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Formulas were developed for determining ”L” for

use in the velocity formula. Th: "h" value is used in(
3

place or the drag coefficient ”C”. Particle praycrtles

were used for the determination of "k".

The formulas are valid for the particles tested

when the transport velocities are between 1000 feet per

minute and #000 feet per minute.

Charles Erskine Rice
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nechanical devices, however, tne easZ Cl cge‘aticn and

sinjlicity of installation ha‘e nade pieumatic conveying

a popular means of elevatinb silaQe, chopped hay, and grain

when groduct dahage is not of najor iz1m"rtance

The generally acce,ted pneumatic conveying rate is

50 fps (3,CCC fpn) (13). In the case of vertical elevation

the required air velocity must be suffic ient to su; ort the

particle plus 50 fps.
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1ne early work concernin preuuutic trgub;c1b was

ccruucteo c D .
_

U
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ilage cutters which not only us the silage but

also elevated it 'nto the silo. ln 19:1 the n1411c1n

Society of Agricultural Burineers' Belt Xachirery com;ittee

—

!

(13) suggested the fol owingfo1nula 101 rating sila;e

cutters:

A

(1) Tons yer Lour = thrcgt_arga 1g: x CB$§1£€¥ sin; 

1Le comznittee also statuaroizeL tee 511a e cutter

f
‘

(
L

(
1
1

(
1
'

m 0

Duffee (6, 7, 3) Teacrted o“ testiu

. ' '. '\ ,"' .". ’.' 'V r "" CV "' " ) ‘2 "* ‘ I-" 1' (\l,’ l‘v‘ " ,

ClUALLIY (1.1. SLLd‘JC ML. UK“.C: 3 4.3.1 lC/‘Ll‘f'. :33 101A1C1 1-1(LU “4.1.8 pCJWBI‘

reUlrLM81tS were C.32€ hc/ton for cutting and C.;Qo uy/ton

m

for blowing. 11e ; wer for blowing was 71.72% of the total.

’ ‘ ' "‘ ‘ - I ‘ . I v ‘ ‘ V»; ‘-f r " I? '- ‘ '. ‘I ’ ' ‘r ’. "1 ‘. r ‘ 1

Tue relationsaip oetwecl hf“ aha l,ower re9t11euehts 1nu1catee,
-
)

that steeds between 500 to 600 REM gave capacities couperable

with nigner steees ane required less horsepower. In his re-

port in 1925 Duffee \
J

H;sented a new formula for rating

.
-
-
:

Q-

silage cutters. 1e also studied pressures founu at the

octtom of the elevation pipe. In the contarison of large

and Snail pipes it was found that, in general, horsepower

requirenents increased Wlbu a decrease in pipe size. For

the relationship of Speed and efficiency it was Ops erved

that caracicy is pr portional to speed and tl1at tne horse-

power curve is more abrupt than the capacity curve.
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In I923, Stewart (16) cslculated the volume of the
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drawing snowing the results of his analysis.

In 19%6 Rancy (14) suggested the theory of free

threw for silage blowers.

In 19H9, Longhouse (ll) reported on the performance

characteristics of long hay blowers. he found that the fan'

inlet size was very important. When it is too large, effi-

ciency is reduced and when it is too small, not enlugh air

can enter the inlet. He also reported that the shaft horse-

power varies as the cube of the speed, and that peripheral

speeds of 10,10 feet per minute are needed.

In 195C Lon;house (12) reported on the application

of fluidization to the convegring of grain. He conv-yed

grain in a one-inch pipe seventy-five feet long. Conclusions

.C‘

eached as a result 01 the fluidization studies are as

follows: 1. Grain either whole or ground can be conveyed

satisfactorily as a fluid, 2. ccnvecnierce and ease of opera-

tion favor fluidization, and 3. initial cost and maintenance

should not be excessive.

In his text book seiner, et al (2) gines irforua-

tion on the theory of the i.ipeller blower presented oy Segler.

Segler states that the material has a lower velo-

city than the air in the uyoe portion of the pipe and a

sreater velocity as it leaves the Ml es.

fancy (14) has resorted that paddles loaded for a

distance eiual to 1/n the radius will unload in 450, and



those loaded for a distance equal to 1/3 the radius will

unload in 550.

Duffee (9) reported that normally only 2% to 3

inches of blade was used, and that less power was required

by 4 inch blades than by 8 and 10 inch blades. Serge (1)

reported that 5 inches of the blade was scored, and that the

blades were unloaded at an angle of 450 with the tangent

point.

Theoretically, elevation efficiency depends upon

kinetic energy imparted to the particle in the cases of the

,imaeller blower i.e., h = V“. The height elevated is always

less because of friction in its various forms. Duffee (9)

has stated tiat the power would double when the elevation

it is increased from 30 feet to 100 feet. De_Forest (h)

worked with 4 and 8 bladed impellers and the kinetic energy

imparted to the material. The kinetic energy imparted by

the 8 blade impellers was h3fi of input with an efficiency of

17.2%. The R blade impellers im;arted 57£ of the input with

an efficiency of 22.8p.

The actual height that blowers should be operated

is 40% of theoretical height according to Duffee (9). They

are often operated, however, at lower percentages of the

theoretical height. Power operation data normally used for

impeller—blowers indicate that most of them operate with

.‘I
-n.

Gil iciencies running from 5 to 10 percent (14).

Segler (14) has done considerable work on pneumatic



conveying and on ingeller blower he states that there

is not sufficient experimental y deternined data available

for determining the coefficient for chaf

- .1 . - . ~ .0 o - 1. ..

conveying. segler reconnencs an elbow 01 o QlPMGberS ior

conveying, and the use of a diffuser which gave a 105

capacity increase.

:1, 1 5 ".VJ 1'1 2;; til“ 3: ‘ ill.- ‘i‘l 1{enterson ( ) 01 os t e e one 01 i JGCL‘L] of

material into nneumatic ccnveying svsgems such as the bucLet

wheel, screw and the injector. 0 those can Le added the

:3 s o f“

direct entrance into the 1an nous1ng. -ne bucket wheel can

be used for ‘iliar treasures than the scr w. The bucket

wheel and screw both give excellent air flow efficiencies

of approx'mately 1003 [we ause of very low pressure loss.

The injector intake which operates on the principle of the

injector nu:p is of simple design and is suited for the

entrance of most materials. The air str am coming from the

blower is restricted in the nozzle and transferred to a high

velocity. The resulting velocity pressure in the conical

expansion is transferied into static pres sure.

(
D i

Segler (l3 ) has shown that in an in ellr blowe-,

the material velocity is greater than the air velocity

during the first part of movement and that its velocity drops

below the air velocity ve1y ragidly tourrds the final gart

of movement (figure 1). The material velocity is always

below the air velocity in a pneumatic systen.

I- l“l ‘ ‘I

ins buffalo Lorge Congany (13) has published data
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run

on generally used conveying air velocities. inese are shown

The Buffalo Forge Congany (13) uses an exoression

developed from tests by H. Gasterstedt to deternine the

pressure loss resulting from the pressure of material in

A

d

tne air stream. They use a vertical resistance twice that

for horizontal movement for moderate lifts (approximately

fifty feet or less).

The energy required to accelerate the material

from zero to the conveyin
r‘

11/

r

U
velocity is significant. Tne

Ooressure lo 5 resulting iron th introduction of the mat-
J.

(
I
:

H; air may be estimated byF
]
.

erials into tne stream of nov

tne following extression:

(L) A = 2.£5 gr

A = 1ressure loss, inches of water

R ~ Katie, pounds material per pound air

Pv: Velocity eressure, moving air

crane (5) developed tneoretical equations for

deternin1ng tressure drops in a oneumatic syStem conveying

solids in a straignt section of pipe under steady state

conditions. Friction factors for air and the solid and the

design specification are required for tne solution 01 these

equations whicn were veriiied oy exterimentai work. Some

of tne conclusions Crane drew from nis work are:

1. Pressure drop due to solids increase as pipe
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equitnent and tie asse1e11nu o1 Standard tes equ1unen .

J

1 . . 1. .T' 1r1 - 11" ,1 ‘ “ 4.

DCV’1>LOQt c1 JgTIRHLC-nTea “eter

.A , 0 1‘ r1 . ,~ ' {Vt _ Q J- ’ ‘ o -5" ' . . _

a device Na deeded to as erline tne air veloc1ty

- 1 . 1.1 n . '3 .° . ' ' --. m- .

strean epy031nt tne iorces Cl brav1ty. VUHJI‘Clal GQUlgLvnt
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1. It should pera1t ure a1 a range 01
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Velocity required to SMSPQE' or float a particle. 1n tapers
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air veloc1t1cs as it aggroacn a he large end. The tayercd

-' \‘fl‘L‘. ~- v ( x J‘ ‘5‘ 4- " ‘5 -‘ -'~.~l ' ‘T- w‘ ‘-~‘ 7‘ ..4 I" 3‘ .
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Figure 2. Apparatus used in determining suspension velocitie
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Figure 1+. View of rotometer with a cylindrical particle

suspended.
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Vertical Transport Velocities

‘

The method used to determine effect on minimum

trzads;ort velocity caused by size, shLuge and density of the

particle on minimum transtort velocities called for the use of

.‘

the vertical pipe system. The exgierimental ccsign used was

L

tne ra1donized block. Preliminary tests were run to deter—

mine the number of replications that would be required. As

a result of these tests ei:1t replications were used in

analyzing the data.

9

The fan speed was adjusted to urnish air at a[
"
1
3

velocity below the anticisa ted airlinuxn transport velocity of

the 3article under test. The test particle was injected

tLrouOh t11e port Opening and then the tort was closed. The

p
.

(
I
)

sp=e 01 tne fan was tnu41.niJusteu until the larticle becaLe

visible in the plastic section, and then tne speed would be

increa ed in increments equal to aggroximately 20 feet per

be trans-:
1
.

minute or air velocity until the particle woul

J
‘ 1 \\ J“\ ) s 't I ‘.‘..‘--. (-c 'r s LA,” I- , 1 ~fi 1". w ‘A' J—

ported ab cue veitical kite system and out tne top Ol b, e1
)

system. One minute was allowed between incremeent increase

to ::er.it stabiliaticn of the particles.

The air velocity in the ertical line system at

which the particle was transported was deteruined by

traHVGIe Oi the yipe with a hot wire anenometer, and checked

by the use of a pitot tube.

The time allowed for t11e {article to be elevated

3% feet was 1 minute. A reasonable estimate for the average
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ABRCDIL.2‘1 1C LEISURE:

The aerodynamic properties of a particle depends

upon the phvsical characteristics of the 1rticles, the

operties of fluid inm:“ich it is located, and the applied

force. The fluid cc dered in this study was air.

Lapple and Shepherd (lC) develOped a mathematical

analysis which handles the relations of these properties.

(3) L111 = (VP/0p ~7/pfl)

g(//gp ;,/C:) - F

By definition:

(A) r =c: g1? /9A

2

/5 -c v2 #-

7gp 2g

+
\

b
e
»

\
_
.

O
‘
Q

9
-
—
~

A = projected area of particle. Square feet.

/4’ = fluid Specific weight. Pound per cubic foot.

/‘DI>:= particle specific weight. Pounds per cubic foot.

v"p = particle volume. Cubic feet.

— particle aerodynamic drag coefficient, dimensionless.

V = relative velocity. Feet per second.

F = force. Pounds

N = particle mass.

W = particle weight. Pounds



9 = time. Seconds.

Re = Reynolds number.

D = average particle diameter. Feet

A particle allowed to fall cith only iluid resist-

ance will ”0381 a naximum velocity, in a downwa'd direc

: m— an“ ° . :4 A -'4-. .— ..4- 4-1-... 0 JD 2 '
1f the gaiticle tensity 18 greater than tae llhlu eehs1ty,

suspend a

V‘ ‘ r" .‘L '. 1" ' 4“ 'L'- t‘ ’1 V' " L.‘ 4" fi' " ‘. 'L‘ " "H. ".- ' '~.\ "3 . . Y

must balance ULC steaud state velocity oi tne baiticle h

‘- ~ .‘ ‘ a: 1. '
the downward dilectio..

or velo-H (
D

"
5

Q
?

(
1
"

1
.
:

'
3

:
3

have no acce

city and th velocity of the air would also ee the relative

q
-| .1 :V‘ - ' _"'\ “ ' I ~ I- _' 1“ J- -‘- ~. ,‘ ‘, ‘ 7- ‘ ‘ ‘ ‘_ (R I

velocity 01 the air strean to the suspended particle.

; ' ‘ 3“ ‘ ‘." 1 ’t F. 1 7‘ "‘ ‘ 3 J. ’. ‘

since cue paitiele has no acceleration.

fe will suostitute dv = 0 into equation (5)
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(S) V = 2s
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curve tu red upward.

It is possible to show this point of maximum sus-

pension velocity even more clearlv by adjustin

and plotting both the naxin n projected area and the ratio

of maximum projected area against the ratio of area

volume volume

(Figure 13). In Firure 13 the scales were so adjusted that

the two lines crossed where the maxinun projected area line

became horizontal and the rate of the maxiILNro;e_§gd area

volume

 

line turned upward.

This cobination was used to swzox the location of

the rPXinin required suspensiin velocity as a point on the

g°a h rather than the break in the line as shown in Figures

The effect of the L/D ratio was investigated in

tvo wa s. Figure 1% gives the required suspension velocities

for differ nt shaped perticles with a connon L/D = l. The

density of the cylinders was corrected to that of the other

particles. This graph indicates that with common L/D ratio,

cvlinders re:uire greater air velocities than the rectangular

and triargular particles. Fiaure 15 compares the required

air velocities for suspension of different shaped particles

with common L/D ratios. The maximum susp nsion velocity

occurred 'itli an L/D = 1 except for the triaigular particles.

ne required suspension air velocity goes up as the L/D ratio

decreases to l and decreases as L/D decreases from 1 with

the exception of trianruleirparticles shown. Figure 16
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shows air velocities required for cylinders with common L/D

ratios.

Comparisons of re

p
f
)

uired air suspension velocities

of the same shape but of dif erent size particles are given

in Figures 17, 189 d1? (plotted on inverse semi-log paper).

The raximum velocity for each size is of the same magnitude,

but occurs at a different volume. The maximum occurs in

the region where L/D is approximately 1 and the velocity

decreases with a decrease in volume as the L/D ratio goes

down.

The data obtained in determining the suspension

velocities for cubes of the sane size but different densities

were used to calculate the suspension velocity of the heaviest

particle using the assumgction that the velocity would be

proportional to the third power. The average of the values

culated from ezperimental data for the suspension of the

heaviest 0a ticle v.as ta}en as the oest esti of the

rec ired suspe1sion velocity of the particle. It was used

as a basis for calculating suspension velocities for each

group of particles. The values obtained were plotted as a

line on the same graph with the experimental values (Figure

20). The calculated curve, and the experimental curve, are

siLilar.

Kinimun Transyort Velocities Test

The data obtained in the tests to determine
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Figure 20. SuSpension velocities of cubes of the

same size but of different densities.

Calculated and experimental values are

shown.
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minimum transport velocities were plotted in the same manner

5 the data from the suspension velocity tests. The nature0
)

of the curves was the same. The values obtained and the

analysis were comparable to the results on the required

suspension velocities. (Figure 21).

The particles with dimensions approximately those

of a sphere or cube required higher suspension and higher

minimum transport velocities (Figure 22).

Figure 23 shows some of the test particles. The

corn pith had to be dropped from the tests because it dis-

integrated before the required number of replications could

be made.

Figure 2% shows the transport and suspension velo-

cities reqzired for 3/# inch diameter haple cylinders. The

transport values are higher than the suspension velocities.

'Acoording to Segler (15) the particle velocity would be

about one third the increase in air velocity.

Comparison of Experimental Results with Theory

The velocities were calculated for particles tested

and the value of "C” determined that could be used in for-

mula (11) and obtain the same velocity.

..L .

(11) 02v=8.03 w

A flp

These experimentally obtained "C" values were
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Uhere: V = Volume in.3
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mp8 => maximum projected area in.2

Area in.2A

The formula that applies to rectangular particles

is of the type:

I{ :: (Tr) 3-4-2; + D

W z

_ +
(13) K —(p) ... mpa+0

S A

Where: L = Length in.

S 2 Side in.

mpa = maximum projected area in2.

A = area in2.

D = O

The formula that applies to the triangular particles

is of the same form as for rectangular particles.

1

(1%) K = L) 7’+ 2 mOa + .3

3/ " A"

Where: D = .3

These formulas checked out with maximum error of

18.2 percent on the heavy plastic 1 inch cube and less on

the others. The average value obtained differed from the

experimentally obtained value by less than 10 percent. There

was no statistically significant difference in the two sets

of values.

The suspension and minimum transport velocities

do not cover a wide range of velocities and the range of

"C" values is limited. The formulas obtained are valid in



the range of velocities from lCOO feet per minute to #000

feet per minute.

The formulas can be used with the theoretical

formula to obtain required suspension and minimum transport

velocities with a reasonable degree of accuracy.



HA

-3:—

 

 

TABLE 2

"K" VAT..ITES FOR CYLII‘TUERS

Particle 3"? E Drag

Maple "K" Coefficient

Cylinder§_ Calculated” __.__"§__'f_-__

B/M" dia. x 2" 1.02 1.0a

3/4" dia. x 123;" 1.00 l.lI+

3/h" dia. x 1" .98 .97

3/”" dia. x 3/h" .96 .97

3/4" dia. x a" .98 1.10

3/I+" cm. x at" 1.07 .96
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The information develorod in the stud? has L«
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application in the field of

materials. The y;ower and air velocitie to trans-U
)

*
‘
S

O

Q 1
.

H (
' p

o p l‘ . _ .L .:

ens oi the nartlclesV
’
)

}
:port material is effected b; the diLenl

transported.

In the trans ort of forages, long or extreuely

short cuts would reo‘ire less air velocity than particles

cut in lengtgs approxiLately equivalent to the diameter

of the particle, i.e. = l.

 

O
w
e

. l--,. .-fl. , Vr‘ -4, t -. ,. "

In the trans cit oi SLaller materials, tne results

F
J
O

obtaired ndicate that grain tha has been rolled or crushea

could be trcnsported with less air velocity than the original

grain.

relation to its volume, tLe lower the air velocity that is

req‘ired for the sare deLsitv. greatLent of Laterial to

obtain greater prcjeoted area would reduce the air velocity
¥.

and save tower.

An application of the princip es involved would be

the handling 0: materials ior gretalse aniLel ieeis. They

could at used in tile nudtllnp of L terials from the arm or{
n

r\ J- r\ ‘-' V. r.- : “ J‘- " 3' 1‘ ‘ ’2 t f" o‘ .1 . - n ‘1' i q. ‘,'\ I“

ab any stage in t-e MabeFJdlS Jdndllng at tne feea Llant.

F
)

a o o I 1

rue air veloCity ro<1i1efl to susnend a L" X 3" x

Douglas fir garticle was lHSC feet per minute, while :or a

1 , 1 ., 1 y‘ , _° , ‘ . ‘ , , ‘A “1,- r- - -

y" L g" A 3" yaltlcle tee veloc1tf has 1705 leet L...er Linute.

To this velocity 3000 fee per minute conveying air velocity



to

must be added to obtain the total required velocities of

4450 feet per minute for t" X t" X 2" particle and 4705 feet

per minute for the %" x %" x %” particle. According to well

known fan laws the horsepower required for a unit fan varies

1 V J_7»‘ ' . I“ -.. .I.. . -‘ 1 L. r‘ -' ‘ u‘ .‘A.’.. A

as the once of the revolutions ,er minute (he cholc ieet

J

I
)
"

p
.

C
)

p
.

(
o
f

F
}

1
.
.
)

‘
4

(
'
1
‘

K (
3

1
.
:

\
3

. [
O

(
D

’
5

O C } c
+

E H (
I
)~‘ v,‘-. ~A fi 7 4-1‘\ . .' , ‘

yer Linute. On this ca

1

horsepower to convey the '11“ len {$7.18 $39,111 the 2" lengths.

Since the suspension velocity of the 2“ lengths is the same

as the 2" lengths it will also require 17.2 percent more

horsepower to convey the %" lengths than the i" lengths.

If the susepnsion velocity for the %" x t" X 1“

Douglas Fir particles was not known and the Drag Coefficient

"C" was not available, the approximate suspension velocity

can be calculated by the method develoned.

(13) K = .L) t + 2 Lna + 0

s "lf“

K =(0.2)‘3’2‘+2 0,25

.5 1.00

= (0.5) i + 0.5 + 0

=— 0.705 + 0.5 =—l.205

(11) Civ = ‘w r49

A-7U/éh3

(1.205)%V = 8.08 \/0.001146 x “L

(0.001735 (33) (0.0755

(1.205)%v 8.08 9.6 2

0.b7fi

(1.205)%v 8.08 \/8.96

(1.205)%V = 2h.2

 



V = 22.1 ft/se

V = 1320 ft/min

The exterimentally obtained value was lHMO ft/min.

‘5

xentally and.
-

r115 . ’| “A . ’.\ --~ . " V .- '1 ‘ .‘ 'K"" I‘:

t:e diiierenoe aetnoen the tJO values, eAueri.

calculated, is 50 ft/min or 3.6 tercent.
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This study was basec on the following hypothesis:

C :_ i _ ‘ I _ ._ ‘ ‘_- o .0 I m‘ "

is related to the phJSlCal ‘IOCEIL198 0i Chz particle. inese

properties include densi V, size, shape and surface eon-

The conclusions based on properties of density,

size and shape are as follows:

1. The suspension velocities and minimum trans-

port velocities are related to the L/D ratio:

i¢§J_the roouired air velocity increzse s as

L/D approaches 1. Observations inlieate that

required air velocities are minimized as L/D

“r‘no'ehes zero.

on velocities and minimum trans-H
o

2. The suspens

port velocities are related to the

maximum,pr9jectedarea ratio: i.e, The required

volume

velocity increases as the ratio decreases

and reaches a maximum as the ratio reaches

a constant value.

3. The suspension velocities and minimum trans-

port velocities are related to the maximum

projected area: i¢§4_ The required velocity

increases as the maximum projected area de-

creases and reaches a maximum at the point where

the maximum projected area reaches a constant value.

%. The suspension velocities and the minimum
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sus pension Wlocitr tests.
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cite cross section and in checking the calibreW1n of the

hot wire ane.L0Le er.
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The velocity calculations were based on a develOp-

ment of Polson and Lowther (17) in their expansion of the

work of Durley.

Durley's equation was:

1

(2gb)?(15) v

v velocity feet per second.

g "acceleration of gravity feet per second.

h total differential head feet of air.

This equation was modified to give the weight (W)

of the air discharged per square foot of orifice per minute.

<16) W é9x= 69;; x .lélg-}yj%

v L‘g'W

: 60 (St-”levilfilénjf

W = weight pounds per minute per square feet.

1 = total differential head, inches of water.

.V = specific volume, cubic feet per pound.

5.1916 = constant to convert inches of water to

pounds per square foot.

The value for V is determined from the equation of

a perfect gas.

PV = RT

v = 53,321+;

Substituting in equation 16

(18) w = 60 64.11:: 5.1336 117%

53-3If *

= 150.21 (Alf-Y

(l7)
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R =.A constant 53.3% for air.

The discharge (a) in pounds per ninute for an
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If standard CoildlolCLS Ci a;.(:.:. .L.1C-1€S 0.. ng. arm

26) w 6328 d2 (i) pounds per minute.H

H o

‘

Corrections Can be naue by nultislying coefficients
.

for the orifice and by correction factcr for conditions

After tne weight sf air flox through the orifice4
‘

per minute was deter ined, the velocity in feet ter minute
L

 

2:) v = 9. = w again...
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2'."

J.

= Velocity feet
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Area square feet.

a. r. sol. - cubic feet ger pound.

d = diameter of the rotcmeter at the point of
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TALLE 6

DA:

IAFLE CILIHDEAS

Suseension Transyort

Area Volume Velocity Velocity

in3 153 ft/uin ft/nin

Particle

Size

in.

 

 

 

 h ‘— --.-.- --.-.--—.

 

--fl ..—- ... -5- ----- ---H---.-- ~. ---

5/8 dia. x 2 4.5% 0.01 2420 2953

5/E dia. x 1% 3.55 0.H6 2460

5/8 012. x 1 2.58 0.31 2500 2750

5/8 dia. x 3/4 2.08 0.23 2500 2900

5/8 dia. x % 1.59 0.15 2500 2333

5/6 dia. x z 1.10 0.08 1725 2110

3 dia. x 2 3.53 (.39 2110 2700

3 dia. x 1% 2.74 c.30 21:0 2:10

dia. x 1 1.96 (.20 2230 2000

% dia. x 3/4 1.57 c.15 2300 2850

E 0'2. x 5/C 1.37 C.l2 2300 2010

die. x 3 1.15 c.10 2240 2750

g dia. x : c.7c 0.05 170 2600

  



 

Eartiéie

Size

H
.

L
1

w
.

H o

r
m
fi
o

t
i
.

 

.

3/8 dia. x 2 2.50

3/5 012. X 1% l.39

3/5 512. x l 1.40

3/0 die. x 3/4 1.10

3 8 dia. x CV8 0.96

3 8 dia. x % 0.;1

3/0 dia. x 2 0.52

..- ----I..- - - l o t I,- "I..--*'-O. ‘-

dusgension

Velocity

in3 ft/min

0.22 1355

0017 1950

0.11 2000

0.00 2000

0.07 2000

CoCC 2060

0.03

Volume

”—. --—.’



7‘? ’5

I-’

  

Particle dusgension

Size Area Volume Velocity

 
— ”“---.~.~- --- - —

O a O

in3 ft/uin:
3 R
)

in. i
 

—v-- “-b .- --..--m “ta“ --.r----..—.-- p --*-w1

3/0 dia. x 2 2.50 0.22 1355

3/0 013. x 1% 1.59 0.17 1950

3/0 Fia. x 1 1.40 0.11 2000

3/0 012. X 3/4 1.10 0.00 2000

3 0 dia. x 5/8 0.96 0.07 2000

3 8 die. X 0.01 0.06 2000

3/0 dia. x z 0.52 0.03 1300

 
m------ O -- --- .. ”...--.. ----.- - ”"-..-.-” 
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