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Numerical Heat Transfer

Chapter 13 Application examples of fluent for

basic flow and heat transfer problem

.,'4: 9

~ B QL
D 3
*» &3 >
\ A N

-
3

NN e

Instructor Wen-Quan Tao; Qinlong Ren; Li Chen

CFD-NHT-EHT Center
Key Laboratory of Thermo-Fluid Science & Engineering
Xi’an Jiaotong University
Xi’an, 2018-Dec.-17
1/24



CFD-NHT-EHT
CENTER

A NF

-] “13 B KRR BRI/ E(JF|Uent$Aﬁ:E‘ﬁHiﬁ #190

£ F%Jiﬁ:

A £54 BF X
R B AR SR H TR

PRNES TEAEHRERXKRE
2018F12H17H, A% 2124




CFD-NHT-EHT
CENTER

Chapter 13 Application examples of fluent for basic flow
and heat transfer problem

13.1 Heat transfer with source term

13.2 Unsteady cooling process of a steel ball
13.3 Lid-driven flow and heat transfer

13.4 Flow and heat transfer in a micro-channel
13.5 Flow and heat transfer in chip cooling
13.6 Phase change material melting with fins
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13.3 Lid-driven flow and heat transfer
T i X B e sl 45 8y ) 7

Focus: compared with previous examples, the focus
of this example iIs that fluid flow 1is further
considered and moving wall boundary condition is

adopted.
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13.3 Lid-driven flow

Known:

An iInfinite long solid plate with uniform
temperature T,,4 = 80°C Is moving at the top of a
square cavity with velocity #=0.1m/s. The left and
right walls of the cavity are adiabatic (4a#4), while
the temperature of bottom wall Is fixed at T,,, =

100°C. The effect of gravity Is neglected.
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— > u=0.1m/s

T,,;=80°C

Adiabatic(4a#)

Fig.1 Computational domain
7124
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Find: Velocity and temperature distribution

Solution:

Continuity:

Momentum:

Energy:

au+av_0

dx 0Jy

6u+ ou 16p+ 62u+62u
“ox ”ay p 0x Y ax2

0v+ dv 16p+ +
“ox ”ay_ pdy Y axz

a(pCpuT)_l_a(pvaT) . 0%T 0°T
0x oy \0x%  ay?
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We should estimate Re to determine laminar or

turbulent state.

Know:
Upae = 0.1m/s 1= 0.1m, v = 1.46E — 6m?*s

ul
Re = — = 684
v

Laminar flow

Remark: In this problem, we just take into account the
forced convection. Nature convection is neglected. You

can further study the effects of nature convection!
9/24
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Start the Fluent software

E Fluent Launcher - O X
ruent Lancher | 1. Choose 2-Dimension
|D| 2. Choose display options
Display Options | @ Serial -
e e e s T 3. Choose Serial
‘warkbench Calor Scheme
5 S s e processing option
—
Default Cancel Help =

Note: Double precision or Single precision
For most cases the single precision version of Fluent is

sufficient. For heat transfer problem, if the thermal
conductivity between different components Is high,
Double precision version Is better. 10/24
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1st step: Read and check the mesh

H The meSh iS generated by & Fluent@DESKTOP-2C2BOSO [2d, pbns, lam]

File Mesh Define Solve Adapt Surface Display Report

|
|
|

Read

Mesh—Read |

pre-processing  software
such as ICEM and
GAMB IT. The docu ment Dune'i-lﬂm quadrilateral cells, zone 8, binary.

12484 2D interior faces, zone 9, binary.
99 2D wall faces, zone 18, binary.

is with suffix (JFZ&45) 198 70 wall faces, sone 12, binary.
188688 nodes, binary.
“.msh’, 18680 node flags, ginary.
mesh
m This step is similar to the ntertace,

domains,
mixture

Grid subroutine (UGRID,

bottom-wall

Case & Data...

Building...

move—wall

Setupl) In our general

fluid

Done.

code, 11/24
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1st step: Read and check the mesh

Mesh—Check/Report quality
s Check the quality and topological

Information of the mesh

Domain Extents:
#-coordinate: min (m)
y-coordinate: min (m)

ctatictics:

minimum volume (m3): 1.8208304e-86

mazimum volume (m3): 1. e—

total volume {m3): 1.0008080e-82

Face area statistics:
minimum face area (m2): 1.68181681e-83
maximum fFace area {(m2): 1.818181e-83
Checking mesh. ... oo uiimii i aaaa
Done.

A.000000e+88, max (m)
0.000000e+08, max (m)

1.88d0888e-01
1.0808080e-81

Mesh Quality:
L L i 000 om [ bere values close to 8 correspond to low quality.

Minimum Orvthogonal Quality = 1.000868e+064A

Maximum Aspect Ratio = 1.431422e+08
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2st step: Scale the domain size

General—Scale

General B Scale Mesh pod

Domain Extents Scaling
[ Chedk ][Report Quality'] ¥min {m) [ ¥max (m] [ 1 | (®) Conver t Units

() Spedfy Scaling Factors

Display. .
Ymin (m} [ Ymax {m) [5.1 | Mesh Was Created In f
Sol <Select NN |
Type Velocity Formulation View Length Unit In
(@) Pressure-Based @ Absolute m o
") Density-Based "I Relative !
1
Tim 2D Space
@ Steady @) Planar
Transient () Axisymmetric
1 Axisymmetric Swirl
Close Help
1B sty

m Fluent stores the mesh In units as “m”, SI unit. You
can show It in different units such as cm, mm, in, or ft.
m This time ,we don’t need to scale the mesh.
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m You also can scale the domain size use “Convert Units”

or ¢ Specify Scaling Factors” command.
Remark: Fluent thought you create the mesh in units of

m. However, If your mesh Is created In a different unit,
such as cm, you must use Convert Units Command to
change the mesh into the right size. The values will be

multiplied by the Scaling Factor.

Domain Extents Scaling

=

Domain Extents Scaling

.. . . Xmin |:I'ﬂ:l -0.00014 Xmax [ITI:I 0.00014 @ Convert Units
Xmin () 0.014 ¥max (m) 0.014 @ Convert Units o e

Specify Scaling Factors

i )
¥min (m) [5.os5 Ymax (W) [g.os5 Mesh Was Created In ¥min (m) [-g,0005 ¥max (m) p,0005 i'~"|esh Was Created In |
cm -

(am

View Length Unit In I View Length Unit In |
-

b |

li 0.01

| Scale || Unscale | | Scale || Unscale |
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Step 3: Choose the physicochemical model
Based on the governing equations you are going to solve, select

the related model in Fluent. Viecous Model %

Model

_. Inviscid
Energy oy ®) Laminar
| () spalart-almaras {1 eqn)

() k-epsilon (2 egn)
EFIEFEI]I' () k-omega (2 egn)

() Transition k4d-omega (3 egn)
+'| Energy Equation 1| (O Transition S5T (4 eqn)
() Reynolds Stress (5 egn)

() Scale-Adaptive Simulation (SAS)

QK Cancel Help pptions
|:| Viscous Heating

[ ]Low-Pressure Boundary Slip

Ok Cancel Help

M =170

15/24




Step 4: Define the materials

Meshing Materials
Mesh Generation Malerials
Solution Setup Fluid I

General
il (9]0

Materials]]

Fhases

Cell Zone Conditions
Boundary Conditions

Click “Fluid” or “Solid”

or select the “create/edit”

Solid

ICreatE;"Edit... | Delete

Order Materials by

(®) Mame

(") Chemical Formula

| Fluent Database. .. I

User-Defined Database...

CFD-NHT-EHT
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Fluent provide a lot of
materials In its database.
Usually, You can find the
material you need In the
database.

However, it will happen that
the material you need Is not
In the database. You can

Input it manually.
16/24
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5st step: Define the cell-zone condition

Cell Zone Conditions

fone

e Type

Auid o d

Fluid

Zone Mame

|inner

Material Name |air

- | [Edit...
Phase Yl;e/ [ | Frame Motion [ | Source Terms
mixfure ﬂUld B | [ |Mesh Motion [ | Fixed Values

|:| Porous Zone

[ Edit... I [ Copy... ][F‘rnﬁles

Reference Framel Mesh Motion | Porous Zone | Embedded LESI Reaction
| Parameters.., | Ope onditions. .. ]

This page is not applicable under current settings.
[Display Mesh... ] Pag el J

17/24
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6st step: Define the Boundary conditions

Boundary Conditions

Zaone

bottom-wall
fixed-wall

move-wall

Type

mixture |inbeﬂnr -
| Edit... | | Copy... ||Prnﬂe5”.
| Parameters... | |D|:rerating Conditions. ..
|mmdayMEﬂm..| Periodic Conditions...

The bottom wall is not
moving and Its temperature
IS 80°C. The left and right
wall is adiabatic.

All these boundary
conditions are easy to set In
Fluent.

The top wall Is moving. We
will discuss it in detail.

15/24
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“Moving wall” is used to include tangential ($]J[q])

motion of the wall. This function cannot be used to
include the normal (3\]) motion of a wall.

B wall

Zone Mame

move-wall

Adjacent Cell Zone

1 ||=solid

Mormeritum lThermaIl F‘.adiaﬁnnl Species] DPM l Mulﬁphase] DS ] Wall Film]

Mall Motion Motion
() Stationary Wall Spesd
T (®) Moving Wall (®) Relative to Adjacent Cell Zone eeilimic)
() Absolute ' P
(®) Translational
() Rotational
D Components
Shear Condition
(®) Mo Slip
() spedified Shear

Specularity Coefficient
Marangoni Stress

Wall Roughness

19/24
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/st step: Define the solution

For algorithm and schemes, keep it as default. For more

details of this step, one can refer to Example 1 of Chapter
13.

Solution Methods

Algorithm: simple

|SIMPLE -

. Gradient: Least Square Cell Based
ILeast Squares Cell Based "J

—_— - Pressure: second order

ISemnd Crder Upwind vJ _
— . Momentum: second order upwind

Energy: second order Upwind

Mon-Iterative Time Advancement
Frozen Flux Formulation

20/24
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/st step: Define the solution

For under-relaxation factor, keep it default. For more
details, refer to Example 1.

8st step: Initialization

Use the standard initialization, for more details of
Hybrid initialization, refer to Example 1.

Step 9: Run the simulation

Step 10: Post-processing results
21/24
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1: Velocity Vectors Colored B~

3.76e-02
3.28e-02
2.82e-02
2.35e-02
1.88e-02
1.41e-02
§.40e-03
4.70e-03
8.34e-07

Yelocity Vectors Colored By Velocity Magnitude {mis)
ARSY!

22124
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Velocity magnitude

1: Contours of Velodty Magn -~

5.00e-02
4.50e-02
4.00e-02
3.50e-02
3.00e-02
2.50e-02
2.00e-02
1.50e-02
1.00e-02
5.00e-03
0.00e+00

Contours of Welocity Magnitude (rmis)
AMEYE Flue

23/24
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Temperature

1: Contours of Static Temper -~

3.64e+02
3.63e+02
3.62e+02
3.61e+02
3.60e+02
3.59e+02
3.58e+02
3.87e+02
3.56e+02
3.85e+02
3.54e+02
3.53e+02

Contours of Static Temperature (k)

24124
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13.1 Heat transfer with source term

13.2 Unsteady cooling process of a steel ball

13.3 Lid-driven flow and heat transfer

13.4 Flow and heat transfer in a micro-channel
13.5 Flow and heat transfer in chip cooling

13.6 Phase change material melting with fins
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1: Using slides to explain the general 10 steps for Fluent
simulation in detail ! (PPTiH{%)

1. Read mesh 2. Scale domain

3. Choose model 4. Define material

5. Define zone condition 6. Define boundary condition
7. Solution 8. Initialization

9. Run the simulation. 10. Post-processing

5/59
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13.4 Flow and heat transfer in a micro-channel

P IE N P R ]

Focus: compared with previous examples, the focus
of this example Is about pressure-out boundary
condition and ‘two-side-wall” boundary condition.

5/36
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13.1 Single-phase fluid flow and heat transfer in micro
channel with rectangular ribs (MC-RR)

Known: Cold water at T,=20°C flows into the inlet
of a MC-RR with velocity u=0.1m/s. The side wall of
MC-RR is heated with a uniform heat flux g = 30W/cm?,

Assumption: (1) steady state, (2) laminar flow, (3)
iIncompressible fluid, (4) constant fluid properties, (5)
negligible radioactive and natural convective heat
transfer from the micro channel heat sink.

7/36
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A g +
R e L
Y
Lr
et Lt >
Fig.1 Computational domain
Table .1 Geometrical parameters of MC-RR
Geometrical
L W L L
Parameters RR R R t
Value/mm 0.5 0.7 0.1 0.3 3

8136
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Find: Temperature distribution and pressure
distribution in the domain.
Governing equations:

Continuity equation: 3u v
0x 0y

Momentum equations:

ou  du 10 0%u 0%u
A it WL | +—
dx dy prOX  pr

ov ov 10 0%y 0%v
U— TV — = p+'uf(a 2 T 3 )
X y? 9/36

ox "y prdy py
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Energy equation:

0(psCoptsTy) | OpsCosVyTy) , (07T 07T,
0x dy '\ ax2 = 0y?2

where T: IS the coolant’s temperature, ¢ IS fluid
specific heat and k; is fluid thermal conductivity.
Energy equation for the solid region:

02T, 92T,
0= ks 522 * 57

where T, Is solid temperature and K, Is solid thermal

conductivity 10/36
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Boundary condition:

1. channel inlet x=0

u =Uf

For fluid T, =T,,=293.15K
2. Channel outlet x=3mm

P, =R, =1atm

: oT,
For fluid —k, (W):O

3. fluid/solid surface
u=v=0
o OTsy_ ot
ks(ﬁ _ kf (ﬁ)
Where (n) is the coordinate
normal to the wall

4. At side wall

ol
—k. (28) =g =30W/cm?
S(@y) q 11/36
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Start the Fluent software

B Fluent Launcher — O >
Fluent Launcher . .
. 1. Choose 2-Dimension
|:|I:I Double Precision _ .

2. Choose display options
 Erbd 3. Choose Serial processing
| “Waorkbench Color #cherne
[ Show bore Options Option

Dot o i~ —

Note: Double precision or Single precision
For most cases the single precision version of Fluent is sufficient.

For example, for heat transfer problem, if the thermal
conductivity between different components are high, it is
recommended to use Double Precision Version. 12/36
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Step 1: Read and check the mesh
= The mesh Is generated by pre-processing software

such as ICEM and GAMBIT. The document iIs with

suffix ()

CE D
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“xx.msh”

> Reading "C:\Users\lichennht\Desktop\ansys\i4fluent_

Done.

14348 quadrilateral cells, zone 15, binary. i
2124 quadrilateral cells, zone 16, binary.
28278 2D interior faces, zone 17, binary.

411 2D wall faces, zone 23, binary.
2D symmetry faces, zone 24, binary.
321 shadow face pairs, binary.

3987 2D interior faces, zone 18, bhinary. 17129 nodes, binary.

44 2D velocity-inlet faces, zone 19, binary. 17129 node flags, binary.
44 2D pressure-outlet faces, zone 28, binary.

177 2D wall faces, zone 21, binary.

321 2D wall faces, zone 22, binary.

13/36
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Step 1: Read and check the mesh
Mesh->Check

m Check the quality and topological information of the mesh

Mesh Check

Domain Extents:

®x—coordinate: min (m)
y-coordinate: min (m)

Z2.5000080e-84, max {(m)
B.8000008e+088, max {(m)

Uolume statistics:

minimum
maximum
total
Face area
minimum
maximum

volume {(m3): 92.997Y533e-13
volume {(m3): 5.455531e-18
volume {(m3): 1.50008080e-0856
statistics:

face area (m2): 92.997748e-087
face area (m2): 2.4959907e-085

Checking mesh. ... ... ... . ... ... ccaoaa.-.

Done.

3.25080808e-83
L .888888e-84

14/36
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Step 2: Scale the domain size

General->Scale

General

By Scale Mesh [
Diomain Extents Scaling
Chedk R it l _
= ” = Qualw] Xmin (m) (5 oooz2s Xmax (M) [q po32s (@ Convert Linits
(") Spedfy Scaling Factors
Solver Ymin (m) [q Ymax (M) (5 ooos Mesh Was Created In
Type Velodity Formulation mm i
(@) Pressure-Based @) Absolute . .
(7 Density-Based (71 Relative View Length Unit In
m = 0| Ao 01
Time 2D Space
@ Steady (@) Planar
() Transient (71 Axisymmetric 0.001
() Axisymmetric Swirl
Scale ] [ Unscale ]
Flaaty
[Clnse] [Help ]
Y

The mesh is generated in Fluent using unit of mm. Fluent
Import it as unit of m. Thus, “Convert units” Is used.

L e At
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Step 3: Choose the physicochemical model
Based on the governing equations you are going to solve, select

the related model in Fluent.

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Maonitors

Solution Initialization
Calculation Activities
Run Calculation

Results

Models

Models

Radiation - Off

Heat Exchanger - Off
Species - Off
Discrete Phase - Off

Solidification & Melting - Off
Arcoustics - Off

Edit...

Example 4 1s about
single-phase laminar
flow and heat transfer,
so Energy model should

be activated.

16/36
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Step 4: Define the material properties

Define the properties required for modeling! For pure
heat conduction problem studied here, p, Cp and A should

be defined. Materials
Materials
I . Fwa ]
Solution Setup->Materials naterdquc

Copper
aluminum

In Fluent, the default fluid is
alr and the default solid i1s Al.

Click the Create/Edit button
to add Water and Copper. =~

17/36
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Step 5: Define zone condition

Solution Setup->Cell Zone Condition

Choose water for Fluid zone Choose copper for Solid zone

& Fhid X & solid I

Zone Name Zone Mame

fluid ||5-:|Ii|:|

Material Name e fiouid | | Edit... Material Mam Copper vI Edit
DFrame Motion DSource Terms |:| Frame Motion || Euurce ?Erms
[ IMesh Motion [ ]Fixed Values [ JMesh Motion [ ] Fixed Values
DPnrous Zone

Reference Frame l Mesh Motion ] Source Terms ] Fixed Values ]
Reference Frame I Mesh Motion l Porous Zone | Embedded LES ] Reaction ] Source Terms | Fixed Values | Multiphase ]
Dirigir
Zone Mame censtant b
1 constant
fluid b

Material Mame

water-iquid

18/36
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Step 6: Define the boundary condition

| Velocity Inlet ﬂ
In]' et Zone Mame

Velocit
y
Momentum | Thermal I Radiation I Spedes I DPM I Multiphaze I uDs I

Velodity Spedification Method lMagnimde and Direction "l
Reference Frame ’Absclute vl
Velodty Magnitude (m/s) [ 1 [mnsiﬁnt v]
Supersonic/Initial Gauge Pressure {pascal) [ |::ur1513r|t - |
¥-Component of Flow Direction [ [mngiﬁnt - l
Y-Component of Flow Direction [ [mngiﬁnt - l

[ K, ] [Cancel] [Help ]

Zone Marme

B Temperature

Momentum  Thermal |Radiaﬁun| Species | DPM | Mulphase | UDS |

Temperature (k) |;_'g3, 15 |mn513r1t - | ]_9/36
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Outlet: pressure outlet

Pressure Outlet et S

Zone Mame

|nut

Momentum |Therma|| F‘.adiaﬁnnl Sp-e::iesl DPM I Mulﬁphasel LIDS I

Gauge Pressure (pascal) |D |::ur1513r1t - |

Backflow Direction Spedification Method |Nnrmal to Boundary

|:| Average Pressure Spedfication
|| Target Mass Flow Rate

Gauge Pressure (FRH)

20/36



CFD-NHT-EHT
CENTER

Pressure in Fluent

Atmospheric pressure (KK H)

Gauge pressure (F8H): the difference between the true
pressure and the Atmospheric pressure.

Absolute pressure (E3ZH J7): the true pressure

= Atmospheric pressure + Gauge pressure

Operating pressure ($2fEH /1) : the reference
pressure (B2EEH)

In our teaching code, a reference pressure point is
defined. 21/36
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Pressure in Fluent

Absolute pressure (BE3ZH J7): the true pressure

= Reference Pressure + Relative Pressure

Static pressure (§#H): the difference between true
pressure and operating pressure.
The same as relative pressure.

Dynamic pressure (g &): calculated by 0.5pU?
Is related to the velocity.

Total pressure (ZhH):

= Static pressure + dynamic pressure 22/36
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Wall

q = 30W/cm2 @?_m_m_

L

F

Wall

Zone Mame

fluid_wall

Adjacent Cell Zone
fluid

l Marmentum TthmE"lF‘.adiaﬁnnl Speciesl DPM | I"-"Iultiphasel uDs | wall Filml

Thermal Conditions

@ Heat Flux Heat Flux (w/m2) |EUDDDD |mn513nt - |

(") Temperature
7 Convection wall Thidness (m) |U

If} Radiation
() Mixed Heat Generation Rate (w/m3) |I:I |cc-n513nt
via System Coupling

Material Mame

Copper v||E::|Jt|




610 ) CFD-NHT-EHT
&) 7 5%‘ AL »?; CENTER

Lrr .
Wall w, v 7]
| -
W
= 30W/cm? —— — —_—
e C
L
r -
. =
Zone Name
fluid_wall
Adjacent Cell Zone
fluid
I Marmentum TthmE"lF‘.adiaﬁnnl Speciesl DPM | I"-"Iultiphasel uDs | wall Filml
Thermal Conditions
@ Heat Flux Heat Flux (w/m2) |EUDDDD |mn513nt ~r|
(") Temperature _
() Convection wall Thickness (m) |U
) Radiation E]
) Mined Heat Generation Rate (w/m3) |I:I |cc-n513nt - |
via System Coupling
Material Name
Copper v| |E|::ht |
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This wall type has fluid zone and solid zone on each
side. This wall is called a “two-sided-wall”.

When such kind wall is read into Fluent, a “shadow”
(B82F) zone is automatically created.

25/36



CFD-NHT-EHT
CENTER

There are three options for the temperature boundary
conditions of such “two-sided-wall”.

IR LT NN REE )| R s I 1l i

Thermal Conditions B Heat flux
) Heat Flux B Temperature
Temperature
@ Coupled ® Coupled

Matarial Mames

If you choose “Coupled”, no additional information is
required. The solver will calculate heat transfer directly
from the solution of adjacent cells. Such wall is not a

boundary.
26/36
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You also can uncouple the sides of the wall and give
different boundary condition for different sides of the

wall.

O

Zone Name

fluid_solid_inter

Adjacent Cell Zone

fluid

Shadow Face Zone

fluid_solid_inter-shadaw

Thermal Conditions

@ Heat Flux
) Temperature
(") Coupled

Adjacent Cell Zone
fluid

Momentum  Thermal | Radiation | Species| DPM | Multiphase | uDs | wall Fiim |

Heat Flux (w/m2) |D

| constant - |

Wall Thidaness {m) |D

The adjacent cell zone of this wall is fluid!
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Wall

Zone Mame

fluid_solid_inter-shadow IﬁldJal:El-lt I::E" EI:II_IE

Adjacent Cell Zone

solid El::llilj

Shadow Face Zone
fluid_solid_inter

Mu::rnentuml Therrnall Radiatinn] Speciesl DPM l I"-"Iultiphasel uD

This page is not applicable under current settings.

The adjacent cell zone of this shadow wall is solid!

You can find the wall and its shadow created
automatically created by Fluent are adjacent to fluid
and solid, respectively. So you can specify different BC

for different walls.
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iginal two side wall

Adjacent tg Adjacent to
fluid -Tr solid
Specify BC Specify BC

for the fluid for the solid
side side

Thermal Conditions
Thermal Conditions

@ Heat Flux

) Coupled ﬂ Temperature
() Coupled

Its shadow created by Fluent
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/st step: Define the solution

For algorithm and schemes, keep it as default. For more

details of this step, one can refer to Example 1 of Chapter
13.

Solution Methods

Algorithm: simple

|SIMPLE -

. Gradient: Least Square Cell Based
ILeast Squares Cell Based "J

—_— - Pressure: second order

ISemnd Crder Upwind vJ _
— . Momentum: second order upwind

Energy: second order Upwind

Mon-Iterative Time Advancement
Frozen Flux Formulation
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/st step: Define the solution

For under-relaxation factor, keep it default. For more
details, refer to Example 1.

8st step: Initialization

Use the standard initialization, for more details of
Hybrid initialization, refer to Example 1.

Step 9: Run the simulation

Step 10: Post-processing results
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Residuals

0 100 200 300 a00 s00 800 o o e L
lterations

Scaled Residuals Dec 23, 2017
ANSYS Fluent 15.0 (2d, pbnsg, lam)

32/36



CFD-NHT-EHT

&) 7 Fi4 )63? % CENTER

2: Contours of Static Pressur v

1.05e+01
6.16e+00
1.87e+00
-2.43e+00
-6.72e+00

Contours of Static Pressure (pascal) Dec 23, 2017
ANSYS Fluent 15.0 (2d, pbns, lam)
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Velocity magnitude

4.05e-02
3.24e-02
2.43e-02
1.62e-02
5.09e-03
0.00e-+00
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=

i CFD-NHT-EHT
ﬁ%ﬁaﬁi? % CENTER

Temperature (K)

3.13e+02
3.10e+)2
3.07e+02
3.03e+)2
3.00e+)2
2.96e+)2
2.93e+)2
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Temperature (K) of velocity as 0.01

3.18e+12
3.10e+12

3.01e+02
2 G4H17
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People in the same
boat help each
other to cross to the

fﬁi’cher bank, where....
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