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Grid Size
Leuel Cells Faces Hodes Partitions

a 181200 387512 186245 1
2 cell zones, 26 face zones.
Memory Usage

cells faces nodes
Humber Used: 181200 309312 186245
Mbytes Used: 21 23 4
Humber Allocated: 1812008 309312 186245
Mbytes Allocated: 21 23 4
Array Memory Used: 8 HMbytes
Array Memory Allocated: 8 Mbytes
Zone sizes on domain 1:
320848 hexahedral cells, Zzone 2.

692088
18638068
Loen
LB0a
LA0a
LA0a
LA0a
La88
4888
4868
Joen
30608
108008
1080608
168
168
808
88
80
820
LA
2080
20808
108688
692
692

mixed cells, zone 3.

quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral
quadrilateral

wall
wall
wall
wall
wall
wall
wall
wall
wall
wall
wall
wall
wall
wall
wall
wall

82880 quadrilateral

mizZed interior faces, zone 1.

symmetry faces, zone
symmetry faces, zone
faces,
faces,
faces,
faces,
faces,
faces,
faces,
faces,
faces,
faces,
faces,
faces,
faces,
faces,
faces,
faces,
periodic faces,
periodic faces,
periodic faces,
periodic faces,
mixed pressure-outlet faces, zone 25.
mixed velocity-inlet faces, zone 26.

Zone 6.
Zone 29,
Zone §.
Zone 30.
Zone 8.
Zone 31.
Zone 9.
Zone 32.
Zone 18.
Zone 33.
Zone 11.
Zone 12.
Zone 13.
Zone 14,
Zone 15.
zone 16.
Zone 1
Zone 2
Zone 2
Zone 2

3381y Ologdass (W Cowguy

L.

8.
a.
2.
4.

interior faces, zone 28.

488
288
200
1868
186245

quadrilateral
quadrilateral
quadrilateral
quadrilateral
nodes.

»» 1 Partitions:

P
A

Cells
181288

shadow faces,
shadow faces,
shadow faces,
cshadow faces,

I-Cells Cell Ratio

\ .

Zone
Zone
Zane
Zone

17.
19.
21.
23.

C~nﬁ3

Faces I-Faces Face Ratio Heighbors
387512

v



Collective Partition Statistics: Minimum  Maximum  Total
Cell count 1812808 101288 101288
Mean cell count deviation a.a8% a.a8%

Partition boundary cell count 5] 8 g
Partition boundary cell count ratio a.8% a.8% a.8%
Face count 387512 387512 387512
Hean face count deviation a.8% a.8%

Partition boundary face count a 8 8
Partition boundary face count ratio a.8% a.8% a.8%
Partition neighbor count 8 g

Partition HMethod Principal fAxes

Stored Partition Count 1

Stored Partition Count 1

Computing connected regions; type “C to interrupt.
Connected region count = 6
Done.

FLUEHT
Uersion: 3d, pbns, lam, unsteady (2d, pressure-based, laminar, unsteady}
Release: 6.3.26

Title:

Models
Hodel Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Uiscous Laminar
Heat Transfer Enabled
Solidification and Melting Disabled
Radiation Hone
Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled
Pollutants Disabled
Soot Disabled

Boundary Conditions

Zones

name id type

s 2 solid

air 3 Fluid

output 25 pressure-outlet
input 26 wvelocity-inlet
pfu L symmetry

pfd Y symmetry

\oY



air

ps5 18  periodic
ps3 28 periodic
psi 22 periodic
pfi 24 periodic
wsf1-shadow 33 wall
wsf2-chadow 32 wall
wsfd-shadow 31 wall
wsfi-shadow 38 wall
wsfS-shadow 29 wall
wsfo [i] wall
wsfh ¥ wall
wsfd 8 wall
wsf2 9 wall
wsf1 18 wall
s-out 11 wall
s-in 12 wall
s-outd 13 wall
s—outup 14 wall
s—-ind 15 wall
s—-inup 16 wall
default-interior 28 interior
default-interior:681 1 interior
Boundary Conditions

5
Condition Value
Material Hame steel
Specify source terms? no
Source Terms ()
Specify fixed values? no
Fixed Ualues ()
Hotion Type a
%-Uelocity OF Z2one {m/fs) ]
¥Y-Uelocity OF Z2one {mfs) ]
2-Uelocity OF Z2one {mfs) A
Rotation speed {rad/s) a
%-0rigin of Rotation-fAxis (m) a
¥Y-0rigin of Rotation-Axis (m) a
Z-0rigin of Rotation-fAxis (m) a
%-Component of Rotation-Axis a
Y-Component of Rotation-fAxis a
2-Component of Rotation-Axis 1
Deactivated Thread no

Condition

Material Hame

Specify source terms?

Source Terms

Specify fixed values?

Local Coordinate System for Fixed Uelocities

Fixed Ualues
Hotion Type

X-Uelocity OF Zone {m/fs)

Vo f



¥Y-Uelocity OF Zone (m/s)
Z-Uelocity OF Zone (m/s)

Rotation speed (rad/ss)

%-0rigin of Rotation-Axis {m)
¥Y-0rigin of Rotation-Axis {m)
2-0rigin of Rotation-Axis {m)
%-Component of Rotation-Axis
¥Y-Component of Rotation-fAxis
Z-Component of Rotation-Axis
Deactivated Thread

Porous zone?

Conical porous zone?

4-Component of Direction-1 Uector
Y-Component of Direction-1 VUector
Z-Component of Direction-1 Uector
#-Component of Direction-2 Uector
¥Y-Component of Direction-2 Uector
Z2-Component of Direction-2 Vector

X-Component
¥Y-Component
Z-Component

of
of
of

Cone Axis
Cone Axis
Cone Axis

Uector
Uector
Uector

X-Coordinate of Point on Cone Axis {(m)
¥-Coordinate of Point on Cone AxXis {m)
Z-Coordinate of Point on Cone AxXis {(m)

Half Angle of Cone Relative to its Axis {deq)
Relative VUelocity Resistance Formulation?
Direction-1 Uiscous Resistance {1/m2)
Direction-2 Uiscous Resistance {1/m2)
Direction-3 Uiscous Resistance {(1/m2)

Choose alternative formulation for inertial resistance?
Direction-1 Inertial Resistance {1/m)
Direction-2 Inertial Resistance {1/m)
Direction-3 Inertial Resistance (1/m)

CB Coefficient for Power-Law

C1 Coefficient For Power-Law

Porosity

S0lid HMaterial Hame

output

Condition
Gauge Pressure (pascal) [§]
Backflow Total Temperature (k) 3
Backflow Direction Specification Hethod 1
Coordinate System 8
4-Component of Flow Direction 1
Y-Component of Flow Direction 8
Z-Component of Flow Direction 8
&-Component of Axis Direction 1
Y-Component of Axis Direction ]
Z-Component of Axis Direction ]
#-Coordinate of Axis Origin (m) a
Y-Coordinate of Axis Origin (m) a
Z2-Coordinate of Axis Origin (m) a

is zone used in mixing-plane model? no
Radial Equilibrium Pressure Distribution no
Specify targeted mass flow rate no
Targeted mass flow (kg/ss) 1

AR
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input

Condition

Velocity Specification Hethod

Reference Frame

Uelocity Hagnitude {mfs)
Coordinate System
X-Uelocity {m/fs)
¥Y-Uelocity {m/fs)
Z-Uelocity {m/fs)

S-Component
¥Y-Component
Z-Component
X-Component
¥Y-Component
Z-Component

%-Coordinate of Axis Origin {m)
¥Y-Coordinate of Axis Origin {m)
Z2-Coordinate of Axis Origin (m)

of
of
of
of
of
of

Flow
Flow
Flow
Axis
Axis
Axis

Direction
Direction
Direction
Direction
Direction
Direction

Ainqular velocity {rad/s)

Temperature (k)
is zone used in mizing-plane model?

pfu

pfd

psS

Rotationally Periodic? no

ps3

Condition

Rotationally Periodic? no

psi

Condition

Rotationally Periodic? no

pf1

Condition

Rotationally Periodic? no

\ .

-3808aa2
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wst1-shadow

Condition

Wall Thickness {m)

Heat Generation Rate {w/m3)

Material Hame

Thermal BC Type

Temperature (k)

Heat Flux {w/m2)

Convective Heat Transfer CoeffFicient (w/m2-k)
Free Stream Temperature (k)

Enable shell conduction?

Wall HMotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity HMagnitude {m/s)

4-Component of Wall Translation
¥Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
%-Component of Wall Translation {mfs)
Y-Component of Wall Translation {m/s)
Z-Component of Wall Translation {m/s})
External Emissivity

External Radiation Temperature (k)
Rotation Speed {rad/fs)

%-Position of Rotation-Axis Origin {m}
¥Y-Position of Rotation-Axis Origin {m}
Z-Position of Rotation-Axis Origin {m}
%-Component of Rotation-Axis Direction
Y-Component of Rotation-fAxis Direction
Z2-Component of Rotation-Axis Direction
X-component of shear stress (pascal)
¥Y-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient {n/m-k)
Specularity Coefficient

wsf2z-shadow

Condition

Wall Thickness {m)

Heat Generation Rate {w/m3)

Haterial Hame

Thermal BC Type

Temperature (k)

Heat Flux {w/m2)

Convective Heat Transfer CoeffFicient {(w/m2-k)
Free Stream Temperature (K)

Enable shell conduction?

Wall Hotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity Hagnitude {m/fs)

4-Component of Wall Translation

¥Y-Component of Wall Translation

AR

yes
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Z-Component of Wall Translation a
Define wall velocity components? no
#-Component of Wall Translation {m/fs) a
Y-Component of Wall Translation {m/s) a
Z2-Component of Wall Translation {m/fs) a
External Emissivity 1
External Radiation Temperature (k) 3068
Rotation Speed {rad/s) a
&-Position of Rotation-Axis Origin {m) a
¥Y-Position of Rotation-Axis Origin {m) a
Z-Position of Rotation-Axis Origin {m) a
%-Component of Rotation-Axis Direction ]
Y-Component of Rotation-Axis Direction 8
2-Component of Rotation-fAxis Direction 1
X-component of shear stress (pascal) a8
Y-component of shear stress (pascal) A
Z-component of shear stress (pascal) [§]
Surface tension gradient (n/m-k) a
Specularity Coefficient ]
wsf3I-shadow
Condition Value
Wall Thickness {m) a
Heat Generation Rate {w/m3) a
Material Hame steel
Thermal BC Type 3
Temperature (k) 208
Heat Flux {w/m2) a
Convective Heat Transfer CoeffFicient {w/m2-k) 1]
Free Stream Temperature (k) 388
Enable shell conduction? no
Wall Hotion i}
Shear Boundary Condition ]

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall?
Uelocity HMagnitude {mfs)

=
=

X-Component
¥-Component
Z-Component
Define wall
X-Component
¥Y-Component
Z-Component

of Wall Translation
of Wall Translation
of Wall Translation
velocity components?
of Wall Translation (m/s)
of Wall Translation (m/s)
of Wall Translation {(m/s)

=

External Emissivity

External Radiation Temperature (k)
Rotation Speed {rad/ss)

#-Position of Rotation-Axis Origin {m)
¥Y-Position of Rotation-Axis Origin {m)
Z2-Position of Rotation-Axis Origin (m)
4-Component of Rotation-Axis Direction
Y-Component of Rotation-fAxis Direction
2-Component of Rotation-Axis Direction
X-component of shear stress (pascal)
¥-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient (n/m-k)
Specularity Coefficient

o oooo-ogoooooWwaLooond oo ==
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wsti4-shadow

Condition

Wall Thickness {m)

Heat Generation Rate {w/m3)

Haterial Hame

Thermal BC Type

Temperature (k)

Heat Flux {(w/m2)

Conuvective Heat Transfer Coefficient {w/m2-k)
Free Stream Temperature (k)

Enable shell conduction?

Wall HMotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity Magnitude {m#fs)

&-Component of Wall Translation
¥-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
%-Component of Wall Translation {m/s)
Y-Component of Wall Translation {m/s)
2-Component of Wall Translation {m/s)
External Emissivity

External Radiation Temperature {k}
Rotation Speed (rad/ss)

&-Position of Rotation-Axis Origin {m)
¥Y-Position of Rotation-Axis Origin {m)
Z2-Position of Rotation-Axis Origin ({m)
%-Component of Rotation-Axis Direction
Y-Component of Rotation-fAxis Direction
2-Component of Rotation-Axis Direction
X-component of shear stress (pascal)
¥Y-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient {n/m-k)
Specularity Coefficient

wstS-shadow

Condition

Wall Thickness {m)

Heat Generation Rate {w/m3)

Haterial Hame

Thermal BC Type

Temperature (k)

Heat Flux {w/m2)

Convective Heat Transfer Coefficient {w/m2-k)
Free Stream Temperature (K)

Enable shell conduction?

Wall HMotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity Hagnitude {mfs)

X-Component of Wall Translation

¥Y-Component of Wall Translation

y-Q

YES
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Z-Component of Wall Translation a
Define wall velocity components? no
#-Component of Wall Translation {mfs) a
¥Y-Component of Wall Translation {mfs) a
Z-Component of Wall Translation {m/s) a
External Emissivity 1
External Radiation Temperature (k) 308
Rotation Speed (rad/s) a
%-Position of Rotation-fAxis Origin {m} a
¥Y-Position of Rotation-Axis Origin {m} a
Z-Position of Rotation-Axis Origin {m} a
%-Component of Rotation-Axis Direction a
Y-Component of Rotation-Axis Direction a
Z-Component of Rotation-Axis Direction 1
X-component of shear stress (pascal) a
¥Y-component of shear stress (pascal) a
Z-component of shear stress (pascal) a
Surface tension gradient {n/m-k) a
Specularity Coefficient a
wsfo
Condition Ualue
Wall Thickness {m) a
Heat Generation Rate {w/m3) a
Material Hame steel
Thermal BC Type 3
Temperature (k) 2006
Heat Flux {(w/m2)} a
Convective Heat Transfer CoeffFicient {(w/m2-k) 8
Free Stream Temperature (k) 388
Enable shell conduction? no
Wall Motion f}
Shear Boundary Condition g

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall?
Uelocity Magnitude {m/s)

4-Component of Wall Translation

=
=

¥Y-Component
Z-Component
Define wall
X—-Component
¥-Component
Z-Component

of Wall Translation
of Wall Translation
velocity components?
of Wall Translation {(m#s)
of Wall Translation {(m#s)
of Wall Translation {m/s)

External Emissivity

External Radiation Temperature (k)
Rotation Speed (rad/s})

&-Position of Rotation-Axis Origin {m)
¥Y-Position of Rotation-Axis Origin {m)
Z-Position of Rotation-Axis Origin {m)
%-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
2-Component of Rotation-fAxis Direction
X-component of shear stress (pascal)
¥Y-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient {n/m-k)
Specularity Coefficient

Y.

=]
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wsth

Condition

Wall Thickness {m)

Heat Generation Rate {w/m3)

Material Hame

Thermal BC Type

Temperature (k)

Heat Flux {(w/m2)

Convective Heat Transfer Coefficient {w/m2-k)
Free Stream Temperature (k)

Enable shell conduction?

Wall HMotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity Magnitude {m/s)

#-Component of Wall Translation
¥Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
4-Component of Wall Translation {m/fs)
Y-Component of Wall Translation {m/fs)
Z-Component of Wall Translation {m/fs)
External Emissivity

External Radiation Temperature (k)
Rotation Speed {rad/s)

%-Position of Rotation-Axis Origin (m)
¥Y-Position of Rotation-Axis Origin (m)
2-Position of Rotation-fAxis Origin {m)
4-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X—component of shear stress (pascal)
¥Y-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient {n/m-k)
Specularity Coefficient

wsf3

Condition

Wall Thickness {m)

Heat Generation Rate {w/m3)

Material Hame

Thermal BC Type

Temperature (k)

Heat Flux {w/m2)

Convective Heat Transfer Coefficient {w/m2-k)
Free Stream Temperature (k)

Enable shell conduction?

Wall HMotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity HMagnitude {mfs)

%-Component of Wall Translation

¥Y-Component of Wall Translation

Z-Component of Wall Translation

RN

yes

=
= =
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Define wall velocity components? no
&-Component of Wall Translation {m/fs) a
¥Y-Component of Wall Translation {m/fs) a
Z-Component of Wall Translation {m/fs) a
External Emissivity 1
External Radiation Temperature (k) Jao
Rotation Speed {(rad/s) 8
%-Position of Rotation-fAxis Origin {m) a
Y-Position of Rotation-fAxis Origin {m)} a
Z-Position of Rotation-fAxis Origin {m) a
%-Component of Rotation-Axis Direction a
¥Y-Component of Rotation-Axis Direction a
Z-Component of Rotation-Axis Direction 1
X—component of shear stress (pascal) a
¥Y-component of shear stress (pascal) a
Z-component of shear stress (pascal) a
Surface tension gradient {n/m-k) a
Specularity Coefficient g
usf2
Condition Ualue
Wall Thickness (m) 8
Heat Generation Rate {w/m3) a
Material Mame steel
Thermal BC Type 3
Temperature (k) 388
Heat Flux {(w/m2) a
Convective Heat Transfer CoefFicient {(w/m2-k) 1]
Free Stream Temperature (k) 208
Enable shell conduction? no
Wall Hotion i}
Shear Boundary Condition ]

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall?
Uelocity Hagnitude {m/s)

4-Component of Wall Translation

=
=]

¥Y-Component
Z-Component
Define wall
S—Component
Y-Component
Z-Component

of Wall Translation
of Wall Translation
velocity components?
of Wall Translation {(m#s)
of Wall Translation {(m#s)
of Wall Translation {m/s)

=]

External Emissivity

External Radiation Temperature (k)
Rotation Speed (rad/s)

%-Position of Rotation-Axis Origin {m)
¥Y-Position of Rotation-Axis Origin {m)
Z-Position of Rotation-Axis Origin {m)
%-Component of Rotation-Axis Direction
Y-Component of Rotation-fAxis Direction
Z2-Component of Rotation-Axis Direction
X-component of shear stress (pascal)
¥Y-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient {n/m-k)
Specularity Coefficient

o oooo-ooooooWaLoood oo -t
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wsf1

Condition

Wall Thickness {m)

Heat Generation Rate {w/m3)

Material Hame

Thermal BC Type

Temperature (k)

Heat Flux (w/m2)

Convective Heat Transfer Coefficient (w/m2-k)
Free Stream Temperature (k)

Enable shell conduction?

Wall Hotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity Hagnitude {m/s)

4-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
%-Component of Wall Translation {mfs)
¥Y-Component of Wall Translation {mfs)
Z-Component of Wall Translation {m/s)
External Emissivity

External Radiation Temperature (k)
Rotation Speed (rad/fs)

%-Position of Rotation-Axis Origin {m}
¥Y-Position of Rotation-Axis Origin {m}
Z-Position of Rotation-Axis Origin {m}
%-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z2-Component of Rotation-fAxis Direction
X-component of shear stress (pascal)
¥Y-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient {n/m-k)
Specularity Coefficient

s-out

Condition

Wall Thickness {m)

Heat Generation Rate {w/m3)

Material Hame

Thermal BC Type

Temperature (k)

Heat Flux {(w/m2)

Convective Heat Transfer Coefficient {w/m2-k)
Free Stream Temperature (K}

Enable shell conduction?

Wall HMotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity HMagnitude {mfs)

&-Component of Wall Translation

¥Y-Component of Wall Translation

Z-Component of Wall Translation

Y

yes

-
= =
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Define wall velocity components? no
#-Component of Wall Translation {mfs) 5]
Y-Component of Wall Translation {m/fs) a
Z-Component of Wall Translation {m/fs) a
External Emissivity 1
External Radiation Temperature (k) 208
Rotation Speed {rad/s) 1]
%-Position of Rotation-Axis Origin (m) 1]
¥Y-Position of Rotation-Axis Origin {m) §]
Z-Position of Rotation-Axis Origin {m) a
#-Component of Rotation-fAxis Direction ]
Y-Component of Rotation-Axis Direction ]
Z-Component of Rotation-Axis Direction 1
X-component of shear stress (pascal) 8
Y-component of shear stress (pascal) 8
Z-component of shear stress (pascal) [§]
Surface tension gradient (n/m-k) §]
Specularity Coefficient ]
s-in
Condition Ualue
Wall Thickness {m) a
Heat Generation Rate {w/m3) a8
Material Hame steel
Thermal BC Type 1
Temperature (k) 2088
Heat Flux (w/m2) a
Convective Heat Transfer Coefficient (w/m2-k) a
Free Stream Temperature (K} 308
Enable shell conduction? no
Wall Hotion 8
Shear Boundary Condition a

Define wall motion relative to adjacent cell zone?  yes
Apply a rotational velocity to this wall?
Uelocity HMagnitude {m/fs)

=
=]

X—-Component
Y-Component
Z-Component
Define wall
X-Component
¥Y-Component
Z-Component

of Wall Translation
of Wall Translation
of Wall Translation
velocity components?
of Wall Translation {(m/s)
of Wall Translation {m/s)
of Wall Translation {(m/s)

External Emissivity

External Radiation Temperature (k)
Rotation Speed (rad/s)

%-Position of Rotation-Axis Origin {m)
¥Y-Position of Rotation-fxis Origin {m)
2-Position of Rotation-fAxis Origin {m)
X-Component of Rotation-Axis Direction
¥Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
S—component of shear stress (pascal)
Y-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient {n/m-k)
Specularity Coefficient

WY

=
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s—-outd

Condition

Wall Thickness {(m)

Heat Generation Rate {w/m3)

Material Hame

Thermal BC Type

Temperature (k)

Heat Flux (w/m2)

Conuvective Heat Transfer Coefficient (w/m2-k)
Free Stream Temperature (k)

Enable shell conduction?

Wall Hotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity HMagnitude {m/fs)

&-Component of Wall Translation
¥Y-Component of Wall Translation
Z2-Component of Wall Translation

Define wall velocity components?
%-Component of Wall Translation {(m/s)
Y-Component of Wall Translation {(m/s)
Z2-Component of Wall Translation {m/s)
External Emissivity

External Radiation Temperature (k)
Rotation Speed (rad/s)

%-Position of Rotation-aAxis Origin {m)
¥Y-Position of Rotation-Axis Origin {m)
2-Position of Rotation-fAxis Origin {m)
%-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
S—component of shear stress (pascal)
Y-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient {n/m-k)
Specularity Coefficient

s—outup

Condition

Wall Thickness {m)

Heat Generation Rate {w/m3)

Material Hame

Thermal BC Type

Temperature (k)

Heat Flux {(w/m2)

Convective Heat Transfer Coefficient {(w/m2-k)
Free Stream Temperature (k)

Enable shell conduction?

Wall HMotion

Shear Boundary Condition

Define wall motion relative to adjacent cell zone?
Apply a rotational velocity to this wall?
Uelocity Magnitude {m/s)

&-Component of Wall Translation

¥Y-Component of Wall Translation

RN

yes

=
= =]
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Z-Component of Wall Translation a
Define wall velocity components? no
%-Component of Wall Translation {m/s) a
Y-Component of Wall Translation {m/s}) a
2-Component of Wall Translation {m/s} a
External Emissivity 1
External Radiation Temperature (k) Jan
Rotation Speed (rad/s) a
&-Position of Rotation-Axis Origin {m} a
¥Y-Position of Rotation-fAxis Origin {m) a
2-Position of Rotation-fAxis Origin {m) 8
%-Component of Rotation-fAxis Direction 8
Y-Component of Rotation-Axis Direction 8
Z-Component of Rotation-Axis Direction 1
S—component of shear stress (pascal) a
Y-component of shear stress (pascal) a
Z-component of shear stress (pascal) §]
Surface tension gradient {n/m-k) 8
Specularity Coefficient 8
s—ind
Condition Ualue
Wall Thickness {m) a
Heat Generation Rate {w/m3) a
Haterial Hame steel
Thermal BC Type 1
Temperature (k) 2008
Heat Flux {(w/m2) a
Convective Heat Transfer Coefficient {w/m2-k) a
Free itream Temperature (K} 388
Enable shell conduction? no
Wall Hotion 8
Shear Boundary Condition 5]

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall?
Uelocity HMagnitude {mfs)

#-Component of Wall Translation
Y-Component of Wall Translation

=
=]

Z-Component
Define wall
#-Component
Y-Component
Z-Component

of Wall Translation
velocity components?
of Wall Translation {(m/s)
of Wall Translation {m/s)
of Wall Translation {(m#s)

External Emissivity

External Radiation Temperature (k)
Rotation Speed {rad/s)

#-Position of Rotation-Axis Origin ({m)
Y-Position of Rotation-Axis Origin {m)
2-Position of Rotation-fAxis Origin {m)
4-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
f&—component of shear stress (pascal)
Y-component of shear stress (pascal)
Z-component of shear stress (pascal)
Surface tension gradient {n/m-k)
Specularity Coefficient

\Rld
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s—-inup
Condition Ualue
Wall Thickness {m) a
Heat Generation Rate {w/m3) a8
Haterial Hame steel
Thermal BC Type 1
Temperature (k) 2088
Heat Flux (w/m2) a
Convective Heat Transfer Coefficient {w/m2-k) a
Free Stream Temperature (k) 308
Enable shell conduction? no
Wall Hotion 8
Shear Boundary Condition a
Define wall motion relative to adjacent cell zone?  yes
Apply a rotational wvelocity to this wall? no
Uelocity Hagnitude {m/s) a
#-Component of Wall Translation 1
¥Y-Component of Wall Translation a
Z-Component of Wall Translation a
Define wall velocity components? no
4-Component of Wall Translation {m/fs) a
Y-Component of Wall Translation {mfs) a
Z-Component of Wall Translation {mfs) a
External Emissivity 1
External Radiation Temperature (k) 3ea
Rotation Speed {rad/s) a
#-Position of Rotation-Axis Origin (m) a
¥Y-Position of Rotation-Axis Origin (m) a8
2-Position of Rotation-Axis Origin {m) 8
4-Component of Rotation-Axis Direction a
Y-Component of Rotation-Axis Direction a
Z-Component of Rotation-Axis Direction 1
f&—component of shear stress (pascal) a
Y-component of shear stress (pascal) a
Z-component of shear stress (pascal) a
Surface tension gradient {n/m-k) a8
Specularity Coefficient a

default-interior

Condition Ualue

default-interior : 8681

Condition Ualue

FLUENT

Version: 3d, pbns, lam, unsteady (3d, pressure-based, laminar, unsteady)
Releasce: 6.3.26
Title:

50lver Controls

Equations

VY



Equation Solved

Flow yes
Energy yes
Humerics
Humeric Enabled

fibsolute Uelocity Formulation  yes

Unsteady Calculation Parameters

Time Step (s5) 1
Hax. Iterations Per Time Step 48
Relaxzation
Uariable Relaxation Factor
Pressure a.3aa80001
Density 8.5
Body Forces 8.69000000
Homentum A.699909909
Energy A.69000000
Linear Soluver
Solver Termination
Variable Type Criterion

Pressure U-Cycle 8.1
X-Homentum Flexible 8.1
¥-Homentum Flexible 8.1
Z-Homentum Flexible 8.1
Energy Flexible 8.1

Pressure-Uelocity Coupling

Parameter Value

Type SIWMPLE
Discretization Scheme

Uariable Scheme

Pressure Standard
Homentum  First Order Upuwind
Energy First Order Upwind

Solution Limits
Quantity Limit

Minimum Absolute Pressure 1
Maximum Absolute Pressure Le+18

YA

Residual Reduction
Tolerance



Hinimum Temperature 1
Haximum Temperature Saaa

Material Properties

Material: gas {(fluid)

Property Units Hethod Ualue{s}
Density kg/m3 constant B.67838061
Cp (Specific Heat) jfkg-k constant 1135
Thermal Conductivity w/m-k constant 8.839799999
Uiscosity kg/m-5 constant 2_6739999e-085
Holecular Weight kg/kqgmol constant 28._.946

L-J Characteristic Length angstrom constant 3.711

L-J Energy Parameter K constant 8.6
Thermal Expansion Coefficient 1/k constant g

Degrees of Freedonm constant 8

Speed of Sound mfs none #F

Material: steel (so0lid)

Property Units Method Ualue(s)
Density kq/m3 constant 7883
Cp {Specific Heat) jfkg-k  constant  518.5

Thermal Conductivity w/m-k constant  53.288881

Material: air (Fluid)

Property Units Hethod Ualue{s}
Density kg/m3 constant 8. 77458061

Cp (Specific Heat) jfkg-k constant 1865

Thermal Conductivity wim-k constant 0.8366000061
Uiscosity kg/m-s constant 2.5109999e-8C
Holecular Weight kg/kgmol constant 28._.946

L-J Characteristic Length angstrom constant 3.711

L-J Energy Parameter k constant 8.6

Thermal Expansion Coefficient 17k constant 8

Degrees of Freedom constant a

Speed of Sound mfs none f
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Abstract

As consumption of electrical energy in the world is increasing, optimization of energy
in power plants is inevitable. Ljungstrom air preheater with recycling the energy and
preheating the air significantly saves the energy.

Rotary regenerative or air preheater (Ljungstrom), is one of the most important
exchangers for recovery and improvement of energy. Ljungstrom preheats the input air
to the boiler to raise the efficiency of many plants around the world. In this study a
numerical investigation of heat transfer in regard to the improvement of the Ljungstrom
performance is done. Tridimensional model with regard to the symmetry of the
geometry is a part of heat transfer surface. Comparing the results of the numerical
solution with real results in steady state, shows that the proposed model is an acceptable
model.

In transient analysis of this model, time performance of Ljungstrom to achieve the
stable conditions has been investigated. The results show the matching time between
warm and cold parts in stable dynamic conditions.

The investigation of relation between rotational speed and air and flue gas outlet
temperature, are showed as curves.

Finally to investigate the geometrical profile of heat transfer surface, the same analysis
is done in a kind of heat transfer surfaces and by changing the thickness and distance
between plates some proposals are presented.

Key words: optimization, air preheater, Ljungstrom, numerical investigation, steady state, rotational
speed, heat transfer surface.
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