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Quick review

e Flow properties
— Cohesive strength
— Internal friction
— Compressibility
— Wall friction
— Permeability

e Mass flow hopper design
— Outlet size
— Hopper angle
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Mass flow hopper design

Cohesive strength (from flow function)
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Angle of Wall Friction ¢’

Mass flow hopper design
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Funnel flow hopper design




Funnel flow bins

2

D = diameter of round outlet or
diagonal of slotted outlet
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Funnel flow bins

2

Major Principal Stress
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D = diameter of round outlet or Stress or Strength

diagonal of slotted outlet
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Funnel flow bins

Unstable Rathole

“Flow Channel Stress

Stable Rathole

D = diameter of round outlet or Stress or Strength

diagonal of slotted outlet
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Funnel flow bins
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Funnel flow bins

Flow Channel Stress

Unstable Rathole
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Stable Rathole
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D = diameter of round outlet or Stress or Strength

diagonal of slotted outlet
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Funnel flow bins

| | To prevent arching in a
; T mass flow bin:
— _ B _ H(H,)Ocritical
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Strength or Stress

To prevent a stable rathole
in a funnel flow bin:
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Flow factor for funnel flow bins

tan ¢’ =sinod

Conical

50 T

Angle of Wall Friction ¢'
T
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Angle of Wall Friction ¢’
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Hopper Angle from Vertical 6’ Hopper Angle from Vertical 6’

Use flow channel value for hopper angle
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Shear cell test results
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How do we choose the stresses?
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Flow function
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Flow function
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Flow function
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Flow function
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Flow function
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Regression of test results
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Flow function
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Flow function
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Flow function
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Flow function
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Flow function
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Compressibility
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Compressibility
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Compressibility
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Wall friction
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Shear Stress (kPa)

Effective yield locus
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Wall stress
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Wall stress
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Wall stress

Shear Stress (kPa)

Normal Stress (kPa)
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Wall stress
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Wall stress
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Greg Mehos & Associates LLC « www.mehos.net « greg@mehos.net « 978-799-7311




Hopper design

A B @ D 3 F G H | J K L M N o P Q R s i u
2 Aol 0.45
3 Flow function
4 |a -0.000225 f - aUZ + bU +c clorg' fc 8 pb v d' Flow Function Effective Angle of Friction
5 |b 0.255 c ! ! 0 0.141 1656621 340 0.044
6 |c 0.141 045 0255704 5382911 362114 0.180582 219 3 | e
7 09 0370318 4876913 366.2981 0.315827 193 o ] o
8 | Effective angle of friction 135 048484 4580924 369.1036 0.449736 18.4 g T
9 |a 73 18 0599271 4370916 371.2739 0.582308 179 £ / H 36
10 |b 48 225 0713611 42.08021 373.0681 0.713544 17.6 g / x5
11 27  0.82786 4074926 374.6102 0.843443 173 L 5 100
12 | Bulk density 315 0942017 39.62396 3759701 0.972006 17.1 2 /' 2 50
13 | pbmin 340 3.6 1056084 3864918 377.1911 1.099232 17.0 3 H P
14 |a 27.000 405 1170059 37.78937 3783025 1225122 16.8 £ / H i
15 |B 0.250 45 1283944 37.02024 3793248 1349675 16.7 gos é
16 495 1397737 3632447 3802731 1472892 16.6 / | 20
17 2 54 1511439 3568929 381.1588 1.594772 16.5 0 | 0
18 | Wall Yield Locus 585 162505 3510498 3819907 1715316 163 ° 5 e | o 2 4 6 8 10
19 a -0.0033 63 173857 3456399 3827759 1834523 162 Sk princiel ase (eba) Major Principal Stress (kPa)
20 |b 0.305 6.75 1.851998 34.06034 3835201 1.952394 16.1
21 [c 0.044 P L 72 1965336 3358921  384.228 2.068928 16.0
22 K=K | 7.65 2078582 33.14665 384.9034 2.184126 15.9 Bulk Density Wall Yield Locus
23 | Permeability Prmin 81 2191738 3272939 3855496 2.297987 15.8
24 | Kmin 2.20€-03 8.55 2304802 323347 386.1695 2.410512 15.7 390 3
25 |a 12 9 2417775 31.96026 386.7654 25217 15.7
26 - 380 25
" . Mass Flow Hopper Critical /
27 | Static Angle of Internal Friction Arching Dimension "'E T 5
o8 3 370 £
29 |a 011 . Geometry i £ 360 / 2 i
30 b 30 Hopper Angle fqr Specified @ Axisymmetric 1 § rd
31 Outlet Size 255 g 1
2 O Planar 3 /
33 340 05
34 Funnel Flow Hopper Design 5
330
:2 Max ol e Janssen Equation 0 5 10 o 5 10
37 | Units: Mass Flow Hopper Solids Major Principal Stress (KPa) ormel Stress (kee]
38 | Stress Pa Discharge Rate Calculation
39 |Bulk density  kg/m®
40 | Angles deg .
41  Permeabilithy m/s ngl_?;ou:rhgaes:i FLOW
22 PP g
43
44
45
46

Greg Mehos & Associates LLC « www.mehos.net * greg@mehos.net « 978-799-7311




Mass flow hopper design
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Flow properties
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Bulk Density (kg/m®)

Flow properties
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l, 0.00

o, = 0.24

Calculate B,;,
Normal Stress (kPa)
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Guess ff

y

Determine o, from
intersection of ﬂlow factor |&
and flow function
_ J
( )
Calculate 6
w J
( & )
Calculate ¢’
- ¢ _J
( ,
Select 6’ that allows mass
flow (include 3° safety
L factor if fonlcal) )
Calculate new ff using
updated values of §, ¢’,
g and 6 )

ff

converged?

‘1, Yes

Calculate o,;,; p,, H(B")

Y

Calculate B,;,

Mass flow hopper desi

50 T T T T T

§=50° —__N& = 60°

6_400 40 ........... .............. .............. .............. .............. ............. -
T T | : E s
B ¢ =9I
[0 [ : : : :
NS o : : : :

i) 30 .......... NNy .............. .............. .............. ............. .
o 6 =30° i % : :
< ' . : : :
c i : : : :
o P : : : '

5 20 | R CTRE: PP e
C Vi : . : :
= x
© ¥ | : : :

= 10 Lo : .............. A N NG S 4

S ; 8 =30°]

: g =9" . 5=60° ]

0 " PR I S S ST S B PR I S R S SR N SR SN
0 10 20 30 40 50 \ 60
&=40°

Hopper Angle from Vertical (deg) & = 50°
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Guess ff

y

N

Determine o, from
intersection of ﬂlow factor |€&—
and flow function

Mass flow hopper design

Calculate 6

Y

Calculate ¢’

Y

e
Select O’ that allows mass

flow (include 3° safety
factor if conical) )

Y

Calculate new ff using
updated values of §, ¢’,
and 0’

i

converged?

‘1, Yes

Calculate o,;,; p,, H(B")

Y

Calculate B,;,

Angle of Wall Friction (deg)

40

35

Hopper Angle (deg)

50

Angle of Wall Friction (deg)

Hopper Angle (deg)

@5=46° ,0' =315 ,0'=9° ff=
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1.25




Guess ff

y

Determine o, from

L and flow function g

( )
Calculate 6

(. _J

( ¢ )
Calculate ¢’

\ _J

Y

-
Select O’ that allows mass
flow (include 3° safety

L factor if conical) )

Y

Calculate new ff using
updated values of §, ¢’,
and 0’

intersection of ﬂlow factor |€&—

i

converged?

‘1, Yes

Calculate o,;,; p,, H(B")

Y

Calculate B,;,

Mass flow hopper desi

Yes!

Unconfined Yield Strength (kPa)

2.0

1.5

1.0

0.5

Major Principal Stress (kPa)
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Guess ff

y

Determine o, from
intersection of ﬂlow factor |€&—

L and flow function g

( )
Calculate 6

(. _J

( ¢ )
Calculate ¢’

\ _J

Y

-
Select O’ that allows mass
flow (include 3° safety

L factor if conical) )

Y

Calculate new ff using
updated values of §, ¢’,
and 0’

i

converged?

‘1, Yes

Calculate o,;,; p,, H(B")

Y

Calculate B,;,

Mass flow hopper design

Unconfined Yield Strength (kPa)

Ocritical = 0.18

2.0

1.5

1.0

Major Principal Stress (kPa)
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1.0 1.5

2.0

= H(HI)OCritical

B

min

b8




Guess ff

y

Determine o, from
intersection of ﬂlow factor |€&—

L and flow function g

Mass flow hopper desi

( )
Calculate 6

(. _J

( ¢ )
Calculate ¢’

\ _J

Y

-
Select O’ that allows mass
flow (include 3° safety

L factor if conical) )

Y

Calculate new ff using
updated values of §, ¢’,
and 0’

i

converged?

‘1, Yes

Calculate o,;,; p,, H(B")

Y

Calculate B,;,

Bulk Density (kg/m®)

625
620 |
615 |

610 -

605

600

610

1

00

22 2

Major Principal Stress (kPa)
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10

= H(HI)OCritical

B

min

b8




Guess ff

y

Determine o, from
intersection of ﬂlow factor

L and flow function g

( )
Calculate 6

(. _J

( & )
Calculate ¢’

\ _J

Y

-
Select O’ that allows mass
flow (include 3° safety

L factor if conical) )

Y

Calculate new ff using
updated values of §, ¢’,
and 0’

i

converged?

‘1, Yes

Calculate o,;,; p,, H(B")

Y

Calculate B,;,

Mass flow hopper desi

H(9°) = 2.13

—~
~
~—"
I

3.0 ————
25 | et
[ / Conical
2.0 /
L 1
1
[ |
15
- 1 -
- ! I—‘_'_'_’_‘_'_' E
10 [ Planar
1
[ L
[ 1 0'=9
1
V)3 IO S AU S -
0 10 20 30 40 50

Hopper Angle (deg)
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= H(el)GCritical

B

min

P8




Guess ff

v

Determine o, from

e 1Mass flow hopper design

( R
Calculate 6

& J

( & R
Calculate ¢’

& J

Y

~
Select O’ that allows mass '
flow (include 3° safety B - H(0)O e _ (2:19)(0.18)(1000) _

L factor if conical) y min 0,8 (9.8)(610)

v

0.064 m=2.51n.

( Calculate new ff using
updated values of §, ¢’,
g and 6 )

fjc No
converged?

‘1, Yes

Calculate o_,;,; p,, H(6') ] 9°

‘l' 2.5in. 1.D.
Calculate B,;,
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Guess ff

v

4 . )
Determine o, from .
intersection of ﬂlow factor |& M fl W h r I n
and flow function
\_ J
Calculate 6
r ‘L R
Calculate ¢’ -
e ) ‘l’ ) '
Select 6’ that allows mass 5 O
flow (include 3° safety min
factor if conical Pof
L actor if conical) ) L. 110%(0.20)(1000
) _( (9)(8)‘(61)5) ) _0.036 m=1.4 in.
( Calculate new ff using A '
updated values of 6, ¢’,
L and 6 )

fjc No
converged?

‘1, Yes

Calculate o,;,; p,, H(B")

Y

Calculate B,;,

1.4 in.|.S.
P
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Short-cut method

Angle of Wall Friction (deg)

Hopper Angle (deq)
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Short-cut method

Flow Factor

7 S —
-\ H H -
My — — Axisymmetric (Conical) 1
) Planar | Johanson (1985)
- \ m
2.2 U
\
\
i \
1.9 A
- \
N
\
1.6 X
I \
N
r ~
L \\\
13 | S
- S S
"3
20 30 40 50 60 70

Effective Angle of Friction (deg)
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Short-cut method

Flow Factor

N —

! . o ]

E\\ \ ——/l;\i(aliyaTmetrlc (Conical) JOhanSOH (1985)
22 [ '

N ]

SN } Mehos (2019)
1.9 A\

\\ ] Axisymmetric

[ 3 0.285
16 [ " : =1.118+ —

; \\ R ] 7 (tan )"’
o N

\\‘\_\\é

: I Planar

R 0.176

20 30 40 50 60 70 ff — 1125+

Effective Angle of Friction (deg)

(tan 5)2.90
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Short-cut method

[ Guess ff ]

¢ 25\||
; D [ . . _
Determine o, from [\ - ’Sf‘a'igpmet”c (Conical)
intersection of flow factor |€&— -
and flow function ) oo | \\
¥ L\
s ) - \
Calculate 6 i \
. g . 1.9 A\
¥ 8 N
© i \
g L B
( Calculate new ff ) > \
: : : : o L
o 1.6 "
I \
i N
ff [ S o
converged? 13 [ \ I —
Yes I R - 1
¢ - \\“‘_\_\_\_:
Calculate o,,;,; p, H(8') o I ]
] 20 30 40 50 60 70
Calculate Bmin Effective Angle of Friction (deg)
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Short-cut method

[ Guess ff ‘
v

Determine o, from
intersection of flow factor [€—
and flow function

v

Calculate &

v

( ' Calculate new ff J

Vi

converged?

l, Yes

Calculate o,,;,; p, H(E")

y

Calculate B,

Greg Mehos & Associates LLC « www.mehos.net « greg@mehos.net ¢

Unconfined Yield Strength (kPa)

2.0
15

1.0 A\\'\}/

z
<
qﬁ/
0.5 /J,/
1= 0.24
0.0 05 1.0 15 2.0

Major Principal Stress (kPa)

978-799-7311




Short-cut method

ST
v

Determine g, from
intersection of flow factor |€ '\46°

and flow function 45 I \

v

Calculate &

v

( ' Calculate new ff )

40

35

Angle of Friction (deg)

Vi

converged?

l, Yes

Calculate o,,;,; p, H(E") ] 25

y

Major Principal Stress (kPa
Calculate B, I P (kPa)

30

0.24
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Short-cut method

[ Guess ff ]
‘1' 25 [

. N M\ - = Axisymmetric .(Conical)
Determine o, from L Planar

intersection of ﬂlow factor |€— I
and flow function 22

\
! . \
- 2 _.9 [ \
Calculate & S 1.9 \

L ) y— + \
> \
o \
LL

( ' Calculate new ff ) o z
[ ff=1.39 \

[ Ty «

I/
//
/
/
/

13 [ .
ﬁ I \\_\\‘\_
converged? 5= 45
l,Yes Y T T T3 T T T s w0 70
[ Calculate o,,;; p,, H(E') ] Effective Angle of Friction (deg)

y

Calculate B,,
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Short-cut method

[ Guess ff ] 2.0 _
v

Determine o, from
intersection of ﬂlow factor |€—
and flow function

v

Calculate 6

v

( ' Calculate new ff j

1.5

1.0 A

Unconfined Yield Strength (kPa)

0.5 &

Vij

converged?

l, Yes
0.0

Calculate o,,;,; p,, H(O") ] 0.0

y

Calculate B,,

(0}

1= 0.29
0.5 1.0 1.5 2.0

SR

0.29

Major Principal Stress (kPa)
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Short-cut method

[ Guess ff ] 2.0 _
v

Determine o, from
intersection of ﬂlow factor |€—
and flow function

v

Calculate 6

v

( ' Calculate new ff )

1.5

1.0 A

Unconfined Yield Strength (kPa)

0.5 &

Vij

converged?

‘1, Yes
0.0

Calculate o,,;,; p,, H(O") ] 0.0

y

Calculate B,,

(0}

1= 0.29
0.5 1.0 1.5 2.0

)

0.29

Major Principal Stress (kPa)
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Short-cut method

ST
v

Determine o, from
intersection of flow factor |€ 45 [\45°
and flow function

v

Calculate &

v

( ' Calculate new ff )

40

35 |

Angle of Friction (deg)

Vi

converged?

l, Yes

Calculate o,,;,; p, H(E") ] 25 L

y

Major Principal Stress (kPa
Calculate B, I P (kPa)

30
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Short-cut method

[ Guess ff ]
\L 25\"
. N r — — Axisymmetric (Conical)
Determine o, from ! Planar

intersection of ﬂlow factor |€— I
and flow function 22

v

|
s \ Q [ \
Calculate & S 1.9 \
|\ J q_ I \
= \
O \
L

( ' Calculate new ff ) o z
[ ff=1.40 \

N
LN
: \:\
L 1 ~
1.3 ™ =
I~ 1
- 1
1
I 1
1
1
|

i \\\ T~ ..
converged? . I
l, €s 20 30 40 50 60 70

SR

Calculate o, p,, H(8') ]

y

Calculate B,,

Effective Angle of Friction (deg)
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Short-cut method

[ Guess ff ]
v

Determine o, from
intersection of ﬂlow factor |€—
and flow function

v

Calculate 6

v

( ' Calculate new ff j

Vij

converged?

l, Yes

Calculate o, p,, H(8') ]

y

Calculate B,,

SR

Unconfined Yield Strength (kPa)

2.0

1.5

1.0

0.5

0.0

N /
,\\"\P‘/
<
(/]
cfg,//
%/
0.0 ' 0.5 1.0 15 2.0

0.29

Major Principal Stress (kPa)

Greg Mehos & Associates LLC « www.mehos.net * greg@mehos.net « 978-799-7311




Short-cut method

[ Guess ff ] 2.0 _
v

Determine o, from
intersection of ﬂlow factor |€—
and flow function

v

Calculate 6

v

( ' Calculate new ff )

1.5

1.0 AN

Unconfined Yield Strength (kPa)

0.5 &

Vij

converged?

‘1, Yes

Calculate o, p,, H(8') ]

0.21

1.0 1.5 2.0

)

‘l/ Yes! Major Principal Stress (kPa)
Calculate B,,
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Short-cut method

[ Guess ff ]
‘1' 650 —
Determine o, from ) - 1 H(0)0
intersection of ﬂlow factor (e - { Bu=
and flow function - ] 0,8
J, < 625
g ) CF _ | Use H(20°) =2.3
Calculate 6 %, [ pp =609 ] (20°)
. ) XY 0 fmmmmmmmmmmi———=-
1! > ool / | 5 _ (2302101000
' e ! min 611)(9.8
( Calculate new ff ) ) | (611)(9.8)
— a ; =0.081 m
é 1
= |
P @ 575 !
Converged? i Bmin =0.081 m
Y : =3.1in.
es L
‘L 550 Lo v . . _ ., on=084 | ..
[ Calculate o, p,, H(8') ] 0.0 0.5 1.0 1.5 2.0
J, Major Principal Stress (kPa)

Calculate B,,
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TUNRA Analytical expressions

Mass flow hopper angles Flow factors

Conical
6 = 90° — lcos_l (1 —sind ) ~ i =1: conical, i=0: planar, slotted outlet
2 2sin0 i YU+sind)H(@)
2B = ' +sin (Sin ¢’) 2(X - 1)sin®)
sin o . . ,
Yo 2 s1.r15 [sm(2./3-|:9 ) +1]
Planar, slotted outlet l1-sind| sin6
oo SPBISAON =g 51 cos(B+ 0] sin0'(B+0)" +sin Bsin(B+0)
0.725(tan §)" - e v ,
(1-sind)sin™ (L +86")
\ o P\
H(O)) = 130°+6") (200°+6
65 200°
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Mass flow hopper design

Recommended mass flow hopper
angles for outlet dimensions > B, ..

_ B |
E ° Z 30 I ]
c
< S | j
g ° 2 :\ |
£ S omb
) = | _
g H6 -— —_— e - — —h_ :
7] o 10 1 pE—
IS I -
C i
< I
ol .
0 8
Normal Stress (kPa) Normal Stress (kPa)
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Mass flow hopper design

Recommended mass flow hopper
angles for outlet dimensions > B, ..

a0 - 5C

O O
n n
o o
© o

Iy

30
20 \\

10——--— ————Ix_H_;h

. Funnel Flow

Angle of Wall Friction (deg)
N4
Angle of Wall Friction (deg)

Massé Flovlv {5 =30°

[ 1626

0 2 4 6 8 10 0 10 20 30 40 50 60

o 6=40°
Normal Stress (kPa) Hopper Angle 50
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Choose B

[

!

T awwe )
[

—

¢ Mass flow hopper design
Determine §, ¢’ *'—

v

Select 6’ that allows mass flow
(include 3° safety factor)

N T / B=0.304 m=121n. [.D.

( )
Calculate ff
(. _J
( ¢ )
Calculate H(6')
(. _J

y

Solve 0, = ffp,9B
H(e’)

o, converged?

‘1’ Yes

0’ is recommended value
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Choose B

[

!

T awwe )
[

—

¢ Mass flow hopper design
Determine §, ¢’ *'—

v

Select 6’ that allows mass flow
(include 3° safety factor)

N T / B=0.304 m=121n. [.D.
Calculate ff

v

r
_

Calculate H(6') (0]
_ J ﬂ = _1
y o
)
Solve g, = ﬁ‘pth
H(B’) )

o, converged?

‘1’ Yes

[ 0’ is recommended value J

Greg Mehos & Associates LLC « www.mehos.net * greg@mehos.net « 978-799-7311




Choose B

[

!

T awwe )
[

—

¢ Mass flow hopper design
Determine §, ¢’ *'—

v

Select 6’ that allows mass flow
(include 3° safety factor)

N T / B=0.304 m=121n. [.D.
Calculate ff

Y

r
_

Calculate H(6') (0]
‘ J ==
Y o,
)
Solve 0, = ffp,9B
[ " He ) 5 = P85
1 H(e!)

o, converged?

‘1’ Yes

[ 0’ is recommended value J
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—

Choose B

[

!

T awwe )
[

¢ Mass flow hopper design
Determine §, ¢’ *'—

v

Select ©' that allows mass flow
(include 3° safety factor) -

. ) g B=0304 m=12m. L.D.

[ Calculate ff )

( l )

Calculate H(6') (0]

g $ J _ff = Tl

) 01
Solve 0, = ffp,9B
[ " He = _ P85
1 H(e!)

o, converged?

A G
L H()

‘1’ Yes

[ 0’ is recommended value J
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Mass flow hopper design

B=0.304 m=121n. [.D.

o - P.gB
1 H(G,)

_ (L4)(610)(9-8)(0.305) _
(2.3)(1000) '
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Choose B

[

!

T awwe )
[

—

I Mass flow hopper design
Determine §, ¢’ ;—r—

v

c ™
Select 8’ that allows mass flow 50 .
(include 3° safety factor) '
\ Y,
, ! \ _
Calculate ff 45
g _/ L
»1: 43°__.__Xi=alna1+b
e M S L .
Calculate H(B") ) L :
L ) E 40 : \\\‘
v 5 [ S
\ 5 =
Solve o, = ffp,gB v !
T o) B 1
Mo | [ N
[e)) L 1
c 1
< |
o, converged? 30 I :
Yes I :
Y 5 12
0 2 4 6 8 10

0’ is recommended value

Maijor Principal Stress (kPa)

Greg Mehos & Associates LLC « www.mehos.net * greg@mehos.net « 978-799-7311




Mass flow hopper design

2.0
1.5
o
(W
—
w L
w
t 1.0
]
@
[14]
i
va]
L 12 ,
0.5 ) +bo'+c
0.0 /
/ 1.0 0,=1.2 15 2.0
2 2_ p2
0-0,,) tT = Normal Stress (kPa)
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Choose B

[

!

T awwe )
[

—

; Mass flow hopper design
Determine &, ¢’ —

s ™
Select 6’ that allows mass flow
(include 3° safety factor) 50"1"
L \l, y, : : : ' :
( R = g : - ° . N N N 1
Calculate ff o 500 =607 e e T e ]
L \l' ) 6=40 — : ]
- ~ ) i : P :
N . — 1:_ B
Calculate H(8") § 0';—90°——l;rc "= §1n5 -+
L ) ° 30 sz NN e 2 TN 28I i -
J o 5 = 30° s g ;
) < "2 923° \ P ir
Solve 0, = ffp,gB < Ll ECS i 2P = ¢'+§s1n_l(51.r§l¢ )
H(e’) = 20 b e NG e A sim. i
J 9 ( : s
= :
—_ I B
o F ; : ;
; T N S .............. : .......................... .......................... i
o, converged? - : i ) _ 200
1 g i ; 5=30
9 =20°! 5= 60°
O | PR : 1 PR 1

0 10 20 30 40 50 \ 60

Hopper Angle from Vertical (deg) 6 = 50° 5 =40°

[ 0’ is recommended value }
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Choose B

|
l
[[ “*—IMass flow hopper design

—

DRI 2 6 %—

( ¢ N
Select 8’ that allows mass flow
(include 3° safety factor)
. \l, J N . 50 !
- A0° o =50°
f Calculateﬁ h - T T N P P 6 _40 ......... j _— '
L ¢ y § ‘f]‘(‘ _ Y(l + Siné)H(Hl) .......... ............... ................. ................ o
[ Calculate H(B') | é 4 2(X 1)(811’1 9 )
_ Y, o =
v R - 2 sin o s1n(2/3 +0' )
[ soleon = Tag? = 1 sind|  sin®' -
< AN [2(1 cos(/3+0))] 51nt9(/3+¢9)1 ’ +s1n[3’sml+’([3’+6)
ol ST I (1-sind)sin*" (B +6') 50
Hopper Angle (deg) Hopper Angle (deg)

[ 8’ is recommended value } @ 5 — 430 , ¢I — 230 ’ 9: — 220
ff=1.39
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Mass flow hopper design

3.0 ———r
25 | /{//
H(20° )=2.317"""""""" 7 Conical
20 L i g
o i H(O) = 130°+6") { 200°+6
T [ ] 65 200°
15 .
] ]
L
_ 19 = 20°
05 Lot ; -
0 10 20 30 40 50
Hopper Angle (deg)
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Mass flow hopper design

650
625 | p,=p +ao’
i b bmin 1
e =614 —
E.—, .__[_)t_) ______ ;;__;:;__,_,_:_,—-—'—'-"'_'__F ]
2 00| ] i
3 - i
= |
@ :
o, )eB !
Y XCAT :
H(0) i
Py = Pymin +aalﬁ | 0;=1.08
550 Lo v v il
0.0 0.5 1.0 1.5 2.0
Gl =1.06 Major Principle Stress (kPa)
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Choose B

[

!

T awwe )
[

—

; Mass flow hopper design
Determine &, ¢’ }q—

c D
Select 8’ that allows mass flow
(include 3° safety factor)
\ Y,
\l, 50 et 20 —
C a -
Calculate ff ] -
& Y, \ g r
\l' 45 I
0 x 43° :v=alno +b 1 1.5
Calculate H(©’) >  FT0 . I /
. - 40 [ \\‘ £ _
Y E : P S—
| @ :
Solve o, = ffp,gB L ! |3
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