundary condition in the ANSYS Meshing program according to the ANSYS Fluent
conventions, a specific type will be assigned to this condition. The types of boundary
conditions can be defined according to the menu, see Figure 3.41. E.g. the axis
condition is assigned the axis condition type (“axis”). Furthermore, for naming inlet,
the type of velocity inlet of the flowing medium is assigned to the area, and for the
naming outlet is assigned the type of output (pressure outlet) of the flowing medium
from the area, etc..

Specification of boundary conditions

o left wall —type ,,wall - ,Edit“ (T, = 50 °C = 323.15K), see Figure 3.42.
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Task Page B wal
Zone MName
Boundary Conditions @ left_wall

Adjacent Cell Zone

Zone |Filter Text @ E| solid

interior-solid Momentum Thermal Radiation Spedies DPM Multiphase ups Wall Film Potential Structure
left_wall -
- Thermal Conditions
outer_wall .
right_wall Heat Flux Temperature (K)|323.15 |+
) TN EEITE Wall Thickness (m) o -
Convection
Radiation Heat Generation Rate (w/m3) o -
Mixed Shell Conduction 1 ayer Edit...

via System Coupling
via Mapped Interface

Material Name

aluminum v @|
0 (o) (o)

Fig. 3.42 - Defining boundary condition ,left_wal

|“

e right_wall —type ,,wall* - ,,Edit“ T; = —10°C = 263.15K, see Figure 3.43.

Task Page & | Bl wal X
1 || Zone Name
Boundary Conditions @| right_wall
Adjacent Cell Zone
Zone |Filter Text e ‘ [_E'| sold
interior-solid Momentum | Thermal Radiation Spedes DFM Multiphase ups WallFilm | Potential | Structure
left wall Thermal Conditions
outer_wall .
right_wall Heat Flux Temperature [k]|_253-15| ‘ M
® Temperature Wall Thickness (m)|g -
Convection
Radiation Heat Generation Rate (w/m3) g -
Mixed Shell Conduction 1 | ayer Edit...

via System Coupling
via Mapped Interface

Material Name

aluminum - Edit....|

ﬂ _Cancel| @‘

Fig. 3.43 - Defining the boundary condition "right_wall

e outer_wall - type ,wall“ - ,Edit“ g = 0 W/m?, see Figure 3.44.
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Task Page & B wal X
. — || Zone Name
Boundary Conditions [Q| outer_vvall
Adjacent Cell Zone
Zone |Filter Text |-= | [—= | solid
interior-solid Momentum | Thermal | Radiation | Specdes DPM Multiphase ups WallFilm | Potential | Structure
left wall Thermal Conditions
outer_wall
right_wall ® Heat Flux Heat Flux (w/m2) g v
Temperature wall Thickness (m) g v
Convection
Radiation Heat Generation Rate (w/m3) g -
Mixed Shell Conduction 1 Layer Edit...
via System Coupling
via Mapped Interface
Material Name )
aluminum v [Edit---]
a [CBI'ICE|| [Help|
. Anf P 5 7 171
obr. 3.1 — Definovani okrajové podminky ,,outer_wal
Initialization

Subsequently, the Standard Initialization of the computational area is performed;
Define initial conditions for the entire region using the "Solution / Initialization /
Method" command. Define by default "Method-Standard" initialization using the
"Options"” menu, see Figure 3.45. In this task we define only temperature. Define the
mean temperature value T = 293.15K. Confirm initialization with the "Initialize" button

(Figure 3.45).
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= Dynamic Mesh
[2] Reference Values
+) 17, Reference Frames
£+ Named Expressions
- Solution
% Methods
.~ Controls
%] Report Definitions
+) @ Monitors
@ Cell Registers
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+ # Calculation Activities
® Run Calculation
- Results
@ surfaces
+) @ Graphics
+ | plots
+ [ Animations
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+ Parameters & Customization

Outline View Task Page x
Filter Text Solution Initialization J
= Set;p Initialization Methods
& General
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EUT e L SZ dard Initializati
DO Materias andard Initialization
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- [ Boundary Conditions v Potvrzeni
: D l;tel:'nal Reference Frame inicializace
= Wa

® Relative to Cell Zone
Absolute

Initial Values
Gauge Pressure (pascal)
0

X Velocity (m/s)
0

Y Velocity (m/s)
0

Z Velocity (m/s)
0

Temperature (k),

Initialize_| El Patch...

Reset DPM Sources  Reset Statistics

VOF Check

Fig. 3.45 - Initialization of the computation area

Calculation

After initialization, the iteration calculation is started with the “Solution / Run
Calculation” command, see Figure 3.46. Number of Iterations must be specified. The
predefined value is 0. Enter a value quite high, eg 1000, when it is assumed that
convergence will be achieved.

Solution Controls Reports Initialization Activities Run Calculation
P Jx Equations... | | Residuals.. 3 Convergence... Method [ Patch.. [2) Autosave... | [] Iput Summary... +* Run Calculation. ..

o S " A Hybrid  More Settings... 14 @

(L] ) =4 Limits... Definitions [ File... |/ Flot.. | Standard  Options.. ) Reset Statistics ~ $=0 + Create . | [¥] Check Case Time Scale Factor 1 -
fethods... | Controls... % gvanced... ") Resat DPM niwalize | Manage.. | % Update Dynamic Mesh... No. of Terations | 10
tine View Task Page ® [ ]

[

dlter Text Run Calculation @)
Setup B

® General Check Case.... | | update Dynamic Mesh...
+ @ Models
¥ B Materials Pseudo Transient Settings

5 v

+ (] cel Zone Conditions Fuid Time Scale Pocet
+ [ Boundary Conditions. Time Step Method Time Scale Factor

S Dynamic Mesh Automatic ~ | S . e

Reference Values t
: Length Scale Method Verbosity 1teraci

+) I, Reference Frames -

£« Named Expressions Consesvoive | -
=T Ilen Solid Time Scale

s Methods

it Time Step Method Time Scale Factor

=l Report Definitions Automatic

+ Q& Wonitors
Parameters

@ Cell Registers

2, Initialization Number of Frerations

*+) % Calculation Activities 1000
O T sz Profile Update Interval

Resul ~ u n
& surfaces L -

*) @ Graphics Solution Processing

o)LL plots Statistics

+) [ Animations o §

D B Reports Data Sampling for Steady Statistics

Parameters & Customization
Data File Quantities...

Solution Advancement

S|t QB (@& )AL =)

Calculate

Cancala

Figure 3.46 - Run ,Canculation command “
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The iteration calculation is then started with the “Calculate” button. Convergence can
be monitored both graphically and numerically (Fig. 3.47). Since we do not solve the
flow, the components of speed and continuity are not calculated. Only the temperature
(energy) is calculated and as soon as the desired accuracy (“Results / Residuals”) is
reached, the calculation is terminated by a note that the solution is converged, see
Figure 3.47

] Scaled Residuals

Residuals

continuity

x-velocity 1e-03 —
& y-velocity g

z-velocity 1

energy
- 1e-04
[ )
»

I formaion x| 1e-05 —
® @ coson omoiee
= o]
= 1e-06 —
5] 1
& 1
=
1e-07 . : .
1 2 3 4 5 6

Iterations

Fig. 3.47 - Progression of convergence

Evaluation of calculation

First we need to create a longitudinal section of the geometry. We display the geometry
using the command "Domain / Display" to find out in which axis we have to create the
section. To create a section, use the command "Domain / Surface / Create / Iso-
Surface". Select “Mesh” as the “Surface of Constant” and select the z-axis (see
Figure 3.48). Click Compute to find the coordinates in the z-axis. Since we want to
have a cross section in the middle of the cylinder, enter a value in Iso-Values that is in
the middle of these coordinates. Click Create to confirm the slice.

B s0-Surface X
New Surface Name P p—
podelny_rez From Surface Filter Text ‘-= | ‘-=‘ |-= ‘ ‘-= |
Surface of Constant left_wall

Mesh... ~ | outerwall

podelny_rez
Z-Coordinate v right_wall

Min (m) Max (m)
-0.07984678 0.07985624

ISU'VHIUES m) From Zones Filter Text ‘El ‘E‘ |E‘ ‘El

p— — solid
[+ o

‘_Create‘ @ |Clnse| ‘E‘
Results VeI (MS] L
+ & surfaces 0 I [
+) 88 Granhice

Giant. 3.48 - Creating a section (Iso-Surface)
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For the sake of clarity, evaluation options are presented, ie filled temperature
isocurves, other variables are meaningless, even if they are offered, such as pressure,
speed, etc. The isocurves are evaluated in the created longitudinal section. The setting
of temperature isocurve plots is shown in Fig. 3.49.

n Contours
Options
¥ Filled
¥ Node Values
+| Global Range
| Auto Range
Clip to Range
Draw Profiles
Draw Mesh

Coloring
e Banded
Smoaoth

Levels Setup

-

20 o||1

*
Contours of
Temperature... d
Static Temperature -
Min (k) Max (k)
263.15 323.15

RIEEE

Surfaces |Filter Text

left_wall
outer_wall
rez-podelny
right_wall

New Surface ,|

[Compute | [Cbse | [Help |

Fig. 3.49 - Setting the drawing of temperature isolines by command

,contours“

The result of the temperature isocurve evaluation is shown in Figure 3.50, where a
linear temperature drop from 323.15K to 263.15K can be seen. This is in line with the
analytical solution (a line connecting the temperature boundary values)).
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Fig. 3.50 - Temperature distribution in the whole area [K]
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In addition, the temperature distribution along the area can be evaluated using the
‘Results / Plots / XY Plot” command, see Figure 3.51. Select “Temperature / Static
Temperature” in the “Y Axis Function” menu and select the longitudinal section of
the area in “Surfaces”. In the "Plot Direction”, enter the correct direction in which the
cylinder geometry lies.

=& Inmialization

. L Solution XY Plot *
+) #® Calculation Activities I solution °
un Calculation ions irection is Function
© Run Calculat Opt Plot Di t ¥ Axis Functi
= Res(lil?lts V| Node Values X1 Temperature... M
+
Sur‘FaFes | Position on X Axis Y0 -
+ & Graphics Static Temperature o
DL el Position on Y Axis Z0
e . . X Axis Function
B File Write to File
2 profile Data Order Points Direction Vector o
11 Interpolated Data |T| |:| |T| |T|
= (= (= Surfaces |Filter Text Sl = =
T L File Data |_—| |.— | |.— | |.7L d Fil | (Nl ) N ) W N
= v plot XL =] |Load File...| left wall
1] Histogram outer_wall
2} scene Free Data podelny_rez
+ [ animations right_wall
+ [ Reports
+ Par ters & Customization
|Hew Surface |
m |Axe5... | | Curves... | | Close| | Help|

Fig. 3.51 - Characteristics of ,XY Plot command “

A plot of the temperature distribution along the length of the area is shown in Figure
3.52.
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Fig. 3.52 - Temperature distribution along the length of the areas

It is very interesting to evaluate the amount of heat passing through the left wall and
right wall. The evaluation is performed by the command “Results / Reports / Fluxes”,
see Figure 3.53. Select “Total Heat Transfer Rate” in the “Options” menu and select

44



left wall and right wall in the “Boundaries” menu. The resulting values are listed under
“‘Results” and Tab. 3.4.

B Flux Reports *
Options . ' ;
Mass Flow Rate Boundaries |Filter Text i| :| :| Results
® Total Heat Transfer Rate interior-solid
Radiation Heat Transfer Rate left_wall 45.26611387269372
outer_wall
right_wall -44,39726345435234

(I ¢ ¢ I

Net Results (w)
0.8688504

m [Write... | [Elc—se | [Help |

Fig. 3.53 - “Fluxes*“

[Save Output Parameter...

Tab. 3.4 — Heat passing through the wall

Heat passing through the wall Q [W] steel

left wall 45.27
right wall -44.40

The heat transfer through the wall elements in units [W - m~2] can also be evaluated
in detail at each wall location. In this simple case, it is constant because the
temperature distribution is linear in the z direction and the mesh is lengthwise with a
constant step, so there is a single slope (the temperature derivative is a flow), but in
general geometry it will not. To do this, use the “Results / XY Plot” command, see
Figure 3.54. In the "Plot Direction” menu, define X =0, Y =1, Z =0, in the "Y AXis
Function" menu, select "Wall Fluxes / Total Surface Heat Flux" and in "Surfaces"
select left_wall and right_wall. The graph shows a value line inside the surface and
several values that are on the border and modified in connection with the outer wall
boundary condition”
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Fig. 3.54 - Distribution of heat flow through walls ,left wall and right wall “

3.5 Varianty vypocti

In other variants of numerical calculations, first define a different material (Table 3.5)
of the calculation area (bars). Perform numerical calculations and compare the results
as shown in the example.

Tab. 3.5 - Physical properties of material (steel, aluminum, copper, wood))

material Wood  Steel Aluminium copper
density p [kg:m?] 700 8030 2719 8978
specific heat capacity ¢, [J-kg™K*] 2310 502.48 871 381
thermal conductivity 2 [W-m*-K?] 0.173  16.27 202.4 387.6

Then define the variations of the different temperature boundary conditions on the left
wall and right wall as shown in Tab. 3.6.

Tab. 3.5 — Variations of boundary conditions on left wall and right wall

OKRAJOVE PODMINKY
Varianta | left wall right wall right wall right wall
T, [°C] T, [°C] qW.m™?] | a[W.m 2 K']| T,[°C]
A 50 -10
B -20 100
C 50 162700
D 50 0
E 50 1000 -10
Where T, Is the temperature at ,,left wall*
T, Is the temperature at ,,right wall*
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Q Is the specific heat flux at ,,right wall*
T Is the ambient temperature

a is the heat transfer coefficient to ,,right wall*

- Prepare a solution area consisting of three rods of different diameters, when
defining the geometry, always use the movement of the coordinate system to
the end of the rod (“Create / New Plane”). The boundary conditions are the
same. When sweeping, use the sweep method on the first and third rods, the
second rod relative to a different diameter is transmitted only by inflation

Geometry creation:

Sketching  mModeling

Details View q
-|| Details of Pipe22

Cylinder Pipe22

Base Plane XYPlane

Operation Add Frozen

COrigin Definition Coordinates

FD3, Origin X Coordinate |Om
FO4, Origin ¥ Coordinate |Om
FD'5, Crigin Z Coordinate |Om
Axis Definition Components
FO'G, Axis X Component |03 m
FD7, Axis ¥ Component  |Om
FD&, Axis Z Component  |Om

FD10, Radius (=0} .01 m

As Thin/Surface? Ma
Details View 4
—|| Details of EndPipe2?2

Flane EndPipe22

Sketches o

Type From Face

Subtype Outline Plane

Base Face Selected

Use Arc Centers for Origin? | Yes

Transform 1 [RME] MNone

Reverse Normal/Z-Axis? MNa

Flip X¥-Axes? No

Export Coordinate System? | No
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DetalsView b

[=/| Details of Pipe32

Cylinder Pipe32

Base Plane EndPipe22
Cperation Add Frozen
Origin Definition Coordinates

| | FD3, Origin ¥ Coordinate [0 m

|| FD4, Origin ¥ Coordinate |0 m

|| FDS, Origin Z Coordinate |0 m

Axis Definition Components
| | FD®, Axis X Component  |[Om

|| FD7, Axis ¥ Component  |[Om

| | FD8, Axis Z Component  |0.05m

|| FD10, Radius [>0) 0.015m

As Thin/5urface? Mo

Sketching Modeling I

eailsView b

|| Details of EndPipe32
Flane EndPipe32
Sketches 0
Type From Face
Subtype Outline Plane
Base Face Selected
Use Arc Centers for Origin? | Yes
Transform 1 (RME} Mone
Reverse Mormal/Z-Axis? Mo
Flip X¥-Axes? Mo
Export Coordinate System? | Mo

Sketching  Modeling I

dewlsVien 4

-l| Details of PipeQut22

Cylinder PipeQut22
Base Plane EndPipe32
Cperation Add Frozen
COrigin Definition Coordinates
| FD3, Origin X Coordinate |0 m

|| FD4, Origin ¥ Coordinate [0 m

|| FDS, Origin Z Coordinate |0 m

Axis Definition Components
|| FDB, Axis X Component  |[0m

|| FD7, Axis ¥ Component  |[Om

|| FD8, fxis 7 Component (0.2 m

|| FD10, Radius (>0} 0.01m

As Thin/surface? No

Boundary conditions:
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Meshing:

Inflation to the right_wall, the border is a circle, sweep is applied only to the third
tube (the next tube changes the diameter, so it is not possible to continue with
the sweep)

Inflation on the left_wall, the border is a circle, the sweep is applied only to the first
pipe

Inflation on the volume of the second tube, the boundary is the area of the tube
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The resulting mesh

>

The next calculation is based on the previous task.

50



4 LAMINARY FLOW - WATER FLOW BETWEEN PLATES

Example

Solve water flow between two infinitely large plates, see Figure 4.1. The physical model
is given by the shape of the area, the type of flow and the hydraulic flow parameters.
Define the numerical calculation in ANSYS Fluent. Use DesignModeler and ANSYS
Meshing to create the computational area (geometry) and computational mesh.

symmetry

outlet
e

Fig. 4.1 - Area diagram

The water flows into the area at the speed of 0.05 m.s~! and exits into the atmosphere
where the relative pressure is 0 Pa. The problem is given as a 3D model and represents
the flow in a cuboid area of given length, thickness and width, see Tab. 4.1. The
physical properties of the flowing medium are given in Tab. 4.2.

Tab. 4.1 — Geometry area

area length / [m] 0.5
height of the area s [m] 0.02
area width b [m] 0.1

Tab. 4.2 - Physical properties of water

density of water p [kg.m™] 998

dynamic viscosity 7 [kg.(m.s)?] 0.001003
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Boundary conditions

VELOCITY INLET is defined on the "inlet" and a static pressure condition
(PRESSURE-OUTLET) on the "outlet". On the walls (“top wall, bottom wall”) there
is a boundary condition of the type WALL where zero flow velocity is assumed (it is
predefined). A side condition is defined by a boundary condition of the SYMMETRY
type (infinitely large boards). The marginal conditions are given in Tab. 4.3.

Tab. 4.2 — Boundary conditions

inlet — medium speed v, [m.s] 0.05

outlet — static pressure p [Pa] 0

Mathematical model

The selection of the mathematical model will be solved in the next chapters, now
it will be left predefined (laminar flow model).

The laminarity criterion is Reynolds number:

ne_Ud _0.05.002_,

v 1.10°

The flow is therefore laminar.

4.1 Creating geometry and mesh

In the Workbench, select "Fluid Flow / Fluent" and drag it to the work window.
Right-click on "Geometry" and select "New DesignModeler Geometry". Create the
cuboid geometry with given dimensions using the “Create / Primitives / Box”
command (Fig. 4.2). Confirm the box by clicking on "Generate“.

sketching  Modeling

Details View
|| Details of Box1

Box

Base Plane

Operation

Box Type

Point 1 Definition
FD3, Point 1 X Coordinate
FD4, Point 1Y Coordinate
FDS5, Point 1 Z Coordinate

Diagonal Definition

Box1

X¥¥Plane

Add Material

From One Point and Diagonal
Coordinates

Om

Om

Om

Components

FD6, Diagonal X Component | 0,5 m
FD7, Diagonal Y Component |0,02 m

FD8, Diagonal Z Component [0,1 m

As Thin/Surface?

Mo

Giant

. 4.2 - Creating cuboid geometry
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In the next phase, name the boundary conditions as described in Figure 4.1. To
rename boundary conditions, use the “Named Selection” command. The resulting
marking and naming of all boundary conditions is shown in Fig. 4.3.

Tree Outline

E|...-¢ A: laminarni proudeni me
....... 7= K¥Plane

....... 3 ZXPlane

....... = YZPlane

....... & Box1

....... ” @] Inlet

....... » [F1 Outlet

....... » F1 Top_wall

....... /B! Bottom_wall
"""" o @] Symetry

[+ M@ 1Part, 1 Body

Fig. 4.3 - Marking of boundary conditions

Networking is done in ANSYS Meshing. Since it is a flow between the boards,
it is necessary to insert on the inlet Inflation surface to both walls (top wall, bottom
wall). Create Inflation for both edges at the same time as in chap. 3.3 using the
“‘Meshing / Inflation” command (the parameters are shown in Figure 4.4). Then use
the "Sweep" method according to chap. 3.4. The parameters are shown in Fig. 4.4.
Then generate a new mesh with the "Generate Mesh" command. The resulting form
of the mesh including meshing parameters is shown in Fig. 4.5.
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Fig. 4.4 - Inflation parameters and Sweep method
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Fig. 4.5 - The resulting form of a computer network for flow between boards

Fluent

ion in

4.2 Calculat

After creating the mesh, go back to the Workbench, Fig. 4.6. Before running

the ANSYS Fluent program, it is necessary to update the mesh by the command
“‘Update” for the item “Mesh” with the right mouse button (a green check should have

appeared). The ANSYS Fluent program is started by double-clicking “Setup”. Do not
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forget to set the calculation with a higher order of precision "Double precision" and

parallel calculation using "Processing Options / Parallel".
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Fig. 4.6 - ANSYS Workbench after update

After running ANSYS Fluent, check the calculation area dimensions and boundary
conditions as in the previous task (Chapter 3.4)

If all data is correct, proceed in the job setup in ANSYS Fluent:

e Physics Solver - General / Solver-Type (Pressure-Based) Solver Command

e Command to set time-independent Physics - General / Solver -Time (Steady)
solution

e Physics - General / Solver Gravity (no) command
e Command to set Physics - General / Solver-Units - Sl
e Command to set the Physics - Models - Viscous Model - Laminar laminar model

Definition of physical properties of fluid

e Command to copy water from Physics database - Materials-Create / Edit
Materials - Fluent Database Materials (select “Material Type” water-liquid and
copy with Copy command)

e Physics - Zones-Cell Zones Conditions command (define Zone (solid) and
select material water-liquid). The zone must be of Fluid type

Defining boundary conditions

e Defining boundary conditions * bottom wall - type wall (define fixed stationary
wall, default setting)

e inlet - type of velocity inlet (define speed according to Table 4.3)

e outlet - type of pressure outlet (define the static pressure according to Table
4.3)

o top wall - type wall (define fixed fixed wall, default setting)

e symmetry1, symmetry2 -— type of symmetry
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Initialization

Subsequently, the current field is initialized; Define initial conditions for the entire
area using the “Solution-Initialization-Method (Standard / Options)” command. The
values are defined based on the input boundary condition “Compute from Inlet”, see

Figure 4.7.
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Fig. 4.7 - Initialization based on input boundary condition

Before starting the calculation, set the stabilization diagrams for the calculation of the
individual variables with the “Solution / Methods” command, see Fig. 4.8 with regard
to the stability of the numerical calculation.
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Fig. 4.8 - Setting of stability schemes

Then you run the iterative calculation “Solution-Run Calculation”. You must
specify the number of "Number of Iterations" iterations. The predefined value is 0.
Enter a fairly high value, eg 1000, when it is assumed that convergence will be

achieved, see Figure 4.9. Convergence can be monitored both graphically
numerically.

and
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Fig. 4.9 - Setting the number of iterations and starting the calculation
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The residual list is activated from the menu by the “Results / Residuals /
Residuals Monitors” commands. The course of the residuals is shown in Fig. 4.10.
Residual values (relative error) for each calculated variable (pressure - continuity,
velocity in x - X - velocity direction, velocity in y - y - velocity direction and velocity in z
- z - velocity direction) must be less than 0.001. When this accuracy is reached, the
calculation is terminated by itself.

Residuals (
— continuity Ayd
——x-velocity 1e+00 5 ACAD
-veloci ]
e oc!ty 1e-01
—2z-velocity 1
1e-02
1e-03 E
1e-04
1e-05
1e-06 E
1e-07 E
1e-08
1e-09

0 5 10 15 20 25 30 35 40 45 50
lterations

Fig. 4.10 - The course of residuals

The next steps will be to evaluate this calculation variant. For the sake of clarity,
it is possible to create auxiliary sections with given coordinates, in which eg speed
vectors are displayed. This will be followed by the creation of transverse planes at
distances x =0.1m, 0.2m, 0.3m and 0.4m and a longitudinal section through the center
of the z-axis (Fig. 4.11).

Fig. 4.11 - Created planes for evaluation
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To create transverse planes at distances x = 0.1m, 0.2m, 0.3m and 0.4m, use
the command “Results / Surface / Create / Iso-suface”. The creation of the transverse
plane at the distance x = 0.1m is shown in Fig. 4.12. In the “Surface of Constant”
menu, select Mesh / X-Coordinate. Next, enter 0.1 for Iso-Values. 0.3m and 0.4m To
make a longitudinal section, select Z-Coordinate.

- bl
nIso—SurFace ﬁ
New Surface Name ) ) . .
[x-0.1m| | From Surface |Filter Text %l —=,| E/| '=>-(|
Surface of Constant baottom_wall =

Mesh... - inlet
outlet
X-Coordinate = podelny-rez
_ symetry
M M
M [m] ax [m] svmimetrel =
] 0.5
Iso-Values (m) . =\|(=1(=]1[=]
o1 From Zones |Filter Text -gl —-| -‘/| 'x|
| . . salid
- | I » |
|
@ Eompute| Elose| Help|

Fig. 4.12 - Creating an auxiliary plane at a distance x = 0.1 m

Then, velocity vectors, velocity profiles, and filled isolines can be evaluated to
illustrate. The velocity vectors are defined in each cell of the computational domain by
the command "Results / Graphics / Vectors /", where it is possible to define the
coloring of the vectors by another variable (eg temperature). In addition, “Scale” allows
you to reduce the size of the vector and “Skip” to skip a certain number of vectors to
make the vectors less dense.
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Fig. 4.13 - Speed vectors for Scale = 0.3 and Skip =0 (u[m.s™1])
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Next, we draw the speed profiles with the command "Results / Graphics / Vectors /"
in each cross-section. 4.15 Then the vectors are plotted using the “Display” command,
see Figure 4.16.

n Vectors |G|
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New Surface ,|
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Fig-. 4.14 - Definition of velocity vectors in cross-sections
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Fig. 4.15 - Menu for defining the front view.
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Fig. 4.16 - Speed vectors in individual sections (u[m.s™1])

The evaluation shows that the parabolic velocity profile is gradually formed
along the length of the computational area. In order to achieve the desired shape of
the velocity profile (from the previous solution), the calculation area is short. The
velocity size contours are drawn using the command “Results / Graphics / Contours”,
Fig. 4.15. It is further specified whether the velocity or velocity component or other
variable in the longitudinal section is plotted. Levels define the number of isosurfaces,
check Filled in Options to display filled isocurves, otherwise they are contour lines, the
result is shown in Fig. 4.18.
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Fig. 4.17 - Menu for Creating Filled Isoplases of Velocity
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Fig. 4.18 - Contour velocity magnitude in the computational area (wIm.s™1)

Similarly, the plot of static pressure isocurves of static pressure is set in Fig. 4.19

i ©
[ I BN e

0.00e+00 2.63e-01 5.25e-01 7.88e-01 1.05e+00 1.31e+00 1.58e+00 1.75e+00

Fig. 4.19 - Filled isocurves of static pressure in the computational area Pstat
[Pa]

The next evaluation presents speed profiles in individual sections from the inlet
input to the outlet output with a step of 0.05 m along the length of the computational
area. This illustration is very illustrative if it is necessary to compare the profiles of
guantities at the input, output, or in other sections of the area. Rendering is performed
using the command "Results / Plots / XY Plot / Solution XY Plot". In the Y Axis
Function menu, select Velocity - Velocity Magnitude, and in the X Axis Function
menu, select Direction Vector. Next, in the Plot Direction menu, edit X=0and Y =1
and Z = 0. you can plot dependence on Y, see Figure 4.20 and select the appropriate
slices in the Surfaces menu.
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Fig. 4.20 - Menu for creating velocity profiles

The results show the formation of a velocity profile from a constant velocity at
the inlet input to a parabolic velocity profile at the outlet exit from the area (Fig. 4.21).
Another way to get data is to use the Options-Write to File menu, which exports data
to an external text file. This file is then read and edited in Excel.
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Fig. 4.21 - Formation of speed profile

Another evaluation is the course of static pressure along the length of the
computational area. The static pressure is evaluated in the longitudinal section of the
calculation area, see Figure 4.22.
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Fig. 4.22 - Static pressure profile along the length evaluated in the pipe axis (Pstar
[Pa])
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5 TURBULENT FLOW - WATER FLOW BETWEEN THE PLATES

Example

Solve the flow of water between two infinitely large plates (Fig. 5.1). The physical model
is given by the shape of the area, the type of flow and the hydraulic flow parameters.
Define the numerical calculation in ANSYS Fluent. Use DesignModeler and ANSYS
Meshing to create the computational area (geometry) and mesh.

symmetry

outlet
e

Fig. 5.1 - Area diagram

Water flows into the area at a speed of 1 m.s-1 and exits into the atmosphere, where
the relative pressure is 0 Pa. Area dimensions shown in Tab. 5.1. The problem is given
as a 3D model and represents the flow in a rectangular gap of given length and gap
thickness. The physical properties of the flowing medium are given in Tab. 5.2.

Tab. 5.1 — Geometry area

area length / [m] 0.5
height of the area 5 [m] 0.02
area width b [m] 0.1

Tab. 5.2 — Physical properties of water

density of water p [kg.m™] 998

dynamic viscosity 7 [kg.(m.s)?] 0.001003

Boundary conditions
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VELOCITY INLET is defined on the inlet and the static pressure condition
(PRESSURE-OUTLET) is specified at the outlet. On the walls (top wall, bottom wall)
there is a boundary condition of the WALL type, where zero flow velocity (predefined)
is assumed. Boundary conditions including turbulent conditions are given in Tab. 5.3.

Tab. 5.3 Boundary conditions

Inlet Medium speed U, [m.s'!] 1
Turbulent intensity [%)] 1
Hydraulic diameter [m] 0.02

Outlet Static pressure p [Pa] 0
Turbulent backflow intensity [%0] 1
Hydraulic diameter [m] 0.02

Mathematical model
The choice of mathematical model depends on Reynolds number.
The laminarity criterion is Reynolds number:

Cud 1.002
v 1.10°

The flow is therefore turbulent, but with a low Reynolds number, so RNG k-g€ turbulent
mathematical model will be used.

Re =20000

5.1 5.1 Geometry and mesh

The geometry and mesh will be used from the previous example (laminar flow) by
copying the entire panel in the Workbench environment. Copying is done by the
command "Duplicate", which is invoked by the right mouse button, see Fig. 5.2.
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Fig. 5.2 - Copying of panel by command ,Duplicate “

Then rename the panel to, for example, "turbulent flow between plates” and run
ANSYS Fluent with the "Setup” command to modify the task to turbulent flow between
plates. The other setting remained from the laminar flow task, given only for repeat.
Only the boundary conditions change.

5.2 ANSYS Fluent
Settings in ANSYS Fluent

» Solver Setting Command Setting Up Physics - General / Solver-Type (Pressure-
Based)

» Time-dependent Solution Setting Up Physics - General / Solver-Time (Steady)
Command

* Setting Up Physics Command - General / Solver Gravity (no)
» Setting Up Physics - General / Solver-Units - SI command

Setting Up Physics - Models - Viscous Model - RNG k-epsilon, Scable Wall Functions

Definition of physical properties of fluid

 Setting Up Physics - Materials-Create / Edit Materials - Fluent Database Materials
(select “Material Type” water-liquid and copy with Copy command)

» Setting Up Physics - Zones-Cell Zone Conditions (select Zone (surface_body) and
select material water-liquid)
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Defining boundary conditions

* bottom wall - type wall (Setting Up Physics-Boundaries - define fixed stationary wall,
default setting)

* inlet - type of velocity inlet (define speed according to Table 5.3)
* outlet - type of pressure outlet (define the static pressure according to Table 5.3)

« top wall - type of wall (Setting Up Physics-Boundaries - define fixed stationary wall,
default setting)

Initialization

Subsequently, the current field is initialized; Define initial conditions for the entire
area using the “Solving Initialization-Method (Standard / Options)” command. The
values are defined based on the input boundary condition. Then adjust the stabilization
diagrams according to Fig. 4.8. The iteration calculation is then started. The resulting
residues can be seen in Figure 5.3.
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Fig. 5.3 - The course of residuals

In the next steps the evaluation of this calculation variant will follow in the
transverse planes at distances x = 0.1m, 0.2m, 0.3m and 0.4m and in longitudinal
section through the center of the z-axis area (Fig. 5.4).
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Fig. 5.4 - Created planes for evaluation

Creating transverse planes is described in the previous chapter. Subsequently,
velocity vectors, velocity profiles and filled isocurves can be evaluated. The velocity
vectors are defined in each cell of the computational domain by the command
"Postprocessing / Graphics / Vectors". We use a longitudinal section to evaluate the
vectors. Adjust the settings to Scale = 1 and Skip = 1..

ANSYS

1.15e+00
2019R3

1.12e+00
1.09e+00

ACADEMIC

| 103830~
| L101e00 "M
297TeQl A R
Y- W T
9270l B A - 1
\i.gée-m b e W
. 8.65&01{» - - - e 4 A *\
8.37e-01 & ~a
8.09¢-01 s
7.81e-01
7.53¢-01
7.25e-01
6.97e-01
6.69e-01
6.41e-01
6.13e-01
5.85e-01

Fig. 5.5 - Speed vectors for Scale = 1 and Skip =1 (u[m.s™1])
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Min (m/s) Max (m/s)
Style
0.5864273 1.145277
arrow
= i Surfaces |Filter Text 5= %| '=x|
3 1 - ! 2 2
outlet -
Vector Dpt'lons...| podelny-rez
I symetry I
Custom ‘u‘ectors...| top_wall
- x-0.1m
¥-(1.2m -

New Surface ,|

[Cﬂmpute | [Close | [Help |

Fig. 5.6 - Menu for evaluation of velocity vectors in individual cross-sections
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obr. 5.1 — Vektory rychlosti v jednotlivych fezech (u[m.s~1])

The evaluation shows that the turbulent velocity profile is gradually formed along
the length of the computational area. The longitudinal section of the velocity magnitude
is shown in Fig. 5.8 and is drawn with the command ,Postprocessing / Graphics /

Contours*.
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0.00e+00 1.70e-01 341e- 5.11e-01 6.81e-01 8.52e-01 1.02e+00 1.14e+00

Fig. 5.8 - Contour velocities in the computational area (u[m.s™1])

Similarly, the isocurves of static pressure in Figure 5.9 and the effective viscosity of
Figure 5.10 are plotted.

s
N W .
."Xr-
7
=

0.00e+00 2.3%e+01 4.77e+01 7.16e+01 9.54e+01 1.19e+02 1.43e+02 1.59e+02

Fig. 5.9 - Filled static pressure lines in the computational area Pstar [Pa]
— |
I — ().

1.82e-03 9.08e-03 1.63e-02 2.36e-02 3.08e-02 3.81e-02 4.54e-02 5.02e-02

Fig. 5.10 - Filled isolines of effective viscosity

Further evaluation presents velocity profiles in individual cross-sections, see
Fig. 5.11 by graph. Rendering is done using the command "Postprocessing / Plots /
XY Plot / Solution XY Plot". Select Velocity- Velocity Magnitude in the Y Axis
Function menu and Direction Vector in the X Axis Function menu. Next, in the Plot
Direction menu, edit X =0 and Y = 1. we want to plot the dependence on Y and in the
Surfaces menu select the appropriate slices.
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Fig. 5.11 - Formation of the speed profile

Another evaluation is the course of static pressure along the length of the
computational area. The static pressure is evaluated along the axis of the calculation
area, see Figure 5.12.

® podelny-rez AI
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1.40e+02
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Fig. 5.12 The course of static pressure along the length evaluated in the pipe
axis ([Pa])
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6 SAMPLE EXAMPLE SOLUTION - CO-CURRENT EXCHANGER

Create a mathematical model of the co-current exchanger and perform a three-
dimensional (3D) numerical simulation. The flowing fluids in the exchanger are water-
air combinations. The co-current exchanger model is shown in Fig. 6.1. Define
individual areas and parameters according to the specified boundary conditions and
graphically evaluate the results.

Interior air

Interior water
H1

A
A4

Outlet water
QOutlet air

" Inlet water
Inlet air Wall outer

Wall inner

Fig. 6.1 - Co-current exchanger in 3D design.

Tab. 6.1 — Area dimensions

HL 05 m
D1 0.04 m
D2 0.08 m

In a given area, which is a co-current cooler, liquid-water flows in the center and
air flows around. The walls are made of steel pipes of different diameters.

Tab. 6.2 — Physical properties of material (steel, water, air) at 300 K

Material Steel Water Air
density p 8030 998.2 1.225 [kg.m3]
specific heat capacity ¢, 502.48 4182 1006.43 [J.kg 1K1
thermal conductivity 4 16.27 0.6 0.0242 [W.mtKY
viscosity n 0.001003 0.000017894 [kg.m1s?]
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Tab. 6.3 — Boundary conditions

Inlet | Outlet | Outlet Wall Wall
Inlet air _ _
water air water inner | outer
temperature T 300 363.15 300 K]
velocity u 3 0.3 [m.s]
pressure p 0 0 [Pa]
intensity of
1 1 1 1 [%0]
turbulence |
hydraulic
. 0.02 0.04 0.02 0.04 [m]
diameter dp

Next, consider the thickness of the inner wall and the outer wall 003m. Wall material
consider steel.

6.1 6.1 Mathematical model and theoretical-empirical estimation of the
problem

In this task turbulent flow occurs, so the mathematical model of RNG is used k-
€. The criterion of turbulence is the Reynolds number.

Re for water flow:

__vdy _ 0.3-0.04

Revoda —T = m = 12000 (61)
Re for air flow:
-d 3-0.02
Reyzaucn :vTh = Taee—vs ~ 1323 (6.2)

The calculation of the Nusselt number and the heat transfer coefficient is based
on empirical relations, which are described in detail in the literature [2]. In the next step,
only the analytical calculation is performed, which will be compared with the numerical
calculation. From the given parameters itis possible to calculate the above parameters
of flow and heat transfer (Reynolds number is calculated from the maximum speed).
The estimation of Nusselt's number is problematic and is only indicative. This estimate
is followed by the calculation of the wall heat transfer coefficient determined from the

Nusselt number ¢ = N:'/l [2].

Calculation of the Nusselt number for the area of water flow in a pipe:

_p-Cyv 998.2-4182-1.01e -6
A 0.6

Nu = 0,023 - Re%8. pr03

Pr =6.99 (6.3)
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Nu = 0.023 - 12000°8 - 6.99°3 = 75.5 (6.4)

Then the heat transfer coefficient is

a="2.2=506=11326 W.m 2K (6.5)

dy, T 0.04

Calculation of the Nusselt number for the area of air flow around a pipe:

__pcpVv _ 1.225-1006.43-1.46e—5

pr =24 . = 0.707 (6.6)
Nu = 0.023 - Re%8. pr04
Nu = 0.023 - 4323%8.0.707% = 16.79 (6.7)

Then the heat transfer coefficient is

a="t. =27 00242 =203 W.m 2.K1 (6.8)
dy 0.02

6.2 6.2 Geometry creation

Run the ANSYS 2019 R3 program as per chap. 3.1. Name the newly created
panel, for example, heat exchanger. Then save the entire project under any name and
run the DesignModeler geometry program.

To create the geometry use the detailed instructions in chap. 3.2, because the
resulting co-current exchanger model is a 3D model similar to a 3D rod model. The co-
flow exchanger model represents two areas (interior water, interior air). Fig. 6.1.
These are therefore two cylinders that we must subtract from each other. You create
the regions identically using Create / Primitives / Cylinder as in the example of the
conduction heat in a rod. The final appearance of the interior water area created by the
Cylinder including the dimensions is shown in Figure 6.2.

Details View 1
=I| Details of water
Cylinder water
Base Plane X¥Plane
Operation Add Frozen
Origin Definition Coordinates
FD3, Origin X Coordinate O'm
FD4, Origin ¥ Coordinate Om
FDS, Origin Z Coordinate |0 m
Axis Definition Components
FDE, Axis X Component | 0.5m
FD7, Axis ¥ Component | O'm
FD8, Axis Z Component  Om
FD10, Radius (>0) 0.02m
As Thin/3urface? No

Fig. 6.2 - Creating an interior water area ("Cylinder“)

The final appearance of the interior air created by the cylinder (cylinder) including
the dimensions is shown in Fig. 6.3.
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s M INIET_BIF ~
d 1

Sketching  Modeling

Details View L3
<| Details of air
Cylinder air
Base Plane XYPlane
Operation Add Frozen
Origin Definition Coordinates
FD3, Origin X Coordinate (O m
FD4, Crigin ¥ Coordinate (O m
FDS, Origin Z Coordinate |0 m
Axis Definition Components

FD6, Axis X Component |0.5m
FD7, Axis ¥ Component om
FD8, Axis Z Component (Om
FD10, Radius (>0) 0.04 m
As Thin/Surface? No

Fig. 6.3 - Creating an interior air area ("Cylinder*)

In the case of two areas to be separate volumes, you must define the Add Frozen item
in the Operation tools. This will not merge faces.

Now you need to subtract the cylinders from each other by Boolean operations using
the “Create / Boolean / Operation-Subtract” command. Select air area as target
points and water area as tool points. Select Preserve Tool Body to preserve the water
area. Clicking Generate creates two separate volumes for the water area and the air
area.

The last operation is to merge volumes into one unit, ie. New part. By merging the
volumes into one unit, the continuity of the computer network between individual areas
will be preserved. You can get the command by selecting both volumes in the 2 Parts,
2 Bodies tab and right-clicking on the “Form New Part” menu, see Figure 6.4.

Tree Outline
[--/l88] A: Fluid Flow (Fluent)

EJG 2 Parts, 2 Bodies

- @F
[ Q Hide Body (F9)

Q Hide All Other Bodies (Ctrl+ F9)
Suppress Body
o8
Suppress Solid Bodies
'.} Generate (F3)

ab Rename Bodies

Fig. 6.4 - Merging volumes into one unit ("Form New Part“)
The final form of the “Form New Part” command is shown in Figure 6.5.
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Tree Qutline
E---‘,@ A: Fluid Flow (Fluent)
iy XVPlane
'/;'. Z¥Plane
oy ifn VZPlane
o @ water
ey B air
.., @ Boolean2
E'/e 1Part, 2 Bodies
E"'vﬂ_g Part
fy L water

ey B i

A

Fig. 6.5 - The final form of the “Form New Part*“

0300(m)

0150

In the next phase, name the boundary conditions as described in Figure 6.1 (inlet air,
inlet water, outlet air, outlet water, wall inner, wall outer). The naming of the
boundary conditions is done using the “Named Selection” command with Face mode
(3.2). The resulting marking and naming of all boundary conditions can be seen in
Figure 6.6. In addition to the boundary conditions on the walls, the model contains two
areas of interiors (volumes) that need to be defined (interior_air and interior_water).

o —

....... . ;1_ ¥Plane
....... » ;1_ Z¥Plane
....... 7= YZPlane

------- » @ water
....... . a air

....... v h Boolean?
....... AT inlet_water

....... T inlet_air

....... B0 wall_outer
....... D outlet_water
....... T outlet_air

....... T wall_inner
....... ED interior_air
....... D interior_water

Eﬂ""«ﬁ 1 Part, 2 Bodies

Fig. 6.6 - Marking of boundary conditions

This completes the coil flow model in DesignModeller.
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6.3 6.3 Creation of mesh

Now you can switch to the mesh in ANSYS Meshing. The procedure for starting the
program is described in chap. 3.3. Use the same tools as shown in Chap. 3.3. Create
a mesh with interior water and interior air boundary layers towards the wall inner and
wall outer.

To create a computational network in this form, you will use network compaction
(create only at the front of both cylinders) and sweep. These are therefore the same
operations as used to create the computer network in the example of heat conduction
in arod. In the Details of Mesh panel, redefine the element size for Element Size to
4 mm, Max Size to 10 mm.

Details of "Mesh" * 1 Ox
-1| Display Y

Display Style Use Geometry Setting
-| Defaults
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
Element Size 4, mm

Export Format Standard
Export Preview Surface Mesh | Mo

-|| Sizing
Use Adaptive Sizing Mo
Growth Rate Default {1,2)
Max Size 10, mm
Mesh Defeaturing Yes
Defeature Size Default [2,2-002 mm)
Capture Curvature Yes

Curvature Min 5ize Default (4,2-002 mm)

Curvature Mormal Angle | Default (18,7

Capture Proximity Mo

Bounding Box Diagonal 512,64 mm
Average Surface Area 37287 mm®
Minimum Edge Length 125,66 mm

Quality
Check Mesh Quality

Yes, Errors

Fig. 6.7 - Defining element size

Defining Inflation Parameters

Then define the compaction mesh parameters. The number of densified layers (cells),
the growth factor characterizing the gradual reduction of the cell size towards the
boundary, the reduction ratio of the last cell of the densified area. Define two areas of
densification into each area (interior water, interior air) towards the wall inner.

Number of boundary layer layers (cells)
- Growth factor - 1,2

- Factor characterizing gradual cell size reduction - 0.272
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Inflation parameters towards wall inner for interior water and interior air are shown in
Figure 6.8 and Figure 6.9.

Details of "Inflation 2" - Inflation oo

[=l| Scope
Scoping Method Geometry Selection
Geometry 1 Face
[=| Definition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundary 1 Edge
Inflation Option Smooth Transition |
Transition Ratio Default [0,272)
Paximum Layers ]
Growth Rate 1,2 /L
Inflation Algorithm Fre [ E— : :

0053

Fig. 6.8 - Compression parameters for the interior water area

Details of "Inflation” - Inflation oo

[=I| Scope
Scoping Method Geometry Selection
Geometry 1 Face
[=| Definition
Suppressed Mo
Boundary Scoping Method | Geometry Selection
Boundary 2 Edges
Inflation Option Smooth Transition
Transition Ratio Default (0,272)
haximum Layers 5]
Growth Rate 1,2 ‘/I\‘
Inflation Algorithm Pre [ m— 8 ’

0.053

Fig. 6.9 - Compression parameters for the interior air area

Now insert the “Sweep” method (for settings, see chapter 3.3) and thereby pull the
surface mesh into volume.

To generate a computer network, use the Generate Mesh command. The resulting
form of the mesh is shown in Figure 6.10.
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ANSYS

2019 R3
ACADEMIC

Fig. 6.10 - The resulting form of the mesh

6.4 ANSYS FLUENT

You run the ANSYS FLUENT 2019 R3 in a similar way as in the example of heat
conduction in a rod.

After successfully loading the computer network into ANSYS Fluent 2019 R3, check:

* units of mesh size with the command "Domain / Mesh / Scale"
* number of network cells with the command “Domain / Mesh / Info / Size”

» the existence of negative volumes in the mesh using the "Domain / Mesh /
Check" command

» Mesh by displaying all boundaries (boundary conditions) and all areas with the
command "Domain / Mesh / Display"

When checking the mesh with the "Domain / Mesh / Display" command, all boundary
conditions are named as defined in ANSYSMeshing. Except for one newly created
boundary condition wall _inner-shadow. Which represents the same boundary
condition as wall_inner. A new boundary condition wall_inner-shadow was created
(Fig. 6.11), which together with the wall_inner condition defines a so-called two-layer
wall, where one is part of the interior water area and the other is part of the interior air
area. This type of boundary condition offers the definition of additional options at the
transition between the two regions.
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n Mesh Display X

Options Edge Type . X '
Nodes o all Surfaces |Filter Text = | _=| = | = |
| Edges Feature inlet_air
' Faces Qutline inlet_water
Partitions outlet_air
outlet_water
Overset 5
wall_inner
Shrink Factor Feature Angle iwall_inner-shadow
wall_outer

0

20
Dutlinel _Interior]

lAdjal:enc:y...] lHew Surface |
[Cnlors... | [Clc—se | [Help |

Fig. 6.11 - Checking boundary conditions

Use the following mathematical model settings:

* Time-stable flow

* Turbulent k-¢ RNG flow model for water and air
» Without considering gravity acceleration

» Consider heat transfer (energy equation)

» Define constant physical properties of water and air (copy materials from Fluent
library)

Within the "General” command, define "Solver" of the "Pressure-Based" type. Steady
flow. Do not consider gravity acceleration. The setting of the “General” command is
shown in Fig. 6.12.

Task Page £

General @|

Mesh

[ Scale... H Check :|[Rep0r‘tQuaIity:|

[ Display... H Units... |

Solver
Type Velocity Formulation
® Pressure-Based ® Absolute
Density-Based Relative
Time
® Steady
Transient
Gravity

Fig. 6.12 - Command ,General “
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Another command is Models (“Physics / Define / Models”), where the physical nature
of the task is defined, ie Energy flow and the turbulent k-¢ RNG model of Viscous flow
together with the Scable Wall Functions, see Figure 6.13.

n Viscous Model ﬁ
Model Model Constants
Tnviscid Cmu
Laminar 0.0845
Spalart-Allmaras (1 eqn) C1-Epsilon
®) k-epsilon (2 eqgn) 1.42
k-omega (2 eqn) C2-Epsilon
Transition k-kl-omega (3 eqn) 1.68
Transition SST (4 eqn) Wall Prandtl Mumber
Reynolds Stress (7 eqn) =

Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation [DES)
Large Eddy Simulation (LES)

k-epsilon Model
Standard
% RNG
Realizable
RNG Options User-Defined Functions
Differential Viscosity Model Turbulent Viscosity
Swirl Dominated Flow . —
Near-Wall Treatment Prandtl Numbers
Standard Wall Functions Wall Prandt! Number
®) Scalable Wall Functions none M

Non-Equilibrium Wall Functions
Enhanced Wall Treatment
Menter-Lechner

User-Defined Wall Functions

Options
| Viscous Heating
Curvature Correction

Production Kato-Launder
Production Limiter

B3 (cancel] (vew)

Fig. 6.13 - Setting the mathematical model of the solved problem

To define the material, use the Materials command ("Physics / Materials / Create /
Edit Materials"™). Analogous to the heat conduction in a rod, select the materials:
water, air, steel to be copied from the ANSYS Fluent database. These are fluid and
solid materials, and define a constant physical property for all materials. The resulting
form of material supply is shown in Figure 6.14.
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Task Page B Creste/Edit Materials X

. Name Material Type Order Materials by
steel solid v | @ Name
Materials Chemical Formula Fluent Solid Materials Chemical Eormula

Fluid sleel Fluent Database... ‘
water-liquid Mixture
air - | |User-Defined Database...

none — —— =)
Solid

steel Properties

aluminum Density (kg/m3) constant ~ || Edit...
8030
Cp (Specific Heat) (j/kg-k) constant ~* | Edit...
502.43
Thermal Conductivity (w/m-k} constant * || Edit...

16.27

Change/ Create| _Delete_‘ Hilp|

Fig. 6.14 - Required materials for the mathematical model

To define the flowing fluid into the area, use the "Physics / Cell Zone Conditions™"
command. In this case we have two areas (interior water, interior air). Define water
in the interior water area, and define air in the interior air area, as shown in Figure
6.15.

Task Page B Fid x

Zone Name
interior_water

Material Mame | water-liquid - Edit...|

Frame Motion 3D Fan Zone Source Terms

Cell Zone Conditions

Zone |Filter Text

interior_air

interior_water Mesh Mation Laminar Zone Fixed Values

Porous Zone

Reference Frame Mesh Motion Porous Zone 3DFanZone | Embedded LES | Reaction Source Terms Fixed Values Multiphase

Rotation-Axis Origin Rotation-Axis Direction

*(m) o v X0 >
Y(m)o * || Yo =
Z(mo * |2 =

m Cancel | @‘

Task Page B Fluid *
. Zone Mame
Cell Zone Conditions interior_air
Material Name | air = Edit...‘
Zone |Filter Text
Frame Motion 3D Fan Zone Source Terms
interior_air N
interior_water Mesh Motion Laminar Zone Fixed Values
Porous Zone

Reference Frame | Mesh Motion | Porous Zone 3D FanZone | Embedded LES Reaction Source Terms Fixed Values Multiphase

Rotation-Axis Origin Rotation-Axis Direction

*(m)a v X0 <
Y{m)o v Yo >
Z(m)o v Ia -

B o ()

Fig. 6.15 - Defining flow media to given areas

Use the "Physics / Boundary Conditions" command to define boundary conditions.
The conditions may be of different types depending on the characteristics of the
physical model. The list of conditions is apparent from Tab. 6.4.
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Tab. 6.4 — Types of individual boundary conditions

Okrajova podminka Typ okrajové podminky
inlet water VELOCITY INLET
inlet air VELOCITY INLET
outlet water PRESSURE OUTLET
outlet air PRESSURE OUTLET
wall inner WALL

wall outer WALL

interior water INTERIOR
interior air INTERIOR

Parameters on individual boundary conditions correspond to the input according to
Tab. 6.3. The setting of boundary conditions is shown in the following figures.

B velocity Inlet X || B velocity Inlet
Zone Name Zone Name
inlet_water inlet_water
Momentum Thermal Radiation Spedies DFM Multiphase Potential upns Momentum Thermal Radiation 5
Velocity Specification Method Magnitude, Normal to Boundary - Temperature (k]|353_15|
Reference Frame Absolute v
Velocity Magnitude (m/s) 0.3 -
Supersonic/Initial Gauge Pressure (pascal) g -
Turbulence
Specification Method | Intensity and Hydraulic Diameter v
Turbulent Intensity (%) 1 v
Hydraulic Diameter (m]|g_g4| -
a Canl:el| Help ‘ a

Fig. 6.16 - Parameters of boundary condition inlet water

n\felncwty\nlet x n\l’e\ucitylnlet
Zone Name Zone Name
inlet_air inlet_air
Momentum | Thermal Radiation Spedes DPM Multiphase Potential ups Momentum | Thermal Radiation | Spe
Velocity Specification Method | Magnitude, Normal to Boundary i Temperature (k) 300
Reference Frame  Absolute g
Velocity Magnitude (m/s) 3 -
Supersonic/Initial Gauge Pressure (pascal) p -
Turbulence
Specification Method Intensity and Hydraulic Diameter -
Turbulent Intensity (%) 1 -
Hydraulic Diameter (m)|0.02] | =
a Cancel | [FIM a

Fig. 6.17 - Parameters of boundary condition inlet air
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n Pressure Outlet

Zone Name
outlet_water

Momentum Thermal Radiation Species DPM Multiphase Potential

Backflow Reference Frame Absolute
Gauge Pressure (pascal) g
Pressure Profile Multiplier| 1
Backflow Direction Specification Method Normal to Boundary
Backflow Pressure Specification| Total Pressure
Prevent Reverse Flow
Radial Equilibrium Pressure Distribution
Average Pressure Specification
Target Mass Flow Rate
Turbulence
Specification Method Intensity and Hydraulic Diameter
Backflow Turbulent Intensity (%) 1

B Pressure Outlet

x
Zone Name
outlet_water
uDs Momentum Thermal Radiation Species DR
= Backflow Total Temperature (k) 363
-
-
-
-

Backflow Hydraulic Diameter [m]\'g_n-ﬂ

m Cancel| @|

0 (o |

Fig. 6.18 - Parameters of boundary condition outlet water

n Pressure Outlet

Zone Name
outlet_air

Momentum Thermal Radiation Spedes DPM Multiphase

Backflow Reference Frame Absolute
Gauge Pressure (pascal) g
Pressure Profile Multiplier| 1
Backflow Direction Specification Method Normal to Boundary
Backflow Pressure Specification Total Pressure
Prevent Reverse Flow
Radial Equilibrium Pressure Distribution
Average Pressure Specification
Target Mass Flow Rate
Turbulence
Specification Method | Intensity and Hydraulic Diameter
Backflow Turbulent Intensity (%) 1

Potential

ups

Backflow Hydraulic Diameter [m]|g_02|

a Cancel | @|

” =
X n Pressure Qutlet -
Zone Name
[outlet_air
Momentum Thermal Radiation Spedies D
M Backflow Total Temperature (k) 300
-
-
-
-
ﬂ Cancel | |

Fig. 6.19 - Parameters of boundary condition outlet air
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Task Page B wa X
Boundary Conditions FonelName
wall_inner
Adjacent Cell Zone
Zone |Filter Text interior_water
inlet_air Shadow Face Zone
inlet_water wall_inner-shadow
interior-interior_air ) ) ) : )
. S . Momentum Thermal Radiation Spedes DPM Multiphase ups wall Film Potential Structure
interior-interior_water
outlet air Thermal Conditions
outlet_water Wall Thick
wall_inner Heat Flux all Thickness (m)[0.003) | =
wall_inner-shadow Temperature Heat Generation Rate (w/m3) /g v
wall_outer e Coupled
Shell Conduction |1 Layer Edit...
Material Name §
<teel - ||Edit...|
a Canl:el| Help|
Fig. 6.20 - Parameters of boundary condition wall inner
Task Page B wal ®
Zone Name
Boundary Conditions wall_inner-shadow
Adjacent Cell Zone
Zone |Filter Text Interior_air
; ] Shadow Face Zone
inlet_air i
inlet_water WaTRINnE,
interior-interior_air Momentum Thermal Radiation Species DPM Multiphase uDs wall Film Potential Structure
interior-interior_water
outlet_air Thermal Conditions
outlet water Heat Flux wall Thickness (m)| 0,003 v
wall_inner
wall_inner-shadow Temperature Heat Generation Rate (w/m3) g -
wall_outer @ Coupled
Shell Conduction 1 Layer Edit...

Material Hame
steel

- | [edit...

m Cancel ‘ @‘

Fig. 6.21 - Parameters of boundary condition wall inner-shadow
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Bl wan =

Zone Name

wall_outer
Adjacent Cell Zone

interior_air
Momentum Thermal Radiation Species DPM Multiphase uDs Wall Film Potential Structure
Thermal Conditions
Heat Flux Temperature (k) 300 -
¢/ Temperature Wall Thickness (m) 0,003 -
Convection ]
Radiation Heat Generation Rate (w/m3) o -
Mixed

Shell Conduction |1 Layer Edit...
via System Coupling

via Mapped Interface

Material Name

cteel S _Edit...]

B o) oo

Fig. 6.22 - Parameters of boundary condition wall outer

The calculation area is then initialized ("Solving-Initialization-Method (Standard /
Options)"). defining initial conditions for the whole area. In the first step, define the

initial conditions (zero values, minimum temperature) based on the parameters in
the inlet_air boundary condition.
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Solution Initialization [@|

Initialization Methods
Hybrid Initialization
@ Standard Initialization
Compute from
inlet_air v
Reference Frame
Relative to Cell Zone
® Absolute

Initial Values
Gauge Pressure (pascal)
0
X Velocity (m/'s)
0
Y Velocity (m/s)
0
Z Velocity (m/s)
3
Turbulent Kinetic Energy (m2/s2)
0.00135
Turbulent Dissipation Rate (m2/s3)
0.00555284

Temnerature (k)

[Intiaize | E| Patch...

Fig. 6.23 - Initialization of the computation area (,,Solution Initialization*)

In the second step, define the initial temperature value T = 363K for the entire
interior_water using the Patch command in the same window (Fig. 6.24) to speed up
the numerical calculation.

Reference Frame &,
Relative to Cell Zone ( —
B Patch =50
@ Absolute
Reference Frame Value (k) o a
Initial Values ® Relative to Cell Zone 363 Zones to Patch |Filter Text '=O | [:
Gauge Pressure (pascal) Vel — - —
Al
0 Use Field Function :|_nter|_cr_a|r
dinterior_ water
X Velocity (m/s :
Y (m/s) ariable Field Function
0 Pressure
Y Velocity (m/s) X Velocity
¥ Velocity
0 lodity )
) Z Velocity Registers to Patch [0/0] =
Z Velocity (m/s) Temperature :
3 Turbulent Kinetic Energy
o Turbulent Dissipation Rate
Turbulent Kinetic Energy (m2/s2)
0.00135 -
Turbulent Dissipation Rate (m2/s3) . ] »
0.00555284 - -
Temnerature (k) | Pa—tCh| IOSE HL":)|

| mitaize| @| [Paten.. B L

Setting inlet water (mixture) ... Done.
Reset DPM Sources  Reset Statistics Setting inlet air (mixture) ... Done.
Setting wall outer (mixture) ... Done.

Fig. 6.24 - Initialization of water flow area by command Patch

Then run the numerical calculation using the “Run Calculation” command. The first
check of the calculation is the monitoring of residuals (relative errors). Once the
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residual values are below 0.001 for all variables and 0.000001 for temperature, it is
guaranteed that the calculation has converged numerically. How real the results are,
ie whether the result is not deformed by random errors in the selection of materials or
boundary conditions, is a question of evaluating all calculated quantities. The course
of residuals is shown in Fig. 6.25 - The course of residuals.

Residuals

— continuity
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energy
—
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Fig. 6.25 - The course of residuals

120

For the evaluation it is necessary to create a longitudinal section of the area using the
command “Results / Surface / Create / Iso-Surface”. In this section, subsequently
evaluate the graphic outputs. The setting of the longitudinal section through the water
flow area is shown in Fig. 6.26. Similarly, we create a section of the interior-air area,
with the difference that in the From Zones item select interior_air.

n lso-Surface
New Surface Mame
rez-podelny-water
Surface of Constant
Mesh...

¥-Coordinate
Min (m})
-0.03995027
Iso-Values (m)

0

(<]

Max (m)
0.04

>

From Surface |Filter Text

rez-podelny
rez-podelny-air
rez-podelny-water
wall_inner
wall_inner-shadow
wall outer

From Zones |Filter Text

interior_air

*

3

<

{interior_water

| Compute | | Close | |:Help |

Fig. 6.26 - Creating a longitudinal section in the interior water area
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The resulting section is shown in Figure 6.27.

Fig. 6.27— Longitudinal section through the center of the computing area

To evaluate the velocity vectors defined in each cell of the computation area, use the
"Results / Graphics / Vectors /" command to adjust the value of the "Scale"
parameter. Define a new value for the "Scale = 0.5" parameter, see Figure 6.28.

e
Run Calculation @) ANSYS
: 2019R3
IOl Vectors X |y ACADEMIC
Vector Name -
vector-2 ‘ 9
Options Vectors of = ctorz
Veloay Magritude
Global Range Velocity -l
Tt o ) | g sereen
Clip to Range Velociy... 3| & 308e100
V| Auto Scale |® 277000
Draw Mesh Velocity Magnitude ] 2450400
o Min (mfs) Max (m/s) = 2 13m0
3
0.2049839 3.410008
arrow - 181000
=== 1492000
ol RSk Surfaces (Filter Text BIEIEIE []4 o
0.5 0 : = -
outlet_water il s 5001
Vector Options...|  rez-podelny ®
——————  rer-podelny-air I £ 525201
Custom Vectors...|  rez-podelny-water . 205801
" vallim (s
, wall inner-shaclow. A mj
Colormap Options...
New Surface | ‘E 3
EOLETS | compute | [close | [ Help | [’ /f’
- <~

Fig. 6.28 - Velocity vectors (u[m.s™1])

The course of static pressure in the longitudinal section in the solved areas (interior
water, interior air) can be displayed using the filled out “Results / Graphics /
Contours” contours, see Fig. 6.29.
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Fig. 6.29 - Static pressure contours (Pa)
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The static pressure curve can also be displayed using a 2D graph with the command
‘Results / Plots / XY Plot / Solution XY Plot” in individual areas (interior water,
interior air). The subsequent plot of the pressure curve with the command “Results /
Plots / XY Plot / Solution XY Plot” in the individual areas is shown in Figure 6.30.
The results can be distorted into one graph.

Task Page

Run Calculation

Check Case...

Deotuda Transient Sottina:

| |update Dynamic Mesh...

1.80e+01 —
1

Bl solution XY Plot

1.60e+01 —|

Plot Direction Y Axis Function

x[o Pressure...

e Static Pr

i atic Pressure
X Axis Function

Direction Vector

inlet_water

E‘ El E‘ Load File...
——— outletair

FreeData | oupie

m Axes... | | curves... | clnse\@\

Surfaces |Filter Text

RIE=E

1.40e+01 —|
1.20e+01 —

1.00e+01 —

Static
Pressure
(pascal)

8.00e+00 —
6.00e+00 —|
4.00e+00 —

2.00e+00

Static Pressure

0.00e+00 T
0 0.05

0.1

0.15

0.2 0.25 03
Position (m)

035

0.4

0.45 0.5

Fig. 6.30 - Progression of static pressure along length in area interior water and
interior air

Further evaluations are the longitudinal section contour velocities using the filled in
‘Results / Graphics / Contours” contours, see Figure 6.31.
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Fig. 6.31 - Velocity contours [m/s]

ANSYS

2019 R3
ACADEMIC

A

The graph of effective viscosity using filled out “Results / Graphics / Contours” contours

is shown in Fig. 6.32.

contour-1
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Fig. 6.32 - Effective viscosity [kg.m™*.s]
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2019 R3
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The evaluation of the temperature field using the filled in “Results / Graphics /
Contours” contours is shown in Figure 6.33.

93



contour-1
Static Temparatura

3.63=+02
3572402
3.51e+02
3.44e+02
3382402
3.322+02
3252402
3 18e+02
3.13e+02
3.06e+02

3002402
[kl

n Contours
Contour Name
contour-1
Options Contours of
| Filled Temperature...

¥ Node Values

Static Temperature
Contour Lines

Min (k) Max (k)

Global Range
300 363.15
| Auto Range z =

Clip to Range
- Surfaces |Filter Text
Draw Profiles
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Fig. 6.33 - Temperature field [K]
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The heat flow through the wall inner (wall inner-shadow) can be evaluated by the
command “Results / Plots / XY Plot / Solution XY Plot”, see Figure 6.35. The
interface wall is divided into two walls (wall inner and wall inner-shadow), one acting
as an interface for water and the other as an interface for air. Their exact designation
is related to the subsequent evaluation of the heat transfer coefficient and the Nusselt
number. To determine exactly which wall is part of a given flow area, use the "Physics
| Zones / Boundary Conditions"” command. Subsequent editing eg wall inner it is
stated that the wall is adjacent to the surrounding area (Adjacent Cell Zone) - interior
_water, ie. with water, see Fig. 6.34. In the case of wall_inner-shadow it will be the
opposite (the wall is adjacent to the air area)).

Task Page

Boundary Conditions

Zone |Filter Text

inlet_air

inlet_water
interior-interior_air
interior-interior_water
outlet_air
outlet_water
wall_inner
wall_inner-shadow
wall_outer

B wai

Zone Name
wall_inner
Adjacent Cell Zone
interior_water
Shadow Face Zone
wall_inner-shadow

Momentum Thermal Radiation Species DPM Multiphase ups Wall Film
Wall Motion Motion
®) Stationary Wall | V| Relative to Adjacent Cell Zone
Moving Wall

Shear Condition
®) Mo Slip
Specified Shear
Specularity Coefficient
Marangoni Stress
Wall Roughness
Roughness Height (m)|g

Roughness Constant 0.5

a | Cancel | @|

Potential

Structure

Fig. 6.34 - Identification of the wall inner adjacent to the surrounding water
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The evaluation of the Total Surface Heat Flux through the wall inside and inside wall
with the “Results / Plots / XY Plot / Solution XY Plot” command is shown in Figure

6.35..
" |Al Solution XY Plot P
Options Plot Direction Y Axis Function
| Node Values X0 Wall Fluxes... -
iti i Y0
¥ Fosition on X s Total Surface Heat Flux hd
Position on Y Axis Z|1 . .
Wrrite to File X Axis Function
Order Points Direction Vector -
| — (= [= | Surfaces Filter Text E| E| E| E|
File Data S e ﬁ - o) T ) 12X
e ———— _Load F'IE'"] rez-podelny a
rez-padelny-air
Free Data rez-podelny-water
wall_inner
wall_inner-shadow
wall_outer -
New Surface |
m [Axes... | [Curves... | [Close| [Help|
A
1.25e+03 E
1.00e+03
7.50e+02
5.00e+02
®  wall_inner
2.50e+02
® wall_inner-shadow
Total 0.00e+00
surface
Heat -2.50e+02 ]
Flux 3
-5.00e+02 —
(W/m2) ]
7.50e+02
-1.00e+03
-1.25e+03 3 T T T T T T T T T 1

o

0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5
Position (m)

Fig. 6.35 - Heat flow (W / m?) through the wall inner (wall inner-shadow)

By analogy, the heat flow on the walls can be evaluated using the filled out “Results /
Graphics / Contours” contours“ (Chyba! Nenalezen zdroj odkaz.).
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Fig. 6.37 - Heat flow (W / m?) through the wall inner-shadow)
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Furthermore, the evaluation focuses on the heat transfer coefficients a and the
Nusselt number Nu into water and air, while it is necessary to define reference values

Evaluation for water

First, define the reference values according to the inlet water with the command
‘Results / Reporst / Reference Values”. Under "Compute from", select inlet water.
In the “Reference Values” menu, specify the “Temperature” and the “Lenght” - (Tref
=363.15 K, dh = 0.04 m), see Figure 6.38.

Reference Values |§|

Compute from
inlet_water -

Reference Values

Area (m2) 1
Density (kg/m3) 998,
Enthalpy (j/kg) 0O
Length (m) 0.04
Pressure (pascal) 0
Temperature (k) 363.15
)0

Velocity (m/s
Viscosity (kg/m-s) 0.001003
Ratio of Specific Heats 1.4

Reference Zone

interior_water -

Fig. 6.38 - Reference values for evaluation into the water for the wall wall inner

Evaluation of the surface heat transfer coefficient a from the water side to the wall
inner is carried out with the command “Results / Plots / XY Plot / Solution XY Plot”,
see Figure 6.39.
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Fig. 6.39 - Heat transfer coefficient through the interface wall (wall inner) [W.m2.K™]

Analogously, the heat transfer coefficients on the wall can be evaluated using the filled
out “Results / Graphics / Contours” contours (obr. 6.1).

B Heat Ex n e b - 52 525 Information...
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obr. 6.1 — Heat transfer coefficient through interface wall (wall inner) [W.m2.K] by
contours

Subsequently, the Nusselt number on the wall inner can be evaluated. First check
the reference values with the command "Results / Reporst / Reference Values™
(Temperature -Tref = 363.15 K and Lenght - dh = 0.04 m. Then draw the Nusselt
number with the command "Results / Plots / XY Plot“ (Chyba! Nenalezen zdroj o
dkaza.).
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Fig. 6.41 - Nusselt number evaluated on the interface wall (wall inner)

The Nusselt number can be evaluated using the filled out “Results / Graphics /
Contours” contours“ (Chyba! Nenalezen zdroj odkazu.).

Fig. 6.42 - Nusselt number evaluated on the interface wall (wall inner)
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Evaluation for air

Next we evaluate the surface heat transfer coefficient a and the wall inner-shadow
Nusselt number Nu by the command “Results / Plots / XY Plot / Solution XY Plot”.
First, define the reference values according to the inlet air with the command “Results
| Reporst / Reference Values”. Under "Compute from", select inlet air. In the
‘Reference Values” menu, specify the “Temperature” and the “Length” (Tref = 300
K, dh = 0.02 m), as shown in Figure 6.43.

Reference Values |§|

Compute from
inlet_air =
Reference Values
Area (m
Density (kg/m3
Enthalpy (j/kg

2)1
}|1.225
)10
Length (m) [0.02|
)10
)
)13

Pressure (pascal
Temperature (k) 300
Velocity (m/s
Viscosity (kg/m-s) 1.7894e-05
Ratio of Specific Heats 1.4
Reference Zone
interior_air -

Fig. 6.43 - Reference values for the wall wall inner-shadow
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Fig. 6.44 - Coefficient of heat transfer to air for the interface (wall inner-shadow)
[W.m2.K7]
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The evaluation of the heat transfer coefficient using the filled in “Results / Graphics /
Contours” contours is shown in Figure 6.45.
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Fig. 6.45 - Heat transfer coefficient for air for interface (wall inner-shadow) [W.m?2.K"
g

Similarly, we evaluate the Nusselt number on the wall inner-shadow interface. Check

the reference values with the command "Results / Reporst / Reference Values™

(Temperature -Tref = 300 K and Lenght - dh =0.02 m). Then draw the Nusselt number
with the command “Results / Plots / XY Plot / Solution XY Plot”, see Figure 6.46.
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Fig. 6.46 - Nusselt number evaluated on the interface wall (wall inner-
shadow)

101



By analogy, the Nusselt number can be evaluated using the filled out “Results /
Graphics / Contours” contours® (Chyba! Nenalezen zdroj odkazu.).

Fig. 6.47 - Nusselt number evaluated on the interface wall (wall inner-shadow)

Evaluation of average values

To evaluate the average Nusselt value on the wall inner for the water flow area, use
the "Results / Report / Surface Integral” command. First, define the reference values
as shown in Figure 6.38. Select “Area-Weighted Average” in the “Report Type”
menu. Next, in the “Field Variable” menu, select “Wall Fluxes-Surface Nusselt
Number” and in “Surface” select “wall inner” (Figure 6.48). Write the resulting value
in Tab. 6.5.
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n Surface Integrals - [é]

Report Type Field Variable
Area-Weighted Average * | Wall Fluxes... v
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Fig. 6.48 - Evaluation of the average value of the Nusselt number on the wall
inner for the water flow area

Follow the same procedure for evaluating the average value of the Nusselt number
on the wall inner-shadow for the air flow area, see Figure 6.49. Define the reference
values as shown in Figure 6.43.
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Report Type Field Variable
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wall_inner
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m [Write... | [Close | [Help |

Fig. 6.49 - Evaluation of the average value of the Nusselt number on the wall
inner-shadow for the area of air flow
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In the same way, evaluate the mean value of the surface heat transfer coefficient
na on the wall inner for the water flow area using the "Postprocessing / Report /
Surface Integral” command (Figure 6.50).

B Surface Integrals - Iéj
Report Type Field Variable
Area-Weighted Average * | Wall Fluxes... b
CustomiVectns| Surface Heat Transfer Coef. b
Vectors of
T surfaces [Filter Text = | = | = | = |
Custom Vectors... inlet_air ~
inlet_water
outlet_air
outlet_water
rez-podelny

rez-podelny-air
rez-podelny-water
wall_inner
wall_inner-shadow
wall auter

[Save Output Parameter...

Highlight Surfaces
Area-Weighted Average (w/m2-k)

| 1232.685
m _Write...] _Close | @|

Fig. 6.50 - Evaluation of the mean value of the heat transfer coefficient a on

the wall inner for the water flow area
Fig. 6.50 - Evaluation of the average value of the coefficient The same procedure
applies to the evaluation of the average value of the heat transfer coefficient & on

the wall inner-shadow for the air flow area, see Figure 6.51. Define the reference
values according to Fig. 6.43 water flow.

Report Type Field Variable
Area-Weighted Average ¥ | Wall Fluxes... -
Custnmiectnrs Surface Heat Transfer Coef. -
Vectors of
Surfaces |Filter Text = | —=| = ‘ = |
Custom Vectors... ; B —
inlet_air
inlet_water
outlet_air
outlet_water
rez-podelny

rez-podelny-air
rez-podelny-water
wall_inner
wall_inner-shadow
wall_outer

Save Output Parameter...

Highlight Surfaces
Area-Weighted Average (w/m2-k)

14.58478
m _Write... | _Close | @|

Fig. 6.51 - Evaluation of the mean value of the heat transfer coefficient a on
the wall inner-shadow for the air flow area
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To evaluate the heat output P, select Total Heat Transfer Rate in the “Results /
Report / Fluxes” command in Options and select the wall inner and wall inner-
shadow in the Boundaries menu, see Figure 6.52.

B Flux Reports >
Options ) ) )
————— Boundaries |Filter Text ;| ;| ;| Results
® Total Heat Transfer Rate inlet_air
Radiation Heat Transfer Rate inlet_water
interior-interior_air
interior-interior_water
outlet_air
outlet_water
wall_inner -85.77470388241923
wall_inner-shadow 85.77470398241942
wall_outer
« I « I
[Save Output Parameter... e
: i 1.98952e-13
m Write... | Close | Help |

Fig. 6.52 - Heat flow evaluation P [W]

Determine the loss coefficient { based on the respective pressures defined in the
equation below.

é’ :M (69)

pZdyn
Always use the “Results / Report / Surface Integrals” command to evaluate the
pressures at the inlet and outlet of the flowing water and air. An example of evaluating
the pltot of the total inlet air pressure is shown in Figure 6.53. Then enter the value in
Tab. 6.5. Identify the remaining pressure values identically (p2tot, P2dyn).
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n Surface Integrals ﬁ

o —

Report Type Field Variable
Area-Weighted Average * || Pressure... v
Custom Vectors Total Pressure -
Vectors of
Surfaces |Filter Text -=Q | —=,| = | =, |
Custom Vectors... inlet_air PN
inlet_water
outlet_air
outlet_water
rez-podelny

rez-podelny-air

Save Qutput Parameter... _ rez-podelny-water

-

i wall_inner
| wall_inner-shadow
-
wall outer

Highlight Surfaces

[y Area-Weighted Average (pascal)
| 7.331768

m [Write... | [Elu!;e | [Help |

e

obr. 6.2 — Evaluation of pitwt 0On inlet air

Calculation of the loss coefficient ¢ for the airflow area:

L= Puot = Patot _ 916-58 —0,58 (6.10)
p2dyn 5’78

Calculation of the loss coefficient ¢ for the waterflow area:

L= Putot = Patot _ 71,48-47,08 —0,52 (6.11)
Pagyn 47,003
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Tab. 6.5 — Final comparison of average results

Estimate for Estimate CFD air CFD water Units
air for water solutions solutions

u 3 0.3 3 0.3 [m.s?]
Re 4108 11943 4108 11943 [1]
Nu 15,9 91,62 12.05 82,18 [1]
a 19,2 1374,3 14.58 1232,7 [W.m?2.K1]
P 85,77 85,77 [W]
Pitot 7,53 61,85 [Pa]
P2tot 5,59 45,73 [Pa]
P2dyn 5,59 45,67 [Pa]
g 0,35 0,35 [1]

u velocity

Re  Reynolds number

Nu  Nusselt number

a Heat transfer coefficient

P Heat output

piot total pressure at the inlet

p2tot  total pressure at the outlet

p2dyn dynamic pressure at outlet

4 loss coefficient

Conclusion

Deviations in the solution are caused both by estimating the Nusselt number
analytically and by the numerical solution, where it is possible to test the influence of
mesh quality, models and physical properties. In particular, the analytical relations of
the Nusselt number estimate do not fully correspond to the characteristics of the given
co-current exchanger task. They are intended to provide basic information about the
Nusselt number estimate. Nusselt numbers obtained from analytical relations and
numerical calculation are in order, which can be considered satisfactory.
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The accuracy of the numerical calculation depends on the quality of the mesh, which
can be subsequently compressed. There are several possible adaptations, for
example, a mesh can be prepared and a comparison of results can be made.
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7 HEAT DISTRIBUTION OF CONDUCTIONS AND AIR
CONVECTIONS

Create a mathematical model theoretically analogous to a co-current exchanger
with the difference that the ambient air will be defined instead of the outer tube. Perform
a 3D simulation. The fluids are combined air-to-air. The model can be seen in Fig. 6.1.
Define individual areas and parameters according to the specified boundary conditions
and graphically evaluate the results.

Fig. 7.1 - Geometry and boundary conditions.

Tab. 7.1 — Area dimensions

Tube length H1 0.5 m
Pipe diameter D1 0.04 m
Block using two (0.0 -0.1 -0.1)

. . m
pointson the diagonal 05 05 0.1)

The pipe flows in the middle of the liquid - water, the wall is formed by a steel pipe of
a given diameter. Also consider a wall water thickness of 003m. Wall material consider
steel.
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Surrounding is air bounded by atmospheric pressure, a condition of pressure outlet.
The outlet bottom is an insulated wall.

Tab. 7.2 — Physical properties of material (steel, water, air) at 300K

Material Steel Water Air
density p 8030  998.2 1.225 [kg.m3]
specific heat capacity ¢, 502.48 4182 1006.43 [J.kg K]
thermal conductivity 2 16.27 0.6 0.0242 [W.m1K1
viscosity 7 0.001003 0.000017894 [kg.m1s?]
Tab. 7.3 — Boundary conditions
Inlet | Outlet | Wall Outlet | Wall
water | water | water air bottom
temperature
T 363.15 coupled g=0 K]
velocity u 0.3 [m.s?]
pressure P 0 0 [Pa]
intensity of
turbulence | ! ! ! L]
hydraulic
diameter d, 0.04 | 0.04 0.5 [m]

7.1 Mathematical model and theoretical-empirical estimation of the
problem

In this task turbulent flow occurs, so the mathematical model RNG k-¢ is used.
The criterion of turbulence is the Reynolds number. There is almost no air flow, eg
velocity is 0.001 m/ s.

Re for water flow:

v-dp 0.3-0.04
Revoda -

v 1.01e-06

= 12000 (7.1)

The calculation of the Nusselt number and the heat transfer coefficient is based
on empirical relations, which are described in detail in the literature [2]. In the next step,
only the analytical calculation is performed, which will be compared with the numerical
calculation. From the given parameters itis possible to calculate the above parameters
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of flow and heat transfer (Reynolds number is calculated from the maximum speed).
The estimation of the Nusselt number is problematic and is only indicative. This
estimate is followed by the calculation of the wall heat transfer coefficient determined

from the Nusselt number & = Nz';t [2].

Calculation of the Nusselt number for the area of water flow in a pipe:

_p-Cyv 9982-4182-1.01e-6

Pr =6.99 (7.2)
A 0.6
Nu = 0,023 - Re®8. Pr03
Nu = 0.023-12000%8 . 69993 = 755 (7.3)
Then the heat transfer coefficient is
a=".2="2.06=11326 W.m2.K"! (7.4)
dy 0.04

7.2 Geometry and mesh creation.

Geometry is given by two entities, ie a cylinder and a box, using a Boolean subtraction
to create a water area and an air area. The methodology of networking is identical with the
methodology described in chap. 6, ie the inflation and sweep method for the pipe and the
inflation method for the air volume. The mesh has the following shape.

)

Fig. 7.2 - Surface mesh and detail with inflation.
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7.3 Calculating the Gravity Problem.

Adjustments to deal with ambient heat transfer will be carried out in Fluent as follows:

The heat transmitted by the air flow to the surroundings is significantly influenced by gravity.
It is entered eg in menu ,,Physics / Operating Conditions / Gravity* and density is specified

in ,,Physics / Operating Conditions / Operating Density*, whose value is 0. Then the
stratification of pressure in the result can be observed.

Solver

|_—| Operating Conditions...

.
reral |j Reference Values...

1e View

ar Text

ftup

@ General

@ Models

£ materials

[ cell Zone Conditions
B Boundary Conditions
+ 2 Inlet

+ & Internal

+) 2% Outlet

+ = wall

Z Dynamic Mesh

2] Reference Values

Physics

17, Reference Frames

User-Defined Solution Results
n Operating Conditions
Pressure Gravity
Operating Pressure (pascal) V| Gravity

101325 Gravitational Acceleration
Reference Pressure Location

X (mfs2) o -
X (m)o -

Y (m/s2) -9.81 hd
Y(m)o -

Z(m/s2)/o [x ]I
Z(m)o -

Boussinesq Parameters
Operating Temperature (k)
288.16 s

Variable-Density Parameters
| Specified Operating Density

Operating Density (kg/m3)

D -
(e

m _Cancel |

f+ Named Exoressions

10000 1

Fig. 7.3 Operating Conditions

Physical properties of air will depend on temperature or pressure, so density is given by state
equation and other physical properties by so-called kinetic theory.
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Materials

Materials

Fluid
water-liquid
air

Solid
steel
aluminum

n Create/Edit Materials

Name
air

Chemical Formula

Properties

Density (kg/m3)

Cp (Specific Heat) (j/kg-k)

Thermal Conductivity (w/m-k)

Viscosity (kg/m-s)

Material Type
fluid
Fluent Fluid Materials
air
Mixture

none

ideal-gas

kinetic-theory

kinetic-theory

kinetic-theory

.%] [Changefl:reate | [Delete | @ @

Fig. 7.4 Properties of Air

Too “loose” boundary condition of atmospheric pressure causes significant backflow and then
divergence. Therefore, it is advantageous to use a velocity condition with a very small value,
e.g. 0.001 m/s.
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Boundary Conditions

Zone |Filter Text

inlet_water
interior-air
interior-water
outlet_air
outlet_water
wall_bottom
wall_water
wall_water-shadow

Phase Type
mixture ¥ | | velocity-inlet
[ Edt. | [copy.. |

Parameters... |

——————— |Operating

Display Mesh...| )

B velocity Inlet
Zone Name
outlet_air
Momentum Thermal Radiation

Velocity Specification Method

Reference Frame

Spedies
Components

Absolute

Supersonic/Initial Gauge Pressure (pascal) o

DPM

Coordinate System Cartesian (X, ¥, Z)

¥-Velocity (m/s) 0.01

Y-Velocity (m/s) g

Z-velocity (m/s) o

Turbulence

Multipha:

Specification Method | Intensity and Viscosity Ratio

Turbulent Intensity

Turbulent Viscosity Ratio

(%) /1

0.5

@ o) o)

Fig. 7.5 Velocity inlet for air

When gravitational acceleration is entered, hydrostatic pressure is generated automatically in
the air and tube area. Therefore, the pressure condition at the water outlet from the pipe will be

replaced by hydrostatic pressure.

Boundary Conditions

Zone |Filter Text

inlet_water
interior-air
interior-water
outlet_air
outlet_water
wall_bottom
wall_water
wall_water-shadow

Phase Type

mixture ¥ || pressure-ol

[ Eit. | [cop)

Farameters... |
—————————— |Oper

Display Mesh...| )

Momentum

n Pressure Qutlet

Zone Name
outlet_water

Thermal Radiation

Species

DPM

Backflow Reference Frame Absolute

Gauge Pressure -g*Position.y*Density

Pressure Profile Multiplier 1

Backflow Pressure Specification Total Pressure

Prevent Reverse Flow

Radial Equilibrium Pressure Distribution

Average Pressure Specification
Target Mass Flow Rate

Turbulence

Backflow Direction Specification Method MNormal to Boundary

Multipha

Specification Method | Intensity and Viscosity Ratio

Backflow Turbulent Intensity (%) 1

Backflow Turbulent Viscosity Ratio .02

3 (o) ()

Peri

T SOOI T s

Fig. 7.6 Pressure outlet for water
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Then the task converges well and the results will be real.

7.4  Vysledky

Initialization is realized mainly by real temperature values (300 K). PATCH at 363 K is used
for the water area.

] Contours of Static Pressure (pascal)
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Fig. 7.8 - Contours of the hydrostatic pressure at the air / pipe boundary and
pressure drop in the pipe (PLOT XY)).
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a Contours of Static Temperature
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Fig. 7.9 - Temperature distribution in axial section of the area with air heating
above the pipe.
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