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1 (15 points)

A vertical flow of water (density 1000 kg/m®, dynamic viscosity 107 kg/ms) contains
bubbles (approx. zero density) of 2 mm diameter.

Estimate the bubble Reynolds number on the basis of the velocity of the bubble that
you expect and decide whether the flow around the bubble is laminar (Re<2),
turbulent (Re>500) or intermediate.

The downward velocity of the water is adjusted so that the bubbles form a stationary
swarm with a water volume fraction of 70%.

Compute the water velocity.

What is the pressure drop over one meter height of the bubbly flow zone?

2 (10 points)

A flat screen with a 12 mm square mesh is used to dry screen rubble from sand at 20
tons/h through-flow. Using the data sheet at page 3-4, provide reasonable values for:

1. the size (width and length) of the screen;
2. the amplitude, frequency, throw angle and inclination.

3 (10 points)

Leva derived a formula for the velocity of incipient fluidization by setting the
resistance of the flow through the bed equal to the weight of the bed in the fluid.
Derive a similar equation using the Richardson and Zaki formula, also for the laminar
case (use n{Re)=4.5). At which value of the porosity do the results of both formulas
match? Why is Leva’s result not valid beyond the point of fluidization?

4 (10 points)

Consider Figure 1. Give the meaning of the parameters in the formula and derive the
formula.



Figure 1.
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contains such small amounts of surface moisture as not to impede
screening,

10) Combination—In many cases, the operation may involve two
or more of the preceding. If so, aitention should be given to each
to determine the controlling factors.

The screen manufacturer and his technical representative should
be prepared to provide specific data on the types of screening opera-
tions for which their vnits are best suited. They must also provide
some indication of the range of product sizes and capacities for which
any given unif may be considered. With this preliminary data at
hand, the field of available choices is narrowed down considerably,

The next step, then, is to make a screen sizing calculation based
on a rational method. Such a calculation, however, should not be
regarded as providing an exact solution, since the many constanis
have been determined empirically and have somewhat limited ranges
of applicability.

It should be noted that there are, in current use, three basic meth-
ods for capacity calculation: (1} overflow method, (2) through-flow
method, (3) total feed method. As their names imply, these methads
differ in the flow of maierial that is used as a basis of calculation;
tons per hour passing over, through, or into the feed box of the
screen.

Each method has ifs proponents, and each proponent has his favor-
ite set of empirical factors and variations in procedure. The procedure
presented here is a through-flow method.

Screen Selection Calculations

The basic relationship on which screen sizing calculations are
based may be expressed as follows: The area of screen surface required
is equal to the through-flow tonnage or capacity divided by the cor-
rected unit capacity for the material being handled, In mathematical
terms, this may be expressed as follows:

A=C/Cu X F

where 4 is area of screen surface in square feet; C; is through-flow
capacity, or tonnage of undersize in the feed to the screen; C, is
unit capacity or basic tons per hour per square foot through the
screen, for the size separation and material being handled; F is the
product of the various corrective factors.

Table 5 presents a summary and description of these various fac-
tors, and provides an index to the tables in which their numerical
values may be found.

The typical problem requires entering chart A with the size of
separation desired and type of material handled. Moving horizontally
across the graph, read out the unit capacity.

For example, assuming sand and gravel at a 2-in. separation, a
unit capacity of 4.85 tph per sq ft is obtained. This value of C,
must now be corrected for the various conditions represented by the
factors.

Previously, the many variables that affect screening performance
were discussed briefly and their interrelatedness noted.

Now, having deseribed the use of a rational screen sizing procedure
by which the required screen area may be approximated, it seems
appropriate to return to these many variables and illustrate their
infiuence on the final selection of a screen.

It should be noted that for a multi-product screen, it is necessary
to calculate the area of each deck separately for the size of separation
desired.

Having determined the approximate area that must be provided,
the determination of the proper length to width ratio must be resolved.
As a peneral rule, the largest ratio that should be considered is about
2:1. However, 1.5:1 provides a somewhat better ratio.

Within limits, the wider screen delivers a greater capacify at a
higher efficiency. It follows then, that the widest units practical should
be used for greatest efficiency.

S. A. Stone, vice president-engineering, Deister Concentrator Co.,
speaking for the clay products industry, recommends a maximum

SCREENING

length of 7 to 8 ft for the fine mesh screening encountered there. A
corresponding maximum of 5 ft is recommended for the width of
such units. It is suggested that a battery of smaller screens be consid-
ered as a more effective alternative than the larger screen. There
are, of course, other advantages to the use of a batiery of screens
in paralle], 2nd these will be discussed in detail later.

One down-to-carth guide for proper screen width says that it
should be possible to see the screen deck through the bed within 1
to 2 ft of the discharge end.

Assume that the area required was approximately 32 sq fi. Apply-
ing a ratio of 2:1, a 4 x 8-ft screen would be indicated; whereas,
for a ratio of 1.5:1, a 5 x B-ft screen is the better choice.

One method of arriving at a rational selection of width involves
determining the theoretical depth of bed. The importance of bed depth
and its effect on stratification has been discussed previously. The for-
mula C = 3 d W/20, in which C = tons per hour per inch of
depth, provides a simple means for calculating bed depth or tonnage

Table 5. Screening Sizing Colculations—Through-Flow iethod

Refer to
Factor Data reguired chart Comments
(. screen capacity Name, deserip- A
per sq. ft. tion and
weight of
material
Fy, fines factor % half-size B Provides compari-
son of the diffi-
culty of
separation
I, oversize factor % oversize B Allows for strati-
fication. May
use 0.80-in.
range 70 to 95%
if sereen is wide
enough
F,, efficiency % efficiency de- B Scalping effi-
sired ciency usually
taken as 85%,
Separation
range 80 to 95%
Fy, decks Number of sep- [ Allows for area
arations 1ost on lower
decks
F,, wet screening Size of opening D When water/feed
ratiois 3 to b
gpm per cycle
per hr, use ¥,.
If not certain of
water use ad-
justed factor,
F, wa
Fia, Open area % open area of E Assume capacity
medium to be varies direetly
nsed with the
) change in open
- area
F,, slotted opening Shape of open- F Assumes long di-
ing and mension of
length/width opening is par-
ratio allel to material
flow and in line
. with sereen mo-
tion -
40% rule: area Use when 40% or
equals % of feed less less of feed is
Tpk {feed) X 0,40 than opening smaller than
where little or
nothing is

sereened out

Adapted from Hewitt-Robins, Inc.
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GENERAL CLASSES OF SCREENS IE-11
hart A-—Sereen capacity per square foot Chart D
. Wet screening factors
[.0 - Opening
0.9 & size Limiting
) L=y {square), in. moigture™ B, Foat
4 . . -
0.8 N Capacity for Slag, Sinter Etc. 16, or less o% 126 L10
0.7 I, Jcu. Yo 1% 3.00 2,00
& Ib. /cu. ft, . Y 1% 3.50 2.50
0.6 7 ——— x Stone Capacity : - o 50
: / / 100 Hs 2% 4,50 )
0.5 // o A% 3.00 2.00
0.4 Entarged 3% 4% 2.50 L50
s | [/ |Seale y 6% 176 1.80
203 y - 8 Y 6% 1.35 1.20
‘5 0.2 // - . lto2 6% 1.25 1.10
2 / _ - 1% No limit 1.25 110
a T +2 No limit 1.0 1.0
iy -
: 3 - 6 * When screening dry: If moisture exeeeds this limit, must consider special
& 0 .05. .05 .20.25 - aperture constructions
“-Square Openings{in.} — Tt Use Fi when uncertain about maximum spray water being available,
11 ! | or being used efficiently
3032 38 40

S/0pan Area
Chart B
Factor
Fines, Oversize, Efficiency,
% Fy F, B,
] 0.44
10 0.55 1.05
20 0,70 1.01
3 0.80 0.98
40 1.00 0.95
50 1.20 0.90
60 1.40 0.86
70 1.80 0.80
80 2.20 0.70 1.75
85 2.50 0.64 1.50
90 3.00 0.55 1.26
95 375 0.40 1.00
Chart C
Decks Deck factor, Fy
Top 1.00
2nd .99
ard 0.75

Chart E

Open area factor — % Open area = P
For the more common apertures

Type of aperture

Formula for %
open area, P

Rectangular opening

=% Open area

d = diam of wire, or horizontal
width of bar (for plate)

a = clear opening dimension

P=0pen area X 100 100 {a.) {a2)

Total area “Ha,+ di) (@2 + do)
Square openings P=100 a® e ¥ @m=a=ca
Specified by opening size. (g 4 gy 160 a+d di=de=d
Square openings P =100 a2 m2 m=1
Specified in mesh (m). a-+d
Parallel red decks
100 o
e P=tavd
s
Special weaves Assuming a; =,
a..}
g a1 {as - 2a,)
S, P= 100[ —
’;(d. {2z + 2a, + 3dy) (a, + dy)
e

Ty-Rod, nonblind, ete.

Chart F~Slotted opening factor

Slotted
opening
Length/width ratio factor,
Typical sereen media [(a2/a,), Chart K] Fe
Square and slightly
rectangular openings less than 2 1.0
Rectangular openings, Equal to or greater than 2,
Ton-Cap but less than 4 1l
Slotted openings, Equal to or greater than 4,
Ty-Rod, nonblind but legs than 25 1.2
Parallel rod decks Equal to or greater
than 25 14




