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Computer-aided hopper design

A short introduction
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CAHD Computeraidedhopperdesign

Present situation

The original application of shear testers:.l

fundamental contribution around 1960 (e.g., Bulletin 123).

Jenike's original equations can only be solved numerically (great effort for day-to-
day business, especially at that time). Thus, Jenike provided design charts for
hopper design.

A Big step forward, thousands of silos have been designed successfully

The application of design charts can be time-consuming (often iteration is required,;
variation of hopper geometry or parameters such as wall friction increases the

effort). Therefore, there is a demand for software solutions.

These exist, mostly based on approximate equations such as those derived by
Arnold and McLean:

A Self-made EXCEL® tools (Documentation? Transfer to job successors?)

ASimple fihopper designo functions 1 n




CAHD Computeraidedhopperdesign

Goal: Interactive program that overcomes the
above restrictions

bas e M,
S
% h"‘/ K@v,

ABased on Jenikeds original equations which “ar es,
numerically; optional application of other g '
approaches/modifications

A Consideration of flow property dependence on stress (wall S
friction angle, effective angle of internal friction, bulk
densitye)

A Interactive (e. g., curve fit controlled by the user; selection of
Ameano or Amaxi mumo wal | friction angl es)

A Solutions for the complete range of flow property data (e. g.,
hopper slope angles for mass flow vs. local diameter)

A Transparent and comprehensible evaluation
A Documentation (pdf) of each hopper design project: flow

properties, applied theories, safety margins, adjustments by
the user, and design results in tables and diagrams




The program
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CAHD Computeraidedhopperdesign

Workflow: Measurement A evaluation A hopper design A silo

O Application of design results on various silo types (example)
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Start

© Time consolidation test

Measure the bulk
solid's flow properties
(Ring Shear Tester
and control software
RST-CONTROL 95)
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© Shear cell of Ring Shear Tester RST-01.pc

O Yield loci © RST-CONTROL 95
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s
?é— Sample Powder XYZ L.

a = Sample Powdsr X¥ZLn. o238 . . )

2 Sampie Pondar Xz L. [ © Flow function, time flow functions
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Finally apply results to

get the optimal silo.
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T — Sample Powder XYZ Ltd,

WALL YIELD LOGUS OF:
ORDER

WALL MATERIAL:
Regression Ine:

Well frietion angle:

TAUw [Pa]

20000

Test results: Strength,

3.0

PHIE = 52°
(Jenike)
conical hopper
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© Flow factor diagram

5000

bulk density, internal
friction, wall friction,
and time consolidation

© Wall yield locus
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Page of final report (slope vs. diameter)
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Computer-aided hopper design:
Program generates ff-diagrams,
iteractively determines outlet
dimensions and hopper angles,
and creates a final report.
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© Maximum hopper slope vs. diameter

© Determination of critical outlet diameter



CAHD Computeraidedhopperdesign
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. cross-sectional
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Ring Shear Tester RST-01.01
Software: RSV 95
A EIF files (EIF: extended input file)

Ring Shear Tester RST-01.pc
Software: RST-CONTROL 95

A EIF files (EIF: extended input file)
A FPE files (FPE: flow properties exchange file)

Ring Shear Tester RST-XS

Software: RST-CONTROL 95

A EIF files (EIF: extended input file)

A FPE files (FPE: flow properties exchange file)

Ring Shear Tester RST-XS
Software: RST-CONTROL 95
A EIF files (EIF: extended input file)

upper ring A FPE files (FPE: flow properties exchange file)

©

i

11

Jenike-type Shear Tester
Software: SV 95
A FPE files (FPE: flow properties exchange file)
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Import of flow properties
from other sources

Template for Microsoft EXCEL®
A CSV file

Caution! Data must have been
obtained with reliable testers.

L= R B = R I I I

whown Lo oL e B s BB W W W W W W W W W W R RN RN b e ek
uawmdomguc\utwm-ﬂomwumw.z:.wm_nou:amuc\mbwm_notomwcnmuwm_no

A B e D E F G H 1 K L
Input File for CAHD Version 10000
Bulk Solid: X powder Create CSV ‘
Order: No. 1
Units: Stress Density Time Sprache/Language:
Pa kg/m3 h
Deutsch English |
Flow properties (instantaneous)
YL No. SIGMA1L FC RHOB PHIE PHILIN RHOB,f Clear form:
1 5417 2524 1053 51.2 38,6 Delete all entries |
2 9238 3672 1103 47,8 37,1
3 18314 0207 1177 45,7 36,8
4
5
6
7
8
9
10
Time consolidation
Time t: 4 8
Accord. to YL: SIGMA1 FC(t1) FC(t2) FC(t3) FC(ta) FC(t5) FC(t6) FC(t7) FC(t8) FC(t9) FC(t10)
1 5417|3909
2 56054 8400
3 T777 10239
4
5
6
7
8
9 0
10 0
Wall friction #1
Wall material: Mild steel
Stress level SIGMAW PHIX,MIN PHIX, M PHIX, MAX
1 701 30,1 30,9 31,8
2 2150 29,2 29,7 30,1
3 3599 29,2 29,4 29,4
4 5048 28,6 29 29,6
5 5497 28,4 28,8 29,1
6 7946 27,9 28,7 29,1
7
8
9
10
Wall friction #2
Wall material:
Stress level
1
2
3
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Files and software for
data import and export

RSV 95/
RST-CONTROL 95

Ring shear tester RST-01/XS

+ creating

[ EIF (YL, WYL, TYL)

¥/ caHD

| FPE (YL, WYL, TYL)

SV 95

Jenike-type shear tester

+ creating

creating and saving reading X‘

HDP (hopper design projects) reading
FPE (YL, WYL, TYL)

PDF (result file, diagrams)
BMP/JPG/WMF (diagrams)
CSV (tables)

[ FPE (YL, WYL, TYL)

Microsoft EXCEL®

Flow properties

+ creating

[~ csv (L, wyL, TYL)

XLS (tables)

L
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Applied theories and options

A. W. Jenike (Bull. 123) 1964/1980
A Mass flow: Arching
A Funnel flow: Ratholing (lower/upper bound), Arching

ff-values and mass flow boundaries have been calculated for G,
varied in in steps of 1A
Option: extended range (i, = 20Ato (i, = 80A

Option
P. C. Arnold / A. G. McLean:
Option Analytical flow factors ff (based on G. En s t approach)

O. Molerus:
Smaller ff-values for steep hoppers / low wall friction

Option

A. W. Roberts:

Rat hol i ng: Modi fication of
(considering anisotropic behaviour)

J e
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Working with the program

[E]
y

CAHD v1.0
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File Testdata Actualdiagram Actual Table Tools Preferences Admin Help Login

‘Time yield loci \Wall yield loci \ Hopper Designl
Yield loci (diagram)

1 5 9
2 6 10
s 7[RI CAHDsplashscreen
4 8 No
Diagram type
Yield locus/loci /]
Options . Computer-aided Hopper Design
Full screen (CAHD) S
@ Legend we.mm

SIGMA1 Mohr circle

FC Mohr circle

i
{
|
£
|
3

O PHIE line ;
Data points mﬁp i
Lines Regr.

o oGrid {2} Dr. Dietmar Schulze 2020

FFC=1;2;4;10
FFC=1;1.2..2.0
FFc= 0

v

No|SIGMA1 [kP{FC [kPa]| FFC |FFRHO |TAU,C [kP4 RHOB [kg/m3 PHIE []
1

PHILIN [{PHISF [*| Bulk Solid Order




¥’ caHD
File Testdata Actualdiagram Actual Table Tools Preferences Admin Help Login
New =
| ler Design|
Open project (*.hdp)
Save project (*.hdp)

Close

i ot o Fow PropertisExchnge e e Import of flow properties from EIF file

Import data from EIF file(s) (RST-01.pc)

mpr it o S ) (STASAST153 (here: measured with Ring Shear Tester-RS.E

Read data set in CAHD format from CSV File (*.csv)

Save flow properties as Flow Properties Exchange File (*.fpe)

Exit

¥/ Offnen X

C:\Users\Public\Documents\CAHDv1\HopperDesignProjects\SamplePowder.hdp

= o T ™o T
[ |

T > DieserPC > Windows (C:) > Benutzer » Offentlich > Offentliche Dokumente > CAHDv1 > EIF v 0 O “EIF* durchsuchen

Organisieren v Neuer Ordner Bz M o
A~

[ Desktop * Name Anderungsdatum Typ GroBe

Diagram type & Downloads #

%| Dokumente
Yield locus/loci 5 Wl
# iCloud Drive
RSTSoftware
Bilder
dxf
pdf
RST-XS

1}] SamplePowder_RSTXSs.eif 10.05.2018 18:34 EIF-Datei 2KB

% % % %

@ OneDrive Wihlen Sie eine Datei fir die Vorschau aus,

[ Dieser PC
Ji 3D-Objekte
[&=| Bilder
[ Desktop
E} Dokumente
& Downloads
D Musik
., Video (DISKSTAT
B Videos
‘i Windows (C:)

W inss Mishs o R

Dateiname: II vl iWExtendglnput File (:.ei;) V\

I Offnen | | Abbrechen ‘
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File Testdata Actualdiagram Actual Table Tools Preferences Admin Help Login

}Time yield Ioci]WaII yield loci | Hopper Design
Yield loci (diagram)

1 5 9 -
s e 1 CAHD shows contents of EIF file.
3 7 Al I I
Flow properties to be imported are selected.
) 8 No
Dlag ram type ¥/ Choice of datate append X
Yield locus/loci v Yield loci:
vSample Powder ; XYZ Ltd. ; N,pre = 1.05697 kg
vSample Powder ; XYZ Ltd. ; N,pre = 1.90234 kg
Options < Sample Powder ; XYZ Ltd. ; N,pre = 3.80467 kg
Full screen ’
Legend
. Time yield loci corresponding to yield locus::
SIGMA1 Mohr circle “Time yield loci corresp. to yield locus no. 1
FC Mohr circle < Time yield loci corresp. to yield locus no. 2 Uncheck all
O PHIE line
Data points
) Check all
Lines Regr. Wall yield loci:
O O Grid = Sample Powder ; XYZ Ltd. ; Mild steel St37
CANCEL
FFC=1;2;4;10
FFC=1;12.20 v OK
FFc= 0
RHOB [kg/mE‘ PHIE [°] | PHILIN [1PHISF [°] Bulk Solid Order -

No|SIGMA1 [kP{FC [kPa] FFC |FFRHO |TAU,C [kP¢
1 H

2

3 |

4 |

5 |

6 |
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File Testdata Actualdiagram Actual Table Tools Preferences Admin Help Login

Time yield Ioci]WaII yield loci | Hopper Design

Yield iagram)

SIGMA1 FC FFC RHOB PHIE PHILIN PHISF

YIELD LOCUS OF: ORDER: :

1 9 o [kPa] [kPa] [1 [kg/m3] [°] [°] [°] E
X . o = S  Sample Powder XYZ Ltd. 5417 2523 21 1066 51 39 40—
o Sample Powder XYZ Ltd. 9239 3671 25 1114 48 37 40 n— |2

3 7 All ‘5‘ L Sample Powder XYZ Ltd. 18.315 6.2056 3.0 1195 46 37 40 | — %
4 8 No < i

[=]

Diagram type

Yield locus/loci g

Options ] :
Full screen A Threeyleld IOCI a.nd
S o i associated flow properties

Dr.

FC Mohr circle
O PHIE line

Data points

CAHD - Computer-alded Hopper Design (c)

Lines Regr.
0 0Grid }

FFC=1;2;4;10

FFC=1;12.20 ' ‘ '

FFc= 0 1

. SIGMA [kPa]

No.|SIGMA1 [kP4 FC [kPa]‘ FFC ‘FFRHO ‘TAU,C [kPg RHOB [kg/mE‘ PHIE [°] | PHILIN [{ PHISF [°] Bulk Solid ‘Order -
1 2523 215 229 0.581 1066 51.2 38.6 42.5 Sample Powder XYZ Ltd.
2 (9.239 3.671 252 280 0.874 1114 47.8 37.1 40.4 Sample Powder XYZ Ltd.
3 |18.315 6.205 295 3.53 1.485 1195 457 36.8 39.5 Sample Powder XYZ Ltd.
4 |
5 |
6 | .
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File Testdata Actualdiagram Actual Table Tools Preferences Admin Help Login

Yield loci }Time yield loci Hopper Design
Wall yield locus no. ' . I . I . . . . . —
1 5 9 A ALL YIELD LOCUS OF: Sample Powder %
= RDER: XYZ Ltd. E
2 6 10 o L WALL MATERIAL: Mild steel St37 1z
3 7 All = Regression line: TAU,w=0.178 kPa + SIGMA w * tan(22.8°) =
gn L Wall friction angle: PHIX = arctan[(0.178 kPa/SIGMA ,w + tan(22.8°)] £
4 8 No -] £
=
& RE

Diagram type
@ Wall yield locus

O PHIX = f(SIGMA,w) |

Options

Full screen

Schulze 2020

Legend

10

Data points

" Wallyieldlocus

Lines

0 O Grid
O Min. values
O Max. values r

0O Range x-axis

D [kpa] o ) ) | ) | ) | ! ! | ! 1 1

U Black and white v 0 10 20 30 40
SIGMA,w [kPa]

L
CAFD - Computer-alded Hopper Deslg|

Wall yield locus no. 1:

SIGMA.w [kPa] PHIX,min [°] | PHIX,m [] | PHIX, max [ || SIGMA,w [kPa] | PHIX,min [] | PHIX,m [] PHIX,max [] -
_ 34.7 34.9 35.1

9.320 235 23.6 236 ’

18.613 23.0 23.1 23.3

27.907 23.0 23.2 23.4

37.200 22.8 22.9 23.0

46.494 23.0 23.2 23.3 ' .

H L Zur Suche Text hier eingeben
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File Testdata Actual diagram Actual Table Tools

Preferences  Admin Help Login

Yield loci| Time yield Ioci]WaII yield loci

Edit flow properties

Edit
cell
Reset:
Cell Column
Table All
Change WYL

WYL Reg WYLSS

Safety for
Theta,c [°] ff (MF)
SR = I =

My Silo (data input)
Theta [°] b, d [m]

Hopper shape
@ Cone

O Wedge
O Asym. wedge

More settings

CALCULATE

CREATE PDF

Yield loci Wall fri Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] *RHOB [kg/m3] | PHIE [] *PHIE [] \ PHILIN [°] *PHILIN [] 2
0.000 2.523 2.523 999 999 56.1 56.1 40.6 40.6
5417 2523 2523 1066 1066 512 51.2 386 386
9.239 3671 3671 1114 1114 47.8 478 37.1 37.1
18.315 6.205 6.205 1195 1195 457 457 36.8 36.8
20.147 8.037 8.037 1211 1211 45.3 453 36.7 36.7
Flow function |RHOB|PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
T T T T T T T T T T T T T T T T T T T T T T T T T -E ® Cone
BULK SOLID: Sample Powder / XYZ Ltd. ; © Wedge
@ | ©Asym. wedge
o L H
= ) 2| Flow profile
8 - 72| @ Mass flow
i ~ 4 4 — I4
[ KFy3dS G2 U0l o al 2LIL
Here the flow properties are
o . .
presented in tables and diagrams.
- 4 h ;é; i
ok, . \ - R | L \ : )
0 5 10 15 20 25 30

SIGMA1 [kPa]

My Silo

H L Zur Suche Text hier eingeben
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File Testdata Actual diagram Actual Table Tools Preferences  Admin

Help Login

Yield loci| Time yield Ioci]WaII yield loci |

Edit flow properties

Edit
cell
Reset:
Cell Column
Table All
Change WYL

WYL Reg WYLSS

Safety for
Theta,c [°] ff (MF)
SR = I =

My Silo (data input)
Theta [°] b, d [m]

Hopper shape
@ Cone

O Wedge
O Asym. wedge

More settings

CALCULATE

CREATE PDF

Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
SIGMA1 [kPa FC [kPa] *FC [kPa] | RHOB [kg/m3] *RHOB [kg/m3] | PHIE [] *PHIE [] \ PHILIN [°] *PHILIN [] 2
0.000 2.523 2523 999 999 56.1 56.1 406 406
5.417 2523 2.523 1066 1066 51.2 51.2 386 386
9.239 3.671 3.671 1114 1114 478 478 37.1 37.1
18.315 6.205 6.205 1195 1195 457 457 36.8 36.8
20147 8.037 8.037 1211 1211 453 453 36.7 36.7
Flow function |RHOB|PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
—— T T T ‘ =| ®Cone
BULK SOLID: Sample Powder / XYZ Ltd. § 0 Wedge
= % O Asym. wedge
Edl_-. o | A s Flow nrofile
O« 2 44 — A r A 7 — 14 ~ k4 w
= ¢tKS U0lFlotS a, AStR t20A¢ tAapa
measured (gray/black) and possibly modified (red/blue
ol and asterisk in the header).
| Extrapolated values are light gray and red, respectively.
- 4 h ,%
ok e e e e e ] %
0 5 10 15 20 25 30
SIGMA1 [kPa] My Silo

H L Zur Suche Text hier eingeben
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File Testdata Actual diagram Actual Table Tools

Yield loci| Time yield loci| Wall yield loci

Edit flow properties

Edit
cell
Reset:
Cell Column
Table All
Change WYL

WYL Reg WYLSS

Safety for
Theta,c [°] ff (MF)
SR = I =

My Silo (data input)
Theta [°] b, d [m]

Yield loci

Preferences  Admin Help Login

|

Wall friction ' Time consolidation

MF: Theta = f(b,d) MF: d = f(Theta)
SIGMA1 [kPa] [t[h] [4.00  [*4.00  |8.00

MF: Wedge
MF: b,as = f(Theta)

MF: As. wedge
MF: d max

FF: Rathole (LB) FF: Rathole (UB)

MF: b max MF: b,as max

0.000

3.907 |3.907 4.404

5417

3.907 3.907 4.404

9.239

5.025 5.025 5.587

18.315

Hopper shape
@ Cone

O Wedge
O Asym. wedge

More settings

CALCULATE

CREATE PDF

20.147

Flow function |RHOB|PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)|

FC [kPa]

10

15932 1 15.932 [16.495

Table with results of time consolidation test

T ‘ . —
BULK SOLID: Sample Powder / XYZ Ltd.

4h

Dr. Dietmar Schulze Schittautmesstechnik

CAHD - Computer-aided Hopper Design (¢) Dr. Dietmar Schulze 2020

!
25

SIGMA1 [kPa]

H L Zur Suche Text hier eingeben

Hopper shape
® Cone

0 Wedge
O Asym. wedge

Flow profile
® Mass flow

O Funnel flow

Crit. values
® No (all)
ot=0
04.00h
08.00h

My Silo

FF: Arching (LB)
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File Testdata Actual diagram Actual Table Tools Preferences  Admin

Yield loci| Time yield Ioci]WaII yield loci

Help Login

Edit flow properties Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edit SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] *RHOB [kg/m3] |PHIE[] *PHIE [] | PHILIN [7] *PHILIN []
cell 0.000 2.523 2523 999 999 56.1 56.1 40.6 40.6
Reset: 5.417 2523 2.523 1066 1066 512 512 38.6 38.6
. 9.239 3.671 3.671 1114 1114 47.8 47.8 371 37.1
Cell Column 18.315 6.205 6.205 1195 1195 457 457 36.8 36.8
Table All 20.147 8.037 8.037 1211 1211 45.3 453 36.7 36.7
Change WYL Flow function |RHOB|PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
—— T —r—— I — =| ®Cone
WYLReg WYL SS K SOLID: Sample Powder / XYZ Ltd. ; © Wedge
Safety for E | % © Asym. wedge
Theta,c [°] ff (MF) = o i| Flow profile
B = hnE 8 - _g ® Mass flow
: : I % O Funnel flow
My Silo (data input) | CT.t vfaltl\es
Theta[*] b,d[m] I .
] of The selected diagram shows the
Hopper shape I . . o
+ Cone flow function and time flow functions.
O Wedge
O Asym. wedge
More setings “u i Measured values are blue,
extrapolated values are red.
CALCULATE = -
o | L [ L L L %
0 5 10 15 20 25 30

CREATE PDF

SIGMA1 [kPa]

H L Zur Suche Text hier eingeben

My Silo
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File Testdata Actual diagram Actual Table Tools Preferences  Admin

Yield loci| Time yield Ioci]WaII yield loci

Help Login

Edit flow properties Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edit SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] *RHOB [kg/m3] |PHIE[] *PHIE ] | PHILIN [7] *PHILIN []
cell 0.000 2523 2523 811 811 56.1 56.1 40.6 40.6
Reset- 5.417 2523 2523 1066 1066 51.2 51.2 386 386
: 9.239 3671 |3.671 1114 1114 47.8 47.8 37.1 371
cel Column 18.315 6.205 6.205 1195 1195 457 45.7 36.8 36.8
Table Al 20.147 8.037 8.037 1211 1211 453 453 36.7 36.7
Change WYL Flow function RHOB |PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
[ i ‘ T T \ " T ‘ ‘ 1 ‘ T T ‘ 1 T T ‘ i 1z| ©Cone
WYLReg WYLSS ol BUKK SME Powder / XYZ Ltd. ; © Wedge
— QL £
Safety for ‘E o g o Asym. wedge
Theta,c [] ff (MF) D [ 1| Flow profile
|3 ‘ : ‘1 ‘ : = o £ | ®Mass flow
- - m ol E
S c | ©Funnel flow
T " Is _
My Silo (data input) o of Crit. values
Theta[®] b, d[m] =i 1 ® No (all)
| || I °t=0
Hopper shape ol I 04.00 h
® Cone Sk J:| ©800h
O Wedge H =, 7 . . N
- Asym. wedge ﬁ Bulk density , (RHOB) vs. consolidation stres{SIGMA1)
g . . L1
Vore satings : The measuring points are connected with lines.
¥ Extrapolation to the left: filling density, :(optional)
CALCULATE L € R ’
8 L \ . . | | | | . . | | . . | . \ %
~0 5 10 15 20

CREATE PDF

SIGMA1 [kPa]

My Silo

H L Zur Suche Text hier eingeben
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File Testdata Actual diagram Actual Table Tools Preferences Admin  Help Login

Yield loci| Time yield Ioci]WaII yield loci

Edit flow properties Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edlilt ) L SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] “RHOB [kg/m3] |PHIE[] *PHIE [7] | PHILIN [7] *PHILIN [7] g
ce - - 0.000 2.523 2523 811 811 56.1 56.1 40.6 40.6
Reset: 5.417 2523 2.523 1066 1066 512 512 386 38.6
c I-I Col 9.239 3.671 |3.671 1114 1114 47.8 47.8 371 37.1
© omn 18.315 6.205 6.205 1195 1195 457 457 36.8 36.8
Table All 20.147 8.037 8.037 1211 1211 45.3 45.3 36.7 36.7
Change WYL Flow function RHOB |PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
r T T T I . T ‘ T ‘ T T ‘ T T T T 1= | @® Cone
WYLReg WYLSS ol  BULKSOLID: Sample Powder / XYZ Ltd. ; © Wedge
=3+ -2| ©Asym. wedge
Safety for ‘E Qr I y g
Theta,c [°] f (MF) D | 1| Flow profile
X o
B = nE oS {2| ©Mass flow
oo & | ©Funnel flow
z | e
My Silo (data input) o I I Crit. values
Theta [°] b, d [m] =i 1 @ No (all)
] = || ot=0
L J o]
Hopper shape o : 4.00 h
@ Cone Sk - -
© Wedge : To get a smooth function, splines can be created.
O Asym. wedge __
o S
o —E -
& | 15
More settings Create splinc(s) 1 ,
Remove spline(s) 1&
Restore data, remove spline(s) i § -
or -5
@ | 15 -
CALCULATE IE .
S, . . ! . . ! . . ! . . . L B i
~0 5 10 15 20
CREATE PDF SIGMA1 [kPa] My Silo
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Yield loci| Time yield Ioci]WaII yield loci

Edit flow properties Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edlilt ) L SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] “RHOB [kg/m3] |PHIE[] *PHIE [7] | PHILIN [7] *PHILIN [7] g
ce - || 0.000 2523 2523 811 811 56.1 56.1 40.6 406
Reset: 5.417 2523 2523 1066 1066 51.2 51.2 386 386
c |-| Col 9.239 3671 |3.671 1114 1114 47.8 47.8 37.1 37.1
© omn 18.315 6.205 6.205 1195 1195 457 45.7 36.8 36.8
Table All 20.147 8.037 8.037 1211 1211 453 453 36.7 36.7
Change WYL Flow function RHOB |PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
r T T T I . T ‘ T ‘ T T ‘ T T T T 1= | @® Cone
WYLReg WYLSS ol  BULK SOLID: Sample Powder / XYZ Ltd. ; © Wedge
— QL -2| oAsym. wedge
Safety for ‘E Qr I y g
Theta,c [°] ff (MF) ;63 i 12| Flow profile
|3 ‘ s ‘1 ‘ s E' o {&| ©Mass flow
- B o =
oo 5| ©Funnel flow
T | e
My Silo (data input) ol : Crit. values
Theta[] b, d [m] S| 1| ®Nofalh
] I | | et=o
L 1| c4.00h
Hopper shape 8 5 58.00h
@ Cone or . :
> Wedge : Gray squares are control points.
O Asym. wedge | = B
o 2
D | - —= -
& I
More settings - £ -
g .
CALCULATE [ El
S, . . ! . . ! . . ! . . . L B i
~0 5 10 15 20
CREATE PDF SIGMA1 [kPa] My Silo
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(Full screen mode)

Control points can be moved to obtain the desired graph.

=

od This procedure allows full control of the graph by the user
” (much like what can be done with a drawn diagram).

Sl | | . . . ‘ | . . ‘ ‘ | i

=0 5 10 15 20
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Edit flow properties Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edit ) L SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] “RHOB [kg/m3] |PHIE[] *PHIE [7] | PHILIN [7] *PHILIN [7] g
cell - |- 0.000 2523 2523 999 999 56.1 56.1 406 406
Reset: 5.417 2523 2523 1066 1066 51.2 51.2 386 386
9.239 3671 3671 1114 1114 47.8 47.8 371 371
Cell Column 18.315 6.205 6.205 1195 1195 457 457 36.8 36.8
Table Al 20.147 8.037 8.037 1211 1211 453 453 36.7 36.7 ]
Change WYL Flow function |RHOB|PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
— 1 T - T T 1T T T T T 1 T I S ] ‘ ® Cone

WYL Reg WYLSS

BULK SOLID: Sample Powder / XYZ Ltd. ;g 0 Wedge
Safety for E % O Asym. wedge
Theta,c [7] ff (MF) = 5l . . . _
e o = I B Flow function and time flow functions;

Wy Sl (it inoat ; Here the extrapolation is carried out in

rel) bl | \ such a way that it is on the safe side.
Hopper shape | A horizontal line to the left

® Cone ~

o Wers j Aaf2LIS amé G2 0K

10

UJ’

O Asym. wedge

More settings

CALCULATE
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SIGMA1 [kPa]: |12.310 FC [kPal:

FC [kPa]

-3.781 Error approx. [kPa]:  0.0176 FFC = SIGMA1/FC: [ ] screen coordinates: [808;1411]
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BULK SOLID: Sample Powder / XYZ Ltd.

] ] L ! L
Dr. Dietmar Schulze Schittgutmesstechnik

1 ! I L
N (c)Dr. Dietmar Schulze 2020

(Full screen mode)
The user can modify the flow functions either by

creating splines (as demonstrated on bulk density)
| or just by moving individual points (much like wh

can be done with a manually drawn graph).

at

Zoom: Right click.
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SIGMA1 [kPa]: |11.542 FC [kPal:
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More points have been moved.

RemarkL 0 Qa LINBETSN) o6f S 0
than to do risky extrapolation experiments.

If extrapolation cannot be avoided, stay on the
safe side.
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Edit flow properties Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edit ) L SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] “RHOB [kg/m3] |PHIE[] *PHIE [7] | PHILIN [7] *PHILIN [7] g
cell - - 0.000 2.523 1.055 811 811 56.1 56.1 40.6 40.6
Reset: 5417 2523 2.523 1066 1066 51.2 51.2 386 386
9.239 3.671 |3.671 1114 1114 47.8 478 37.1 371
Cell Column 18.315 6.205 6.205 1195 1195 45.7 45.7 36.8 36.8
Table Al 20.147 8.037 7.421 1211 1211 45.3 45.3 36.7 36.7 ]

b )

Change WYL FIowfunction\RHOB]‘PHIE}PHILIN‘IPHIIX]V\:IYL }‘ffdiagram(lower Columns with an asterisk in the column headel

' ' ' T 1 T
WYLReg WYLSS I : - * 0 o
_ | BusouD: sl Powder X2 L (here: *FC) shows the modified values.
Safety for & : .
|'I'heta‘,c [°] ‘ff(MF‘) 5 if FI:AW prc:lflle
3 : 1 : O 2] ®Mass flow
§ O Funnel flow
My Silo (data input) | Crit. values
Theta[’] b,d[m] @ No (all)
| || || ot=o0
Hopper shape I ©4.00 h
@ Cone E ©8.00 h
O Wedge E -
O Asym. wedge ,E .
More settings g -
CALCULATE 2‘
o . L L l | ! | ) . | | | | | | % -
0 5 10 15 20
CREATE PDF SIGMA1 [kPa] My Silo
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Yield loci| Time yield loci| Wall yield loci |

Edit flow properties Yield loci |Wal| friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edlilt ) L SIGMAw [Pa] |PHIXmin[7] |PHIXm[]  |PHIXmax[] |*PHIX[] " Vertical wall (asymm.)
ce - || ] [10 87.9 [e80 88.0 88.0 No entry: PHIXV = PHIX
Reset: 955 347 349 35.1 34.9 PHIXV []
- - 9320 235 236 236 236
© omn 18613 23.0 231 233 23.1
Table All 27907 23.0 232 234 23.2
Change WYL Flow function RHOB|PHIE PHILIN|PHIX WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
. . | ; . . . . . | : : ‘ . . =| ®Cone
WYLReg WYL SS BULK SOLID: Sample Powder / XYZ Ltd. ; © Wedge
= WALL MATERIAL: Mild steel t37 1] ©Asym. wedge
Safety for o B
Theta,c [°] ff (MF) s T 12| Flow profile
30 = 1 S5 | | ©Mass flow
: : f_( o = | ©Funnel flow
Sl s
S .
My Silo (data input) & Crit. values
- B (O]
Theta[?] b, d[m] ®No (al)
I - | et=0
O
Hopper shape 18 4.00h
® Cone E ©8.00h
O Wedge 8 % -
o Asym. wedge Sr T -
More setings Wall yield locus and table with minimum,
CALCULATE ] g
O 1 1 L | L 1 1 1 ‘ 1 1 1 L | 1 1 L ‘ 1 1 g B
0 10000 20000 30000 40000
CREATE PDF SIGMA,w [Pa] My Silo
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Yield loci| Time yield loci| Wall yield loci |

Edit flow properties Yield loci |Wal| friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edlilt ) L SIGMAw [Pa] |PHIXmin[7] |PHIXm[]  |PHIXmax[] |*PHIX[] * Vertical wall (asymm.)
ce 10 879 [e80 88.0 88.0 No entry: PHIXV = PHIX
Reset: 955 347 349 35.1 34.9 PHIXV []
- - 9320 235 236 236 236
© omn 18613 23.0 231 233 23.1
Table All 27907 23.0 232 234 23.2
Change WYL Flow function| RHOB|PHIE |PHILIN PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
T T T T T T T T T T T T T ‘ T : ‘,E ® Cone
e T BULK SOLID: Sample Powder / XYZ 1| ©Wedge
e WALL MATERIAL: Mild steel St37 7;% O Asym Wedge
Safety for — 3t 2
Theta,c [°] ff (MF) % :% Flow profile
30 = 1 o | ©Mass flow
E - f O Funnel flow
My Silo (data input) | Cntvalues
Theta[’] b, d[m] ar N ® No (all)
| | : Ot=0
Hopper shape ol e ©4.00h
@ Cone w0 L _g 08.00 h
© Wedge I Bl -
© Asym. wedge =, i . .
™
, Wall friction angles vs. wall normal stress
More settings i T
o _|&
D[ = -
CALCULATE of —= ol = -.l
Ny =+
L 1 1 | | | 1 1 1 | 1 1 1 | | 1 1 | | 1 1 \7§ B
0 10000 20000 30000 40000
CREATE PDF SIGMA,w [Pa] My Silo
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Yield loci| Time yield loci| Wall yield loci |

Edit flow properties Yield loci |Wal| friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edit ) L SIGMAw [Pa] |PHIXmin[7] |PHIXm[]  |PHIXmax[] |*PHIX[] " Vertical wall (asymm.)
cell 10 87.9 [e80 88.0 88.0 No entry: PHIXV = PHIX
Reset: 955 347 349 35.1 34.9 PHIXV []
- - 9320 235 236 236 23.6
© omn 18613 23.0 231 233 23.1
e | | | EET|mo m2 w4 w2
Change WYL Flow function| RHOB|PHIE |PHILIN PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
T T T T T T T T T T T T T T T T T ® Cone
WYLReg WYL SS T BULK SOLID: Sample Powder / XYZ Ltd. ; © Wedge
— WALL MATERIAL: Mild steel St37 1| oAsym. wedge
Safety for — 3t 2
Theta,c [°] ff (MF) % :% Flow profile
|3_0 ‘ : ‘1 . o :"é ® Mass flow
E - ii O Funnel flow
My Silo (data in || Crit-values
T (O]
Theta[?] b, d[m] Q J | ©Neofal)
—— —— || Selection of safety for hopper slope to 1| caoon
Hopper shape 18 ’
@ Cone I I Jz| ©8.00h
Coene achieve mass flow (conical hoppers) El
N I
o Asym. wedge = i _'§ .
More settings i é B
o _|&
D[ = -
CALCULATE of —= ol = -.l
Ny =+
L 1 1 | | | 1 1 1 | 1 1 1 | | 1 1 | | 1 1 \7§ B
0 10000 20000 30000 40000
CREATE PDF SIGMA,w [Pa] My Silo
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Yield loci| Time yield loci| Wall yield loci |

Edit flow properties Yield loci |Wal| friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edlilt ) L SIGMAw [Pa] |PHIXmin[7] |PHIXm[]  |PHIXmax[] |*PHIX[] " Vertical wall (asymm.)
ce - || ] [10 87.9 [e80 88.0 88.0 No entry: PHIXV = PHIX
Reset: 955 347 34.9 35.1 34.9 PHIXV []
c |-| Col 9320 235 236 236 236
© omn 18613 23.0 23.1 23.3 23.1
Table All 27907 23.0 232 234 23.2
Change WYL Flow function| RHOB|PHIE |PHILIN PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
' | ‘ ' ' ' T : : : | ' ' T ' ' 2| ©Cone
WYLReg WYL SS T BULK SOLID: Sample Powder / XYZ Ltd. ; © Wedge
— WALL MATERIAL: Mild steel St37 E| ©Asym. wedge
Safety for — 3t 2
Theta,c [°] ff (MF) % :% Flow profile
|3'0 ‘ . ‘1 ‘ - o :E ® Mass flow
E - ii O Funnel flow
My Silo (data input) | Cntvalues
Theta[] b, d [m] sl J | ©Neofal)
20 | 05 | ]| ©t=0
. - - 1| ©c4.00h
Hopper shape 3! Desired or existing hopper shape can be:| ;..
i A A A o , . . -
© Wedge : SYuSNBR liraordardobe a A f| 2 €
O Asym. wedge g L hE g
; evaluated by the program. .
More settings i 1 -
o _|&
[ I -
CALCULATE of —= ol = -.l
Ny =+
L 1 1 | | | 1 1 1 | 1 1 1 | | 1 1 | | 1 1 \7§ B
0 10000 20000 30000 40000
CREATE PDF SIGMA,w [Pa] My Silo
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Yield loci| Time yield Ioci]WaII yield loci

Edit flow properties Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edlilt ) L SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] “RHOB [kg/m3] |PHIE[] *PHIE [7] | PHILIN [7] *PHILIN [7] g
ce - | |- 0.000 2523 1.055 811 811 56.1 56.1 406 406
Reset: 5.417 2523 2523 1066 1066 51.2 51.2 3856 386
c |-| Col 9.239 3.671 3671 1114 1114 478 478 37.1 37.1
© omn 18.315 6.205 6.205 1195 1195 457 457 36.8 36.8
Table All 20.147 8.037 7.421 1211 1211 453 453 36.7 36.7
Change WYL Flow function |RHOB|PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
T T : T I : T T : T T T . T T . T T T : = ® Cone
WYLReg WYLSS BULK SOLID: Sample Powder / XYZ Ltd. ; O Wedge
= 18| ©Asym. wedge
Safety for EE = y g
Theta,c [°] ff (MF) = g Flow profile
B = hnE 8 3| ©Mass flow
. . 5| ©Funnel flow
My Silo (data input) || Cnt values
Theta[°] b, d[m] ® No (all)
|20 | ‘0_5| | J 0t=0
[@]
Hopper shape I 4.00 h
® Cone E ©8.00 h
O Wedge cg -
o Asym. wedge *E -
More settings é -
CALCULATE .
' . . L . 5 -
Calculation process is started. 20
CREATE PDF SIGMA1 [kPa] My Silo
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Edit flow properties

Edit
cell
Reset:
Cell Column
Table All
Change WYL

WYL Reg WYLSS

Safety for
Theta,c [°] ff (MF)
SR = I =

My Silo (data input)
Theta [°] b, d [m]

20 | 05

Hopper shape
@ Cone

O Wedge
O Asym. wedge

More settings

Tools Preferences Admin  Help Login

Yield loci| Time yield Ioci]WaII yield loci

CALCULATE

CREATE PDF

Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] *RHOB [kg/m?3] | PHIE [] *PHIE [] \ PHILIN [°] *PHILIN [°] 2
0.000 2.523 1.055 811 811 56.1 56.1 40.6 40.6
5.417 2523 2523 1066 1066 512 512 38.6 38.6
9.239 3.671 |3.671 1114 1114 47.8 47.8 37.1 371
18.315 6.205 6.205 1195 1195 457 457 36.8 36.8
20.147 8.037 7.421 1211 1211 45.3 453 36.7 36.7
Flow function RHOB|PHIE | PHILIN|PHIX WYL |ff diey— 7 e o= A ror Hopper shape
. : ‘ : | ‘ : : ‘ =| ®Cone
- What shall be calculated? 15
BULK SOLID: Sample Powder / XYZ Ltd. 3| ©Wedge
L Mass flow / conical 15
T 2| ©Asym. wedge
o Mass flow / wedge-shaped 5
=, - * i Flow profile
8 Mass flow / asymmetric wedge-shaped 2| ®Mass flow
r 1E
o Funnel flow o| ©Funnel flow
o My Silo (if values have been entered) Crit. values
| oAl i @® No (all)
L _ ot=0
o Always ask before calculating 04.00 h
5| ©8.00h
L CANCEL v OK e
! I
- h 12 -
o L L L | L L : L 5 )
0 5 10 15 20

SIGMA1 [kPa]

My Silo
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Yield loci| Time yield Ioci]WaII yield loci

Edit flow properties Yield loci Wall friction Time consolidation MF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edlilt ) L SIGMA1 [kPa] FC [kPa] *FC [kPa] | RHOB [kg/m3] “RHOB [kg/m3] |PHIE[] *PHIE [7] | PHILIN [7] *PHILIN [7] g
ce - - 0.000 2.523 1.055 811 811 56.1 56.1 40.6 40.6
Reset 5417 2523 2.523 1066 1066 51.2 51.2 38.6 38.6
c I-I Col 9.239 3.671 |3.671 1114 1114 47.8 47.8 371 37.1
© oimn 18.315 6.205 6.205 1195 1195 457 457 36.8 36.8
Table All 20.147 8.037 7.421 1211 1211 453 453 36.7 36.7
Change WYL Flow function |RHOB|PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
T T ‘ T I ‘ T T ‘ T T T ‘ " . ‘ . T T ‘ . =| ®Cone
WYLReg WYL SS BULK SOLID: Sample Powder / XYZ Ltd. ; © Wedge
= ¥ ' 1| oAsym. wedge
Safety for & R E y g
F Calculating critical dimensions of mass flow hoppers... 15 .
Theta,c [°] ff (MF) = Calculating hopper wall slope as function of diameter... H Flow profile
|3 ‘ . ‘1 ‘ . 8 | Calculating diameter as function of hopper wall slope... 12| ®Mass flow
v v Calculating minimum outlet dimensions for mass flow... b oOF | 1]
o Searching for theoretical maximum hopper dimensions ... g unnef fiow
My Silo (data input) _ || Cnt values
Theta[] b, d [m] | © No (all)
Ot =
20 | 05 | - = ] t=0
o
Hopper shape 1 4.00h
® Cone E ©8.00h
O Wedge cg -
O Asym. wedge *E B
More settings é -
- Progress of calculation process
D 1 1 1 | 1 1 | 1 1 | 1 1 | 1 1 g B
0 5 10 15 20
CREATE PDF SIGMA1 [kPa] My Silo
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Yield loci| Time yield loci| Wall yield loci |

Edit flow properties Yield loci Wall friction Time consolidation [IVIF Cone || MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)

MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) F: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edit ) L Time [h] | SIGMA1.cr [Pa] | SIGMAW cr [Pa]| FC.cr[Pa] |RHOBcr [kg/m3] |PHI PHIX.cr[] |PHILIN.cr[*] |Thetac[7[ff[] [H[ [derim] [q[] [SIGMAV.cr[Pa] |Comment g
cell - 0 1803 1223 1544 975 54.4 324 39.9 8.5 1172 213 | 0.344 0.145 608
Reset: 4.00 4564 3576 3666 1056 52.0 25.8 389 16.2 1244 225 |0.796 0.155 1626
: 8.00 5634 4469 4471 1069 51.0 25.1 385 17.0 1259 226 0.964 0.158 2033
Cell Column O
Table All (7 >
Change WYL Flow function |RHOB|PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
' FL L =R I R v S N © Cone
WYLReg WYLSS © BULK SOLID: Sample Powder / XYZ Ltd. el vned
—_ Wall material: Mild steel St37, conical hopper 1 1 d
Safety for i i Critical value for outlet dimension to avoid arching (mass flow), t=0h Cal C u I atl O n IS O n e .
Theta,c [7] ff (MF) o3 .. . .
s = b | Egr Critical values are given in the tables
. above (here: conical hopper).
My Silo (data input) |
Theta [°] b, d [m] T NO (@)
20 | 05 | i || et=0
Hopper shape | I ©4.00 h
© Wedge St -+ -
o =
O Asym. wedge I £ -
More settings . é B
| FC.cr=1544p % _
CALCULATE I )
o SIGMAT.cr = 1803 Pa | | | | % -
0 5000 10000 15000 20000
CREATE PDF SIGMA1 [Pa] 0 My Silo
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Yield loci| Time yield loci| Wall yield loci |

Edit flow properties Yield loci Wall friction Time consolidation [IVIF Cone || MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edit Time [h] |SIGMA1.cr [Pa] | SIGMAW cr [Pa]|FC.cr[Pa] |RHOB.cr [kg/m3] |PHIE.cr[] |PHIX.cr[] |PHILIN.cr[7] |Thetac[][ff[] |H[] |derm]  |q[] |SIGMAV.cr[Pa] |Comment
cell 0 1803 1223 1544 975 54.4 324 39.9 85 1172 213 | 0.344 0.145 608
Reset: 4.00 4564 3576 3666 1056 52.0 25.8 389 16.2 1244 225 |0.796 0.155 1626
: 8.00 5634 4469 4471 1069 51.0 25.1 385 17.0 1259 226 0.964 0.158 2033
Cell Column
Table All .
Change WYL Flow function |RHOB|PHIE |PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
S e A SIRT L) | g| ©Cone
WYLReg WYL SS K SOLID: Sample Powder / XYZ Ltd. i| ©Wedge
= aterial: Mild steel St37, conical hopper ;% O Asym. wedge
Safety for o | Critical value for outlet dimension to avoid arching (mass flow), t=0h I:
Theta,c [°] ff (MF) O 8 g Flow profile
|3 ‘ . ‘1 ‘ - - 87 ’E ® Mass flow
. . =| % © Funnel flow
My Silo (data input) Crit. values
Theta[’]  b,d[m] © No (all)
Hopper shape I ©4.00 h
® Cone 5| ©800h
Q 2
O Wedge 8 ~ —E
O Asym. wedge © -
Hopper shape and storage time can be
More settings ~ - oo
selected to view the associated critical
| FC.cr=1544p . . .
CALOULATE points on the diagrams (here: flow function)
o SIGMAT.cr = 1803Pa | | | . | . | . | | E -
0 5000 10000 15000 20000
CREATE PDF SIGMA1 [Pa] 0 My Silo
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Yield loci| Time yield loci| Wall yield loci |

Edit flow properties Yield loci Wall friction Time consolidation [IVIF Cone || MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edlilt ) L Time [h] |SIGMA1.cr [Pa] | SIGMAW cr [Pa]|FC.cr[Pa] |RHOB.cr [kg/m3] |PHIE.cr[] |PHIX.cr[] |PHILIN.cr[7] |Thetac[][ff[] |H[] |derm]  |q[] |SIGMAV.cr[Pa] |Comment g
ce 0 1803 1223 1544 975 54 4 324 39.9 8.5 1172 (213 0.344 0.145 608
Reset 4.00 4564 3576 3666 1056 52.0 258 38.9 16.2 1.244 225 |0.796 0.155 1626
. 8.00 5634 4469 4471 1069 51.0 251 385 17.0 1.259 226 0.964 0.158 2033
Cell Column —_—
Table All . 5
Change WYL Flow function RHOB |PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
- . . . . | ‘ . . ‘ | . . . 1= | ©Cone
WYLReg WYL SS ol  BULKSOL le Powder / XYZ Ltd. ; © Wedge
= 8 - Wall material: teel St37, conical hopper _g O Asym. wedge
Safety for £ r Critical value for outlet dimension to avoid arching (mass flow), t=0h 13 _
Theta,c [°] ff (MF) ;c“) L :g Flow profile
|3 ‘ s ‘1 ‘ s E' o {&| ©Mass flow
- = o £
oo £| ©Funnel flow
E - o
My Silo (data input) ol : : Crit. values
Theta[] b, d [m] =] _ 1| ©Neofal
o Jos || T o || #t=0
L (=3 1 ©
Hopper shape ol . I 4.00h
S : J51 ©8.00h
© Cone © | RHoB.cr:= 975MGm3 1
o Wedge L I -
O Asym. wedge of g _
D - —= -
o e
More settings - L. . £ -
o Critical bulk density (t = 0) Bl -
o -5
| 15 -
CALCULATE I o
or SIGvAt.cr=1803Pa | | | 12 -
o L L L L L L L L L L L o
~0 5000 10000 15000 20000
CREATE PDF SIGMAT1 [Pa] 0 My Silo

H L Zur Suche Text hier eingeben



%/ caHp

File Testdata Actual diagram Actual Table Tools Preferences Admin  Help Login

Yield loci| Time yield loci| Wall yield loci |

Edit flow properties Yield loci Wall friction Time consolidation |IVIF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
Edlilt ) L Time [h] |SIGMA1.cr [Pa] | SIGMAW cr [Pa]|FC.cr[Pa] |RHOB.cr [kg/m3] |PHIE.cr[] |PHIX.cr[] |PHILIN.cr[7] |Thetac[][ff[] |H[] |derm]  |q[] |SIGMAV.cr[Pa] |Comment g
ce - W= 0 1803 1223 1544 975 54.4 32.4 39.9 8.5 1172 213 0.344 0.145 608
Reset: 4.00 4564 3576 3666 1056 52.0 258 389 16.2 1244 225 0.796 0.155 1626
: 8.00 5634 4469 4471 1069 51.0 25.1 385 17.0 1259 226 0.964 0.158 2033
Cell Column O
Table Al . B
Change WYL Flow function |RHOB|PHIE | PHILIN|PHIX |WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
T T ‘ T I ‘ T T ‘ T T T ‘ " . ‘ 1259 " T ‘ . -% ® Cone
WYLReg WYL SS K SOLID: Sample Powder / XYZ Ltd. {| ©Wedge
= r aterial: Mild steel St37, conical hopper BBl o Asym. wedge
Safety for o Critical value for outlet dimension to avoid arching (mass flow), t=8 h B _
Theta,c [°] ff (MF) O 1z| Flow profile
|3 ‘ : ‘1 ‘ - - - % ® Mass flow
8 § O Funnel flow
Sr ]
My Silo (data input) -| || Cnt values
Theta[] b, d [m] < No (all)
20 | 05 | i 1| ot=0
Hopper shape 1
@ Cone E
O Wedge o cg -
ol s B}
© Asym. wedge Q| Foer=4471Pa =
More settings C t I t tH N
ritical strengtif_ (" .)
CALCULATE fort=8h
SIGMA1.cr = 5634 Pa |§ -
o L L L L L L L L L L L o

| L L | L L | L
0 5000 10000 15000 20000
CREATE PDF SIGMA1 [Pa] 0 My Silo
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Yield loci| Time yield loci| Wall yield loci

|

Edit flow properties Yield loci Wall friction Time consolidation |IVIF: Cone MF: Wedge MF: As. wedge FF: Rathole (LB) FF: Rathole (UB) FF: Arching (LB)
MF: Theta = f(b,d) MF: d = f(Theta) MF: b = f(Theta) MF: b,as = f(Theta) MF: d max MF: b max MF: b,as max My Silo
E:Iilt Time [h] | SIGMA1.cr [Pa] | SIGMAW cr [Pa]| FC.cr[Pa] |RHOBcr [kg/m3] |PHIE.cr[?] |PHIX.cr[?] |PHILIN.cr[] [HE |derim]  |q[] [SIGMAV.cr[Pa] |Comment
0 1803 1223 1544 975 54.4 324 39.9 8.5 1172 213 |0.344 0.145 608
Reset: 4.00 4564 3576 3666 1056 52.0 25.8 389 16.2 1244 225 0.796 0.155 1626
: 8.00 5634 4469 4471 1069 51.0 251 385 17.0 1259 226 0.964 0.158 2033
Cell Column
Table All .
Change WYL Flow function RHOB|PHIE PHILIN|PHIX WYL |ff diagram (lower)|ff diagram (upper)| Theta vs. b,d| FF (LB/UB)| Hopper shape
® Cone
WYLReg WYLSS i © Wedge
O Asym. wedge
Safety for o y g
Theta,c [°] ff (MF) O Flow profile
|3 ‘ . ‘1 ‘ - o - ® Mass flow
: : O O Funnel flow
F
My Silo (data input) - Crit. values
Theta[’] b, d[m] © No (all)
0 | o5 ot=0
Hopper shape i
@ Cone
O Wedge | -
O Asym. wedge
PHIE = 51.0° . . . .
Determination of wall friction
More settings -
ang Iej at crltlcal stress (t=8 )
IX =25.1° X
CALCULATE () ' '

20000

\1 0000

CREATE PDF

O My Silo
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Flow factor ff fo . = 5T°
(critical stress, t = 8 h)




