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Turbulent Flow in Manifold
(By considering only input velocities)



1. Data

Fluid : water

Density = 998.2 kg/m3

Dynamic viscosity = 0.001003 kg/m.s
The flow is turbulent

Re ~ 1x106
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Define Solver and Viscous Model

-
Viscous Model

Model Model Constants
Solver © Inviscid Cmu

Sol . Lati Laminar 6.89
olver ormulation Spalart-Allmaras [1 eqn)

~
-~

* Segregated “ Implicit “ k-epsilon [2 eqn) C1-Epsilon
-
-

" Coupled & k-omega [2 eqn) 1.44

Reynolds Stress [5 egn
Space Time V & ean) C2-Epsilon

& 9D * Steady k-epsilon Model |1_92
" Axisymmetric " Unsteady {* Standard
" Axisymmetric Swirl " BNG

. " Realizable

TKE Prandtl Number
|1

VYelocity Formulation Near-Wall Treatment User-Defined Functions

f« Absolute * Standard Wall Functions Turbulent ¥iscosity
" Relative " Non-Equilibrium Wall Functions none

. . . " Enhanced Wall Treatment
Gradient Option Porous Formulation Prandtl Numbers

* Cell-Based * Superficial Yelocity TKE Prandtl Number
‘" Node-Based *" Physical Velocity

noneg

TDR Prandtl Number
none

oK | Cancel| Ht:lp|

Ok | Cancel| Hf:lp|




Define Fluid

».

Materials

Name Material Type

fluid

Order Materials By
Iwater—liquid ! * MName
— | A .
Fluent Fluid Materials Ghemical Furinula

water-liquid [h20<1>] v|

Chemical Formula
inzu{1>

Fluent Database... |

User-Defined Database... |

Properties

Density [kg/m3] !cunstant
|

|993.2

Viscosity (kgfm-s) | constant

8.801683

Change/Create Delete




Define Operating Conditions

L =]

Operating Conditions
Pressure Gravity

Operating Pressure [pascal] | | Gravity
181325

Reference Pressure Location

X[m] g
Y [m] (g

oK Cancel Help




Define Boundary Conditions

IFBnundary Conditions Floid

Zone Name

fwia.r
Material Name water-liquid - | Edit...

[ Source Terms
[ Fixed Values
[ Porous Zone

default-interion

[ Laminar Zone

Motion | Source Terms | Fixed Yalues . Porous Zone | Reaction |

Rotation-Axis Origin J
X [m] g
Y (m) g

Motion Type ’m
[
0K | Cancel Help

Set... Copy... Close Help




F A

Velocity Inlet

Zone Name

inlet1

Velocity Specification Method |agnitude, Normal to Boundary -

Reference Frame ’h
Velocity Magnitude [mfs] |4 constant

Turbulence Specification Method | T T T T T
Turbulence Intensity [*] (15

Hydraulic Diameter [m] |4
0OK Cancel Help

Velocity Inlet

Zone Name

inlet2

Velocity Specification Method |jagnitude, Normal to Boundary -

Reference Frame ’h
VYelocity Magnitude [m{s] |4 constant

Turbulence Specification Method | ntensity and Hydraulic Diameter
Turbulence Intensity [*] (15

Hydraulic Diameter [m) ’17
0K Cancel Help
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r".'elncity Inlet 1

Zone Name

intets

¥elocity Specification Method |pagnitude, Normal to Boundary -

Reference Frame ’h
VYelocity Magnitude [m{s] |4 constant

Turbulence Specification Method | ntensity and Hydraulic Diameter
Turbulence Intensity [*] (15

Hydraulic Diameter [m) ’17
0K Cancel Help

Velocity Inlet

Zone Name

intets

¥elocity Specification Method |pagnitude, Normal to Boundary -

Reference Frame ’h
VYelocity Magnitude [m{s] |4 constant

Turbulence Specification Method | ntensity and Hydraulic Diameter
Turbulence Intensity [*] (15

Hydraulic Diameter [m) ’17
0K Cancel Help
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Outflow

Zone Mame

oulet

Flow Rate Weighting |4
OK Cancel | Help
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Zone Name Zone Name
|wall1 |wa112

Adjacent Cell Zone Adjacent Cell Zone
|F1uid.11 |F1uid.11

Thermal | DPM  Momentum ‘Species Hadiatiun] upDs ] Granular] Thermal | DPM  Momentum ‘Species Hadiatiun] ups ] Granular

YWall Motion Motion YWall Motion Motion

f* Stationary Wall | [~ f* Stationary Wall | [~
©" Moving Wall ©" Moving Wall

Shear Condition Shear Condition

* No Slip * No Slip

T Specified Shear T Specified Shear
{ {

r r

Wall Roughness Wall Roughness

Roughness Height [m) |u.m13 |cunstant Roughness Height [m] |B.BBE |cunstant

Roughness Constant |[1_5 |cunstant Roughness Constant |B-5 |cunstanl

0K | Can[:t:l| Help| 0K | Can[:t:l| Help|




Zone Name Zone Name

|wa113 |wa11u

Adjacent Cell Zone Adjacent Cell Zone
Fluid .11 fluid.11

Thermal | DPM  Momentum lSpecies Hadiatiun] uDs ] Granular] Thermal | DPM  Momentum lSpecies] Fladiatiun] uns ] Granular

Wall Motion Motion Wall Motion Motion

+ Stationary Wall | | [ * Stationary Wall | | [©
" Moving Wall " Moving Wall

Shear Condition Shear Condition

“* No Slip “ No Slip

" Specified Shear " Specified Shear
{ {

o -

Wall Roughness Wall Roughness
Roughness Height [m] (g_gpaz3

|cunstant Roughness Height [m] |n.m13 ‘cunstanl

Roughness Constant ‘3_5 |cunstant Roughness Constant |ﬂ.5 ‘cunstanl

0K | Cancel| Ht:lp| oK | Can[:t:l| Ht:lp|




Wall
Zone Name

wallt
Adjacent Cell Zone

fluid .11

Thermal | DPM  Momentum | Species | Radiation | uDs | Granular |

Wall Motion Motion

* Stationary Wall [~
" Moving Wall

Shear Condition
“* No Slip
" Specified Shear

YWall Roughness

Roughness Height [m] | . A3 W

Roughness Constant | - cunstant

oK | Cancel Help
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Solve control solutions

r

Solution Controls

Equations

Flow
Turbulence

Pressure-Yelocity Coupling

2| =| Under-Relaxation Factors

Pressure [g_3
Density 4
Body Forces |4

Momentum |g_7

Discretization

SIMPLE | Pressure | Standard - J

Momentum |Second Order Upwind -
Turbulence Kinetic Energy | econd Order Upwind -
Turbulence Dissipation Rate TR Upwind - J

0OK Default| Cancel Help
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Solve Solution Initialization and Residual Monitors

Compute From Heference Frame

inletl - | | * BRelative to Cell Zone

" Absolute

Initial YValues

Gauge Pressure [pascal] |g

X ¥Yelocity [mfs] |g
Y Yelocity [m{s] 4
Turbulence Kinetic Energy [m2/s52] |a_a1s
hd

Init Heset| Apply| Close Help

Residual Monitors

Options Storage Plotting

v Print lterations |41 p@o - Window | g =
v Plot E‘ El
MNormalization lierations 1908 El
[ Normalize v Scale foces... | Cuwes...

Check Convergence J
Monitor Convergence Criterion

DT

0OK Plot | Henorm Cancel Help

Residual

continuity v v
¥-velocity

y-uelocity

v v
v v
v v
v v

epsilon
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Solve lteration

Iterate

Iteration

Mumber of Iterations |5 i‘
Beporting Interval |4 i‘

UDF Profile Update Interval ’17 i‘
lterate | Apply Close | Help
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Convergence of solution

B FLUENT [0] Fluent Inc

DER

Fesiduals
—continuity
s-velocity 1e+03
—E-uelncltg,f i
—epsilon Te+l2 5
1e+01 =
1e+00 =
le-01 o
1e-02 =
le-03 -
1e-04 -
1e-05 =
1E'I:IE 1 T 1 T 1 T 1 T T T 1 T 1 T 1 T 1 T 1
] 5 10 15 20 25 30 35 40 45 0
[terations
Scaled Residuals hdar 18, 2007

FLUEMT 6.2 (2d, dp, segragated, she)
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Display of Vectors — Velocity Magnitude

Vectors B FLUENT [0] Fluent Inc

Options Yectors of

r Yelocity v

v Global Range Color by

M Auto Range .
- Yelocity... -

W Auto Scale Velocity Magnitude -
[ Draw Grid

Style [filled-arrow -
Scale |2 Surfaces

. default-interior
Skip |3 i‘ :
Vector Options...
Custom Vectors...

Surface Name Pattern

Surface Types

Match exhaustfan
fan

Display Compute Close Help

3.70e+00
3.57e+00
3.33e+00
3.15e+00
2.86e+00
2.78e+00
2.59e+00
2.41e+00

2.22e+00
2.04e+00
1.83e+00
1.67e+00
1.45e+00
1.30e+00
1.11e+00
9.30e-01
7.46e-01
5.61e-01
3.77e-01
1.92e-01
7.36e-03

A=

Welocity Wectors Colored By Velocity Magnitude (mi's)

Mar 18, 2007
FLUEMT 6.2 {2d, dp, segregated, sked
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Display of Vectors — Velocity Magnitude

_
B FLUENT [0] Fluent Inc
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Mar18, 2007
FLUEMT 6.2 (2d, dp, segregated, ske)
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Display of Contours — Velocity Magnitude

[

al r
Contours B FLUENT [0] Fluent Inc

Options Contours of

¥ Filled Velocity... 3.82e+00
Node Values - - 3.44e+00
Global Range Velocity Magnitude 3 2Ee+00
Auto Range 2.07e+00
2.80e+00
Draw Profiles Surt T
Draw Grid uriaces 2 53400
default-interior ’
Levels Setup inletl 2.35e+00
28 =[1 = inlet2 ZATe+00
inlet3
Surface Name Pattern | inletd 1.88e+00
Surt T 1.81e+00
d .ace Ypes 1.63e+00
axis
clip-surf 1.45e+00
exhaustfan 1.27e+00
fan 1. 09e+00
- 9.04e-01
Display Compute Close Help 7 2de.01
5.43e-01
2.62e-01
1.81e-01
0.00e+00
Contours of WVelocity Magnitude (mis) har 18, 2007

FLUENT 5.2 (2d, dp, segregated, ze)
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Display of Contours - Vorticity

Contours 1 [ FLUENT [0] Fluent Inc =13

Options Contours of 5 4ge+01

Filled Velocity... M 5.22e+01
Node Yalues — N 4.95e+01
Global Range Vorticity Magnitude - 4 ETesD]

Auto Range 4 40+
q 4128+

Draw Profiles =
Draw Grid 3sesl
default-interior 357+
Levels Setup inletl 3.30e+1
28 i‘ 1 i‘ inlet2 3.02e+1
inlet 2752401

Surface Name Pattern (jnletd '

2.47e+01

Surface Types 2,208+ -» *
axis .
1928+ I |
Match clip-surf

1652+

exhaustfan
fan 1.37e+01
1. 10e+01
Display | Compute Close Help 8242400
5.50e+00
2 75e+00

5.532e-04

Contours of vardicity Magnitude {17s) Mar 18, 2007
FLUEMT 6.2 {2d, dp, sedregated, ske)
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Display of Contours — Dynamic Head

Contours B3 FLUENT [0] Fluent Inc
Options Contours of
Filled Custom Field Functions... - B 3e+3
Node Values B 20e+03
Global Range e ur ] T 5 Boe+03
Auto Range 5556403
5. 23e+03
Draw Profiles
Draw Grid Surfaces E|=| 4.30e+03
Lovels S default-interior 4 57e+03
evels Setup inletl
- s . 4 25e+03
28 EI 1 EI inlet2
inlet3 3.92e+03
Surface Name Pattern |jnletd 3 50e+03

li Surface Types 3 27e+03
a>_cis 2.94e+03

_ Mateh | g'}'(ﬂﬂ‘;{_fan 2 e+
fan 2.29e+03

1 AGe+03
Display Compute Close Help 1 G3e+03
1.31e+03
9 80e+02
B .53e+02
3.27e+02

0.00e+00

Contours of dynam-head har 19, 2007
FLUENT 6.2 (2d, dp, segregated, ske)
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Laminar Flow in Manifold
(By considering only input velocities)
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1. Data

Fluid : water

Density = 998.2 kg/m3

Dynamic viscosity = 0.001003 kg/m.s
The flow is laminar

Re ~ 100 ( at inlet)

Oulet

By

=z G

T T

Inlet 1 Inlet 2

T

Inlet 3

T

Inlet 4

Fig. Manifold
with 4 inlet
pipes and 1
outlet pipe

V=0.0001m/s V=0.0001m/s V=0.0001m/s V=0.0001 m/s
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Manifold geometry
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Fig. Triangular mesh created with Gambi
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Define Solver and Viscous Model

Solver y Viscous Model

Solver Formulation Model

* Segregated * Implicit © Inviscid

" Coupled . “ Laminar

- Spalart-Allmaras [1 eqn]
" k-epsilon [2 eqn]

2D * Steady " komega [2 eqn]

¢ Axisymmetric " Unsteady " Reynolds Stress [5 eqn]

" Axisymmetric Swirl

Space Time

OK Cancel Help |

Yelocity Formulation
* Absolute
©" Relative
Gradient Option Porous Formulation

¢ Cell-Based * Superficial Yelocity
" Node-Based " Physical Velocity

oK | Cancel Help




Define Fluid

».

Materials

Name Material Type

fluid

Order Materials By
Iwater—liquid ! * MName
— | A .
Fluent Fluid Materials Ghemical Furinula

water-liquid [h20<1>] v|

Chemical Formula
inzu{1>

Fluent Database... |

User-Defined Database... |

Properties

Density [kg/m3] !cunstant
|

|993.2

Viscosity (kgfm-s) | constant

8.801683

Change/Create Delete




Define Operating Conditions

-
Operating Conditions

Pressure

Operating Pressure [pascal]
181325

Reference Pressure Location

X[m] g
Y [m] (g

oK Cancel Help

Gravity
[ Gravity
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Define Boundary Conditions

IFBnundary Conditions Floid

Zone Name

fwia.r
Material Name water-liquid - | Edit...

[ Source Terms
[ Fixed Values
[ Porous Zone

default-interion

[ Laminar Zone

Motion | Source Terms | Fixed Yalues . Porous Zone | Reaction |

Rotation-Axis Origin J
X [m] g
Y (m) g

Motion Type ’m
[
0K | Cancel Help

Set... Copy... Close Help
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Zone Name
linlet1

Velocity Specification Method %Magnitudﬂ, Normal to Boundary

[
Reference Frame ihhsulutﬂ

Yelocity Magnitude [mfs] Iu_ gan1

|
icunstant

Ok | Can-::t:l_| Ht:lp.

Velocity Inlet

Zone Name
Yelocity Specification Method Magnitude, Normal to Boundary -

Reference Frame ’h

Velocity Magnitude [m{s) ’W

OK Cancel Help




.
Velocity Inlet

Zone Name

intets

Velocity Specification Method Magnitude, Normal to Boundary <

Beference Frame ’h

Velocity Magnitude (m/s) [.0081  [constant |
0K Cancel Help

Velocity Inlet

Zone Name

fnrets

Velocity Specification Method Magnitude, Normal to Boundary ~

Beference Frame lh

Velocity Magnitude (mis) [0.0001  [constamt |

0K | Cancel Help
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Outflow

Zone Mame

oulet

Flow Rate Weighting |4
OK Cancel | Help

35



A X wan X
Zone Name

Zone Name
walli wall?
Adjacent Cell Zone

Adjacent Cell Zone
fluid.11 fluid. 11

Thermal | DPM

Thermal | DPM  Momentum | Species | Radiation | uDs | Granular] Momentum | Species | Radiation | upDs | Granular |

Wall Motion Motion

Wall Motion Motion
{* Stationary Wall | | [

& Stationary Wall || [~
" Moving Wall " Moving Wall
Shear Condition
* Mo Slip

" Specified Shear

Shear Condition

& No Slip
" Specified Shear

0K Cancel Help

oK Cancel Help
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Zone Name

Zone Name
iwalla

wallly

Adjacent Cell Zone
fluid.11

Thermal | DPM

Adjacent Cell Zone

Thermal | DPM

Momentum | Species | Radiation | UDS | Granular.i

Momentum | Species | Radiation | uDs | Granular |
¥vall Motion Motion

Wall Motion Motion
+ Stationary Wall | | [©

& Stationary Wall || [~
" Moving Wall " Moving Wall
Shear Condition

& No Slip
" Specified Shear

Shear Condition

& No Slip
" Specified Shear

0K . Cant:el_]

oK Cancel Help
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-
Wall

Zone Name

walls
Adjacent Cell Zone

fluid .11

Thermal | DPM  Momentum | Species | Radiation | uDS | Granular |

Wall Motion Motion

* Stationary Wall [~
" Moving Wall

Shear Condition

* No Slip
" Specified Shear

OK | Cancel Help
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Solve control solutions

F =]

Solution Controls

Equations £| =| Under-Relaxation Factors

Pressure [g_3 J
Density |4
Body Forces |4

Momentum |g_7

[

Pressure-Yelocity Coupling Discretization

SIMPLE Y| || Pressure[standard < n
Momentum |Second Order Upwind -

0OK Default| Cancel Help
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Solve Solution Initialization and Residual Monitors

Solution Initialization

Compute From Reference Frame
CEUR -| ¢ Relative to Cell Zone

" Absolute

Initial Yalues

Gauge Pressure [pascal) ’u—
XVelocity (mis)[o
Y Velocity (m/s) [o.0001

E

[
Init Heset| Apply| Close Help

1 ] Residual Monitors

Options

I+ Print
v Plot

Storage

lterations ({1 gapg i‘

Mormalization

Plotting
Winduw’n_i‘

lterations |1 po@ i‘

[ Mormalize v Scale Axes... | Curves...

Check Convergence J
Monitor Convergence Criterion

continuity v v 8.881
a.861
a.am

Residual

x-velocity v v

y-velocity v v

[/
oK Plot Henorm Cancel Help
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Solve lteration

Iterate

Iteration

Mumber of Iterations |41 08 i‘
Beporting Interval |4 i‘

UDF Profile Update Interval ’17 i‘
lterate | Apply Close | Help
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Convergence of solution

B FLUENT [0] Fluent Inc []1

Residual=
—continuity
w-welocity
—-welacity

tesill
fes0 4

1e-01

1:-02 o

1003 1
fe-014

Te-05%

1] 0 a0 30 40 50 &0 T =01 a0 100

[terations

Fecaled Residuals

*{ar 19, 2007
FLOENT 6.2 (24, dp, segregated, lam)
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Display of Contours — Velocity Magnitude

B} FLUENT [0] Fluent Inc

ZHe-04
Options Contours of 3. 2de-04
v Filled Velocity... 3.07e-04
¥ Node Values - - 2.90=-04
¥ Global Range LEIBE? Lo il 27304
¥ Auto Range 2.56e-04
2.30e-04
Draw Profiles 2 9704
Draw Grid Surfaces 205
. . Obe-04
default-interior
Levels Setup inletl 1.57e-04
28 =1 = inlet? 1.70e-04
inletd 1.532-04
Surface Name Pattern |j ’
nicL 1.36e-04
Surface Types 1 {904
al’_‘is ﬁ 1.02a-04
clip-su
exhaustfan 5 82e-0
fan f.22e-05
5.11e-04
Display Compute Close Help 3. He-05
1.70e-05
0.00e-+00
Contours of “elocity hagnitude (m/fs) Ivtar 18, 2007

FLUENT 6.2 2d, dp, segregated, lam)
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Display of Contours — Dynamic Head

- B FLUENT [0] Fluent Inc

Options Contours of

Filled Custom Field Functions... - 5.80e-05
Node Values 4.451e-05
Global Range dynam-head -

§.22e-05

Auto Range 4.93e-05
o fide-05
Draw Profiles 4.25e-05
Draw Grid Surfaces =l 4 Dfie-05
default-interior
Levels Setup inletl 3.77e-08
28 il 1 il inlet2 3.43e-05
inlet3 3.19e-05
Surface Name Pattern (jnletd 2 90e.05
Surface Types 2.61e-05
e axis I.32e-08
atc in_
; clip-surf 2.03e-05
exhaustfan
fan 1.74e-05
1.45e-05
Display | Compute Close Help 1.16e-05
8.70e-06
5.80e-06
2. 90e-06
0.00e-+10
Contours of dynam-head hiar 18, 2007

FLUENT 6.2 (2d, dp, segregated, lam)
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Display of Vectors — Velocity Magnitude

Vectors B FLUENT [0] Fluent Inc

Options Vectors of

- Velocity -

W Global Range Color by

v
Auto Range Velocity... -
-
¥ Auto Scale Velocity Magnitude -
[ Draw Grid
Style |arrow =
Scale |2 Surfaces

default-interior

Skip |— il
Yector Options...
Custom Yectors...

Surface Name Pattern

exhaustfan
fan

Display Compute Close Help

3.dda-04
3.27e-04
310e-04
2.0%e-04
2.7he-04
2.A5e-04
2.4He-04
2.24e-04

2.07e-04
1.80e-04
1.72e-04
1.88e-04
1.238e-04

1.21e-04
1.0%e-04
861e-05
£ 5905
5.17e-05 it
3 405 ii,EI'. P
1.72e-05 Btk by

1.00e-02

1 pah
i I‘:“:
RUUE

‘wiglociby “wectors Colared By “welocity hBgnitude (mis)

hdar 19, 2007
FLUENT 6.2 (2d, dp, segregated, lam)
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