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Abstract

The present master thesis concerns the horizontal dry pulverizer of NTUA. This ring mill was
designed and built by Mr. Makris and Mrs. Founti with the aim of practical pulverization of
industrial minerals and agglomerates for industrial uses. In this thesis, a 3D imprint of the
existing mill was made in Solidworks. In second phase, a heat shield was designed, which is
recommended for cooling the mill. The extension of the heat shield is a water cooling system
designed by Solidworks. In addition to the design pieces, the simple heat shield containing
water as a coolant was introduced in Ansys for further analysis. After carefully creating the
Mesh of the volumes, we proceeded to Setup, where the domains were initialized and the
states in each case were defined. The Transient Analysis performed refers to three different
water flow rates. In the end the results were collected and commented. At the same time,
topics for future research are proposed.
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Metallic Native-Pt, -Au, -Ag, -Cu, chalcopyrite,
sphalerite, galena, hematite, magnetite,
pyrite, pyrrho-tite, bauxite

Noble Gold, silver, platinum, palladium.

Industrial Quartz, garnet, phosphate, asbestos, barite

Gemstones Amethyst, aquamarine, diamond, emerald,
garnet, opal, ruby, sapphire, topaz, zircon.

Rock Granite, marble, limestone, rock salt.

Bulk/aggregate

Sand, gravel

Mineral fuel Coal, crude oll, gas.
Strategic Uraninite, pitchblende, thorianite,
wolframite.

Life essential

Natural water.

Rare earth Lanthanum (La), cerium (Ce), neodyminum
(Nd), promethium (Pm).
Ocean Poly-metallic nodules, coral, common salt,

potassium.
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Quartz Si02

Barite BaSO4

Calcite CaCoO3

Clay minerals All types

Dolomite CaMg(C03)2

Feldspar All types

Garnet All types

Gypsum CaS042H20

Mica All types

Pyrite FeS

Pyrrhotite FenS(n+1)
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> Revolving
eccentric
mass

Revolving
eccentric

mass 0 \Support
springs

Support
springs

() HV30 type tanderm-ring mill (a) TR3000 type tandem-ring mill (ERVIC ek g il

Inner length of mill chamber

Inner length of mill

chamber 1640 mm Interior length of mill

chamber 3000 mm

Inner diameter of mill
chamber 278 mm

b Outer diameter 252 mm

Ring media (Max 71)
Outer diameter 637 mm
Inner diameter 550 mm
Thickness 42 mm

Inner diameter of mill

Thickness 21 mm
Cog height 2 mm

Inner diameter of mill
chamber 669 mm
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[Namel],,,
cylidertemp92,,,
[Spatial Fields],,,
XYz,

1

[Data],,,

X[mm],y[mm],z[mm],Temperature[C]

504.17,-22.781,187.62,51.30
504.17,-45.231,183.51,51.30
504.17,-67.02,176.72,51.30
504.17,-87.833,167.35,51.30
504.17,-107.36,155.54,51.30
504.17,-125.33,141.47,51.30
504.17,-141.47,125.33,51.30
504.17,-155.54,107.36,51.30
504.17,-167.35,87.833,51.30
504.17,-176.72,67.02,51.30
504.17,-183.51,45.231,51.30
504.17,-187.62,22.781,51.30
504.17,-189,-3.39E-12,51.30
504.17,-187.62,-22.781,51.30
504.17,-183.51,-45.231,51.30
504.17,-176.72,-67.02,51.30
504.17,-167.35,-87.833,51.30
504.17,-155.54,-107.36,51.30
504.17,-141.47,-125.33,51.30
504.17,-125.33,-141.47,51.30
504.17,-107.36,-155.54,51.30
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[Name],,,
cylidertemp93,,,
[Spatial Fields],,,
XYz,

1

[Data],,,

X[mm],y[mm],z[mm],Temperature[C]

481.25,-22.781,187.62,52.98
481.25,-45.231,183.51,52.98
481.25,-67.02,176.72,52.98
481.25,-87.833,167.35,52.98
481.25,-107.36,155.54,52.98
481.25,-125.33,141.47,52.98
481.25,-141.47,125.33,52.98
481.25,-155.54,107.36,52.98
481.25,-167.35,87.833,52.98
481.25,-176.72,67.02,52.98
481.25,-183.51,45.231,52.98
481.25,-187.62,22.781,52.98
481.25,-189,-3.32E-12,52.98
481.25,-187.62,-22.781,52.98
481.25,-183.51,-45.231,52.98
481.25,-176.72,-67.02,52.98
481.25,-167.35,-87.833,52.98
481.25,-155.54,-107.36,52.98
481.25,-141.47,-125.33,52.98
481.25,-125.33,-141.47,52.98
481.25,-107.36,-155.54,52.98
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5.4 Setup

5.4.1 Analysis Type

£ U @nalysis Type U~ sdheTeansient, 8 Ud 1yds 6 gee@UUbWBppU ) ¢ 6 oy Walg U(d
o Uai (leWed h.x:afTime Duration e } a & Wdretél Time 120s, ¥ dTime Steps 1sa U9

¥ dlnitial Time d U

5.4.2 User Functions

5 a-Automatic with value 0s.

). Wd@° e aTolsdi Uleitialize Profile Data e § a (i Wald) ¢ sdelyjde 6 o 30 Wiindesg

UGgUai uugg’u?alﬁJGU; GL(osa')
gs GUs axegyseltFanctlon ¢ uJ’
UdAio o fB6U

e UU oyl

View1 v

gy U
Uy oa
AU tied, &

0.600 (m)
]

0.150

¥ . oylidertemps

] £ cylidertemps1
[ fe cylidertempa10
[ fx cylidertempgi1
[ fe cylidertemps12
O f cylidertemp313
[ £ cylidertempg14
[ fe cylidertempa15s
[ £ cylidertemp315
[ fe cylidertemps17
[ f cylidertempa1s
[ £ cylidertempg 13
[ fe cylidertempaz
[ £ cylidertemp33
[ fe cylidertempa4
[ £« cylidertempas
[ £ cylidertempsa
[ fe cylidertempa7
[ £ cylidertempsa
[ fe cylidertempas

0.450

A o o BB User Functions

2021 R1

oyl

KoofpaBla U} ¢ 6 o jJUkbadesdlegUai (iagd

yg UUslg;, ¢ Uy e;gUa Ay e @ dy ueeugbhjﬁ f o aldy U@, ¢ a U]
U e f) ey gesa o jaUR jo 4) & eNpded)f
s 6 g} oseRtfadaallBds Functions.

hd User Functions

¥*Jg W a 3 alisULEbs o fﬁ'.’a
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5.4.3 Expressions

z Ub ¥ GlWser Functions” 6 § d & 969} 9 VIEJliJ U¢ By Glird g3 U) Ueldiv®sy 3
e UUUD edoU 3¢ 6 o U@Jags:k,ld;), vgJUU y 3 U dJe 9849} o8 lal 43@9YU¥
Expressions. ¢ UExpressions U g Uy § W RJ &Expression 21, UG 6 j dlidqg o (i j Wigdf

3@

o -

Y
e OU0UDBdelie) ) e e o U@ p ey a3 @ife by¥3&dUmad 093Uy 6.

hd Expressions

Expression 1 {gradi“t+cpldertemp? . Tempenature{x, v, z})
Expression 10 (Grad 10 t+oplderfamp R 10, Temperature(X, v,z
Expression 11 {grad 11 t+cpliderfemp?i . Temperature(x, y,z})
Expression 12 (Gradi2<t+cplderfampPi2. Temperaturel, v,z
Expression 13 (grad 13 t+cpliderfemp13. Temperature(x, y,z})
Expression 14  (pradi4 t+cplderfampPi4. Temperature(x, y,2})
Expression 15  (grad157t+cpldertempi5. Temperature(x, y,z})
Expression 16 (grad 16 “t+cplderfemp?16. Temperature(x, y,2))
Expression 17 (grad 177 t+cpldertemp17. Temperature (X, y,z})
Expression 18 (grad 18 t+cplderfemp 8. Temperature(x, y,z))
Expression 19  (Gradi9<t+oplderfampR 19, Temperaturely, v,z
Expression 2 (grad2 t+cplidertemptl, Tempenature{x, y,z))
Expression 20  (Grad20“t+cplderfamps. Temperature{x, y,z})
Expression 21 iffie<0. 550{m] i< 0. 504fmj, ifx<0. 98 1fm], iffe<0
Expression 3 (grad3 t+cpldertempd 3. Temperature{x, )y, z})
Expression 4  (grad$ t+cplidertemp4. Temperaturelx, ), z})
Expression 5 {pradS t+cpldertemp?s. Tempenature{x, y,z})
Expression & (Grads“t+cplidertempds. Temperaturelkx, . 2))
Expression 7 ({grad7 t+cplideriempd 7, Tempenature{x, v, z})
Expression 8 (Grad8 t+cplidertempds. Temperaturelkx, . z})
Expression 9 (grad? t+cplideriempds, Tempenature{x, y,z))

F e [ [ i e B s s T T = e e e s T s = e i s e s s B B = e e e B s B = i s s s e |

grad1 1.37990k4]
grad10 3.8687%5ET
gradi1l 3.8897KE]
grad12 3.8993k4&7
grad13 3. 8748KET
grad14 3. F7akAET
grad15 36112057
grad1s 3. 3069057
gradi? 2 9705kE]
grad18 2. 57890kET
grad19 2 4585 kET
grad2 257N
grad20 4 13337 k&7
grad3 2 941075
grad4 3. 23490k&T
grads 34123057
grade J.492kE7
grad? 363720k4ET
grads 3 A093KET
grads 3. 78250kET
< >

A o o B8 EXpressions

¢ cExpression 21 U a a0 dfsdge’ Uy sofeBis Ba yExpresgions 8 Ueh o ¥
UddidesesgUgt U atedsdys U, UeUl’mUwéUue;UUeats
e O0UD el ¢ o ) iUy ) & @0 U Brisyse Ug’ adye oemWei e U

k) 9d @6

89
UWeWPlotUdwe () Ul dfe’, vya Ubs doei(Asdrgs U

63



Details of Expression 21
Definition Flot Evaluate

=20, 550 fm), il axr<0. 504 fof, <0498 1m7, ®x<0,4350m), flr<0.912 fmf, flxr<0.366 M,
i x<0.393/m), H{x<0.3200m], #{x<0.275/m/], H{x<0.252mf, H{x<0.206/mj, #{ax<0.183m],
w0, 160 0mJ, <0, 114 0mf, Txr<0.092 fmf, #Fxr<0.068 ff, Hlar<0.045 i), #lr<0.022m],
iflx<0.008/m/, Expression 19, cylidertemp9.Temperaturely, },5),
Expression 18), Expression 17), Expression 1&), Expression 15),
Expression 14), Expression 13), Expression 12), Expression 11),
Expression 10), Expression 9), Expression &), Expression T),
Expression 6), Expression 5), Expression 4), Expression 3),
Expression Z), Expression 1)

K 9 o 68 Td Expression 21

Details of Expression 21
Definition Plot Evaluate

T 1 e e P P

)

-]

=]
|

Expression 21 [K]
s
Lo,

Define Plot
A 9 o y8 @aPlot U 6 Expression 21

5.4.4 Domains

Domain fkylindroso

Z Udp3l; UpasidBettingsU " 5 oy 3yUgali o 5 3Wig Bdlfds Domain o UesY o o Stadll
A’ a04’'de U G e Watationary Domain. £ UdssUy U gaidiModels & U sleat Transfer

U saelll ®ption Thermal Energy a UU C{e3U; U bnlaaukatlon U &0r j; UG dIomain

Initialization. £ Ulaitial Conditions U~ s & yu'3~uI3ent|berature U ©ption Automatic with Value

o Ut@mperature & i v © Wb User Function” 6 ¢y = U} 3 & @ Blales.

72 Uloundary kylindros Default, s ¢ * @ oyesg‘flq €9a6¢(Q po QJdAUsys ¥ gBasic Settings

84 a 0 Wall® Ut U Boundary Details U "~ o o y Hellt §rdnsfer o Uemperature, U@ * 6 a 6

o Ue b Wasllfs cUy gy EExpression 21. E U Boundary water kylindros Interface U~ 9 ooy 3 Ug U
& UBoundary Details U €Conservative Interface Flux @ UleU Ronoverlap Conditions U dHeat

Transfer Coefficiente W s 43214 0a 0 , s g3 Us G168 esaridag b U
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cutine  Domain: kylindros B8 oy ‘;«} @ @ @ H Ov |

Detzils of kylindros in Flow Analysis 1

View1 ¥
Besic Settings  Solid Models  Initialization | Solver Control
] Domain Initialization =
[ coordinate Frame ANS Y S
Initial Conditions. = 2021 Rl
Temperature 2

Option | Automatic with Value -

Temperature |cvlidertemps. Temperaturex, v, 2) |

o 0.200 (m) )\
—

0.100 z

Koo fysMbmainai ao93ili) 6d

Domain fiwatero

Y} h o Uosdilie Domain o Ul U ég G o & & Material U~ s-alyWater. E U Blorphology
0~ ss-&yTontinuous Fluid, & UReference Pressure latm @ WisUBomain Motion Stationary,
OGaetiO30) o0 Uy B GEDY 4 Kwdiodels U~ sadyl ) deat Transfer U @rhermal
Energy @ Ul U @urbulence Ud B~ s ak-Bpsilon o UWall Function Scalable. | o f erdf
Initializatione } a G Uaf U) ¢ 6 8 5°0.0 a U

Qutine  Domain: water 8 : *]k|o-:+ GoE & & O v| =]

Details of water in Flow Analysis 1
Viewl ¥
Basic Settings Fluid Models Initialization

[ Domain Initialization =]
[ Cocrdinate Frame ANSYS

Initial Conditions a 2021 Rl
Welocity Type |Carbesan - |

Cartesian Velodty Components =]

Option Automatic with Value -

u [oms 1 |

v \u [ms~-1] ‘

w \u [m s~-1] ‘

Static Pressure =

Option Automatic with Value -

Relative Pressure ‘ 1 [atm] ‘

Temperature =

Option Automatic with Value -

Temperature ‘6 [c1 ‘ ¥

0 0.400 (m) /L‘
Turbulence B ||
Option ‘Mﬂim (Intersity = 5%) - ‘ 0.200 z B4

Ko o fyambmains Uy @i

oqd € 5 eegly Cbs[lfljBour]qgrigs inlet o Usutlet. ZUd'3) 1 UdU) o Uwlics Uy Uy & U
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i. 1000
ii. 12,5700
i. 157010
a UHeat Transfer ¢ ption Static Temperature & U 6 6°@.
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Outline Boundary: inlet
Details of inletin water in Flow Analysis 1

8@ i ¢ JU¥Mass Flow Rates, ycie g
boUtjeeyettgt } Wag Udicl i G UdiesWdy U ¥ &
| Be&@t ) .

Plot Options

o o

Ug) Uliscle) tq gfla»aeng; UoeUUB @9
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Viewl ¥
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Basic Settings Boundary Details Sources
Flow Regime
Option | subsonic
Mass And Momentum
Option | Mass Flow Rate
Mass Flow Rate [15 kas~-1
Mass Flow Rate Area |As Specified
Flow Direction
Option |Normal to Boundary Condition
Turbulence
Optien [ Medium @ntensity = 5%)
Heat Transfer
Option |S|zh(TamaahjE

Static Temperature |6 [C]

EUmiUI U0y da ’
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[
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Outline Boundary: outlet

Details of outlet in waterin Flow Analysis 1

Basic Settings Boundary Details Sources

Plot Options

8 nf[S¢aa® @ O-n

Viewl ¥

; ANSYS

d 2021 R1

Flow Regime

Option |su:sonc

Mass And Momentum

Option |S|z:b'c Pressure
Relative Pressure |1 [atm)
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x
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Details of xitonio in Flow Analysis 1

Solver Control

; ANSYS

d 2021 R1

Basic Settings Solid Models Initialization
Heat Transfer

Option |sothermal

Solid Temperature |25 [C]

Thermal Radiation
Option

|Nune

[ Electromagnetic Model

[] solid Motion

0 0.400 (m)
|

A

0.200 z x

Koo fyambmainc s UL 3 96

] ied a8 o ad) e (liBotains ¢ ; tedl) Unterfaces ¢ U U WaxiU 1Bg .a ( U svéter
kylindros Interface ¢ Unterface Type Fluid Solid.

Outline

Basic Settings
Interface Type
Interface Side 1
Domain (Filter)
Region List
Interface Side 2
Domain (Filter)
Region List
Interface Models

Option |General Connection -
Frame Change/Mixing Model =]
Option [Nene -
pitch Change 5]
Option |Ncne - |

Domain Interface: water kylindros Interface
Details of water kylindros Interface in Flow Analysis 1

Additional Interface Models

8 % Seaae

Mesh Connection

|Fiuid solid

l ANSYS

2021 R1

=

[ water kylindros Interface

[keylindros

[ kyiindros water Interface

o 0.400 (m)
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0.200 2 x

A 9 o [¥8 Mbmain Interface: water kylindros Interface
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Qutiine

Basic Settings
Interface Type
Interface Side 1
Domain (Filter)
Region List
Interface Side 2
Domain (Filter)
Region List
Interface Models
Option

Domain Interface: water xitonio Interface
Details of water xitonio Interface in Flow Analysis 1

Mesh Connection
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Option

5.5 Results
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SYS
2021 R 2021 R1

) 0400 (m) ./L (] 0400 (m) ‘/L 0 0400 (m) ‘/L
S ) 2 x

Koo fadUci Ul Udbgpo 910 kgs™(-1), 12,5 kgs™(-1) 8 U1 kgs™(-1).

gdo ) 6 3leBxesGse 91000 ,125Q10 o 1B8QW

2021

/ 2
0 0400 (m) /k (2 0400 {m) J\ 0 0400 (m) /L
— — 2 %

0200 3 0200 0200

Koo 3dUci Uil absfo 910 kgs™(-1), 12,5 kgs™(-1) 8 U1 kgs™(-1).

gdc) 6 3kBaedse 5101010 ,125010 s U15Q0

ANSYS

2021 2021 R1

S ¥ ¥
0 0400 (m) ‘/L‘ 0 0400 (m) ‘J\ 0 0400 (m) ./L
2z ) — 2 x

Koo fadUci Ui ubsfo 910 kgs™(-1), 12,5 kgs™(-1) 8 U1% kgs”(-1).
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¢dc) 6 3Baed20®r 910010 ,125010 » U158 Q10

Ao o p3diUc i Ul Wilas o 910 kgs™(-1), 12,5 kgs™(-1) @ U1 kgs™(-1).
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