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PART

　　

工

BAS工Ｃ

　　

PROBLEMS

CHAPTER

　　

1

工NTRODUCT工ON

　　　　　

Automatic

　

control

　

０ｆ

　

particulate

　

processes

　

is

　

an

important

　

subject not　only　as　ａmeans　of　promoting pro-

duction

　

safely

　

and

　

efficiently,

　

but

　

also

　

as

　

ａ means　of

protecting

　

the

　

environment

　

from dust　contamination.

However, in　the　ｅχisting　circumstances, satisfactory

control

　

０ｆ

　

particulate

　

processes

　

is

　

not

　

easy,

　

nor

　

is

it

　

common

　

practice.

　

Generally

　

ａ

　

control

　

system

　

in- ，

volves

　

detection

　

of

　

the

　

process

　

variables

　

which

　

are

considered

　

indicative

　

of

　

the

　

state

　

of

　

the

　

process ，and

manipulation

　

of

　

appropriate

　

variables,

　

by

　

some

　

final

control

　

device, to　maintain　the　process　in　the　desired

condition.

　

工ｎ

　

these

　

functions, manipulation　of　the

process

　

variab:Les

　

can

　

be made　in　response　to　ａ　signal

from

　

ａ

　

controller whose　output　varies according　to

predete：rmined

　

control

　

actions

　

and

　

settings.

　　

Such

controllers

　

are widely　used　in　the　operation　of　fluid

and

　

other

　

processes ｆ　and　in　principleｙ　should　be　ap-

plicable

　

to

　

the

　

control

　

０ｆ

　

systems

　

involving

　

particles.

The

　

control

　

theories

　

used

　

in

　

the

　

fluid-systems

　

are

　

also

applicable.

　　

Therefore,

　

the most important　areas　in

which

　

problems

　

may

　

arise

　

in

　

the

　

automatic

　

control

　

０ｆ

particu:Late

　

processes

　

are

　

the

　

primary

　

measuring

　

means

１



and

　

the

　

final

　

control

　

means;

　

namely, in　the　develop-

ment

　

and

　

operation

　

of

　

measuring

　

devices

　

for

　

the

powder

　

flow

　

rate, and　powder　feeders.　　This　chapter

ｗｉ:LI

　

review

　

progress

　

in

　

the

　

fields

　

of

　

powder

　

feeders

and measuring　devices.

１．１

　　

Final

　

Control

　

Means：

　　

Powder

　

Feeders

　　　　　

The

　

final

　

control

　

means

　

in

　

particulate

　

pro-

cesses

　

is

　

required

　

to

　

control

　

the

　

powder

　

ｆ:Low

　

rate

according

　

to

　

the

　

manipulating

　

signals.

　　

Any kind　of

powder

　

feedez： may be　used　for　this　purpose.　　However,

it

　

is

　

desirable

　

for

　

satisfactory

　

control

　

that

　

the

feeder

　

has

　

ａ

　

quick

　

response,

　

linear

　

static

　

proper-

七ies, and　reproducible　static　properties.　　To　obtain

these

　

properties, it　is　necessary　that　the　supply　of

powder

　

from the hopper　七〇　the　feeder proceeds　smooth-

１ｙ

　

in

　

”mass

　

flow” ．　But　this　is　not　achieved　easily

and

　

has

　

been

　

studied

　

as

　

ａ

　

problem

　

in

　

the

　

design

　

of

　

ａ

hopper.
７
″
１１
″
１８
’
１９）
Recently, s七udies　on　the　flow

ｐａｔ七ern

　

in

　

ａ

　

system where　ａ　hopper　and　ａ　feeder　are

combined

　

as

　

ａ

　

unit,

　

were

　

taken

　

up

　

by

　

some

　

investi-

gators.°17, 19) Ａ　particular　powder feeder may

not

　

be suitable for　every　kind　of　powder.　Therefore,

there a'reａ　greater　variety　of　feeders　１ ’
２
″
１０
″
１９）

used

　

in

　

particulate

　

systems
ｆ　than　is　general　with

fluid

　

systems.

　

Available

　

powder

　

feeders

　

will,

basically,
^control　the　discharged　ｖ０１ｕｍｅダ　ｎｏ七　七he

mass ｆ　flow　rate　of　the　powder.　As　ｆａｌ?　as　the　mass

flow

　

rate

　

of

　

powder

　

fed

　

in

　

ａ

　

major

　

process

　

is

　

con-

　　　　　　　　　　　　　　　　　　　　　　　　

２



cerned, therefore, the　flow　rate　ｍｕｓ七　be　checked　by

ａ

　

mass

　

flow

　

meter.

　

Ａ

　

belt-scale

　

ａｎｄｈｏｐｐｅｒ－ｓｃａ１Ｆ

　

２１）

have

　

this

　

mechanism.

　　

studies

　

concerning

　

feeders

　

with

weighing

　

mechanisms, have　been reported!5,
16)
工七　is

recommended,

　

at

　

presen七, to　ｉｎｓ七all　ａ　subsidiary　ｃｏｎ一

七rol

　

loop

　

using

　

ａ mass　flow meter　such　as　the　工mpact-

Line

　

mass

　

ｆ１０ｗｍｅｔｅｒ?Ｏ）

　　　　　

Auxiliary

　

control

　

of

　

the

　

final

　

feed

　

mechanism

　

is

one

　

of

　

the

　

most

　

important

　

points

　

in

　

control

　

of

　

ａ

Ｐａｒ七iculate

　

process.

　　

Ａ

　

feeder

　

without

　

ａ

　

minor

　

con-

trol

　

loop,

　

however, wil:Ｌ　be　ｐｒａｃｔｉｃａｂｌｅ８）　when　the

rate

　

of

　

the

　

change

　

of

　

the

　

environmental

　

conditions

is

　

slow.

　　

Response

　

of

　

ａ

　

main

　

process

　

under

　

conditions

of

　

changing

　

process

　

variables

　

will

　

involve

　

ａ

　

time

delay.

　　

When

　

the

　

time

　

delay

　

is

　

large, and　the　time

lags

　

of

　

the

　

final

　

control

　

device

　

and

　

the

　

primary

measuring

　

elemen七

　

are

　

the

　

same

　

or

　

higher

　

than

　

that

　

of

the

　

main

　

process.

　

ｉ七

　

will

　

be

　

difficul七

　

to

　

control

　

七he

process

　

with

　

this

　

control

　

system.

　

工ｎ

　

fact

　

七he

　

pro-

cess

　

may

　

become

　

unstable.

　

The

　

charaむteris七ics

　

of

　

the

feeder

　

ｍｕＳ七，七herefore, be　known　beforehand, also

whether

　

the

　

feeder

　

is

　

accompanied

　

by

　

ａ

　

minor

　

control

loop.

　

or

　

ｎｏ七。

　　　　　

The

　

charac七eristics

　

of

　

powder

　

feeder, as　ａ

final

　

control

　

means, have　ｎｏ七　been　investigated

adequa七ely.

　　

The

　

first

　

problem

　

in

　

the

　

applica七ion

of

　

ａ

　

feeder

　

as

　

the

　

final

　

control

　

means

　

is, therefore,

to

　

analyze

　

its

　

ｓｔａ七ic

　

and

　

dynamic

　

characteris七ics.

３



１．２

　　

Measurement

　

of

　

Powder

　

Flow

　

Rates

　　　　　

As

　

reviewed

　

by

　

Beck

　

ｅ七 ａ１?）ａｎｄ　工inoya　et　ａ:Ｌ１３）

there

　

are

　

many

　

ｍｅ七hods

　

for

　

the

　

measurement

　

of

　

powder

flow

　

rate, e・ｇ．　weighing　ｍｅ七hods.　nucleonic　ｍｅ七hod,

Coriolis

　

force

　

method, s七atic　elec七rical　capacitance

method.

　

impac七

　

force

　

ｍｅ七hod,

　

and

　

so

　

on.

　　

Among

　

七he

weighing

　

methods,七he

　

ｂｅ１七

　

scale

　

and

　

hopper

　

scale

　

are

well

　

known.

　

For

　

the

　

ｓ七udy

　

of

　

七he

　

dynamic

　

character-

ｉｓ七ics

　

of

　

七he

　

various

　

feeders

　

considered

　

in

　

七his

　

dis-

sertation, the　工mpact-Line　mass ｆ:Low meter　was　used.

This

　

ｐａｒ七icular

　

flow

　

ｍｅ七er

　

belongs

　

七〇

　

the

　

group

ｕｔｉ:Lizing

　

乍ｈｅ

　

impac七

　

force

　

ｍｅ七hod.

　

The

　

force

　

pro-

duced

　

by

　

the

　

impac七

　

between

　

ａ

　

powder

　

and

　

an

　

inclined

plate

　

is

　

in

　

propor七ion

　

七〇

　

the

　

mass

　

flow

　

rate

　

of

　

the

powder.

　　

The

　

mass

　

of

　

powder

　

adhering

　

to

　

the

　

plate

af fee七ｓ　七he　vertical　compcnen七　〇ｆ　七he　force, bu七　does

ｎｏ七

　

affec七

　

the

　

horizon七al

　

ｃｏｍｐｏｎｅｎ七．

　

Therefore,

　

zero

drif七

　

〇ｆ

　

the

　

meter

　

due

　

to

　

the

　

adhering

　

powder

　

is

eliminated

　

when

　

the

　

horizon七al

　

comp･onent

　

is

　

used. The

七ime

　

constant

　

of

　

the

　

ｓｙｓ七em

　

including

　

ａ

　

recorder

　

is

abou七

　

〇．４

　

ｓｅｃ・ｚ

　

and

　

七he

　

accuracy

　

is

　

satisfactory.

　　　　　

工七

　

is essentﾆlal　for　七he　measuremen七　〇ｆ　powder

flow

　

ｒａ七ｅ

　

七hat

　

七he

　

flow-me七er

　

does

　

ｎｏ七

　

〇ｂｓ七ｒｕｃ七

　

七he

flow

　

of

　

powder,

　

and

　

that

　

ｉ七

　

has

　

no

　

moving

　

ｐａｒ七ｓ．

The

　

obstruction

　

of

　

the

　

ｆ:Low

　

may

　

cause

　

blockage, and

the

　

moving

　

parts

　

may

　

suffer

　

damage

　

by

　

the

　

dust.

These

　

troubles

　

ｗｉ:11

　

also

　

affect

　

the

　

operation

　

of

七he

　

main

　

process.

　　

工ｆ

　

these

　

poin七ｓ

　

are

　

taken

　

ｉｎ七〇

consideration

　

in

　

ｓｅ:Ｌｅｃ七ing

　

the

　

measuring

　

instrumen七ｓ，

４



measurements

　

of

　

the

　

flow

　

ｒａ七ｅ

　

in

　

one-phase

　

powder

flow

　

may

　

be

　

carried

　

out

　

ｗｉ七ｈ

　

fairly

　

good

　

accuracy。

　　　　　

On

　

the

　

other

　

hand, measurements　of　七he　flow　rate

in

　

七wo-phase

　

flow.

　

especially

　

in

　

gas-solid

　

七wo-phase

floW/ under　the　existing　circums七ances, leave　much

to

　

be

　

desired.

　　

However,

　

demands

　

for

　

development

　

in

such

　

measurements

　

have

　

become

　

ｓ七ronger.

　　

As

　

reviewed

by

　

Boothroyd

　

ｅ七

　

ａ１?″６）there　are many　methods　which

might

　

be

　

used

　

for

　

the

　

measuremen七ｓ

　

such

　

as

　

pressure

drop

　

method, electrostatic　method, optical　method,

heat

　

ｆｌｕχ

　

method, hot-wire　anemometer　method, etc。

Not

　

one

　

of

　

them, however, can　satisfy　all　demands. A

new

　

method

　

has

　

been reported　by　Beck　et　ａ:Ｌ?）　They

determined

　

the

　

velocity

　

of

　

the

　

powder

　

flow

　

from

　

七he

transit

　

七ime

　

of

　

七he

　

naturally

　

occurring

　

ｆ:low

　

noise

ｐ弓七tern

　

ｂｅ七ween

　

capaci七ance

　

七ransducers

　

installed

　

ａ七

two

　

points

　

along

　

ａ

　

pneumatic

　

conveyor.

　

This

　

method

does

　

not

　

obstruct

　

the

　

flow.

　

The

　

chief

　

difficu:L七ｙ

　

in

the

　

application

　

of

　

this

　

method

　

is

　

七he

　

complexity

　

of

the

　

七reatment

　

of

　

the

　

data。

　　　　　

other

　

poten七ially-useful

　

ｍｅ七hods

　

for

　

measure-

ｍｅｎ七

　

without

　

obstruction

　

of

　

七he

　

flow

　

are

　

七he

ｄｅ七ection

　

of

　

the

　

pressure

　

drop

　

over

　

ａ

　

ｓ七raight-pipe-

line

　

and

　

the

　

me asurernen t　of　七he　ｎａ七urally　occurring

elec七rostatic

　

curren七。

　

工ｎ

　

ｓｙｓ七ems

　

handling

　

large

ｐａｒ七icles, the　former　is　available　with　fairly　good

accuracy,

　

but

　

it

　

has

　

not

　

proved

　

satisfactory

　

in

　

sys-

terns

　

involving

　

fine

　

ｐａｒ七icles.

　

The

　

elec七ｒｏｓ七atic

method

　

must

　

be

　

ｆｕｒ七her

　

ｅχamined/ eχperimen七ally　and

theoretically-

　　

Measuremen七ｓ

　

of

　

the

　

gas

　

flow

　

rate

　

in

５



gas-solids

　

two-phase

　

flow

　

is

　

also one　of　the　impor-

tant

　

outstanding

　

prob:Lems-

１．３

　　

Scope

　

of

　

the

　

Dissertation

　　　　　

Some

　

of

　

the

　

objectives

　

of

　

七his

　

research

　

are

as

　

follows:

　

１．

　　

To

　

clarify

　

the

　

problems

　

peculiar

　

to

　

ｐａ:rticulate

processes, namely　the　determina七ion　of　the　mean　par-

七icle

　

diameter

　

and

　

七he

　

ｓｃａ七七er

　

of

　

the

　

data

　

due

　

七〇

　

七he

partic:Le-size-distribution.

　

２．

　　

To

　

analyse

　

the

　

static

　

charac七eris七ics

　

of

　

various

feeders.

　

３．

　

To

　

analyse

　

the

　

dynamic

　

charac七eris七ics

　

of

various

　

feeders.

　

４．

　

To

　

ｅχamine

　

七he

　

methods

　

avai]Lable

　

for

　

measuring

七he

　

mass

　

flow

　

rate

　

in

　

air-solid

　

七wo-phase

　

flow.

　　　　　

Part

　

工, consisting　of　Chap七er　1, 2, and　３，

discusses

　

七he

　

basic

　

problems

　

peculiar

　

七〇

　

the

　

parti-

ｃｕ:Late

　

processes.

　　

The

　

purpose

　

of

　

Chap七er

　

ｌ

　

is

　

to

provide

　

ａ

　

framework

　

for

　

the

　

two

　

major

　

subjec七ｓ

　

ｗｉ七ｈ

which

　

七he

　

disser七ation

　

is

　

concerned, namely,七he

final

　

control

　

means

　

of

　

the

　

control

　

ｓｙｓ七ems,and

measuremen七

　

〇ｆ

　

the

　

powder

　

flow

　

rate.

　

Ａ

　

further

purpose

　

is

　

to

　

outline

　

the

　

subsequent

　

conten七ｓ

　

of

　

the

　　　　　　　　　　　　　　　　　　　　　　　　　　　

６



dissertation.

　

Chapter

　

２

　

discusses

　

the

　

mean

　

particle

diameter

　

in

　

relation

　

to

　

the

　

analysis

　

of

　

ａ

　

particulate

process ｚ　and　Chapter　3, the　scatter　of　the　ｅχperi-

mental

　

data

　

attributable

　

to

　

the

　

particle-size-dis~

tribution。

　　　　　

Part

　

工工

　

describes

　

the

　

experimen七al

　

and

　

theoreti-

cal

　

studies

　

of

　

the

　

final

　

control

　

means, namely,

powder

　

feeders.

　　

Chapter

　

４

　

presen七ｓ

　

the

　

experimental

studies

　

on

　

ａ

　

screw

　

feeder, Vibra　screw　feeder ，Flo-

tron,

　

and

　

ａ

　

belt

　

feeder.

　

Chapter

　

５

　

examines

　

the

static

　

and

　

dynamic

　

characteristics

　

of

　

ａ

　

table

　

feeder.

Chapter

　

６

　

deals

　

with

　

ａ

　

rotary

　

feeder。

　　　　　

Part

　

工工工

　

describes

　

the

　

experimental

　

and

　

七heo-

retical

　

studies

　

on

　

the

　

measurement

　

of

　

the

　

mass

　

flow

rate

　

in

　

gas-solids

　

two

　

phase

　

flow.

　

Chapter

　

フ

　

discus-

ses

　

the

　

Venturi-type

　

gas-flow

　

meter, as　ａ　basic

device

　

for

　

measuring

　

the

　

powder

　

flow

　

rate

　

in

　

two-

phase

　

flow.
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CHAPTER

　　

２

MEAN

　

PART工CLE

　

Ｄ工AMETER

　

工Ｎ

　

THE

　

ANALYS工Ｓ

OF

　

Ａ

　

PART工CULATE

　

PROCESS

２．１

　　

工ntroduction

　　　　　

What

　

has

　

been

　

said

　

previously

　

about

　

the

　

mean

　

par-

tide

　

diameter

　

is

　

not

　

definite

　

enough

　

and

　

this

　

vague-

ness

　

has

　

caused

　

much

　

trouble.

　

When

　

studying

　

the

experimental

　

data

　

obtained

　

for

　

七he

　

same

　

ｐａｒ七iculate

process, for　example,　it　is　found　that　some　ａｕ七hors

employ

　

the

　

arithmetic

　

mean

　

diameter, others, the

geometric

　

mean

　

diameter

　

or

　

the

　

mass-surface

　

mean

diameter, and　so　on.　Prac七ically, the　value　of　mean

diameter

　

varies

　

so

　

much

　

depending

　

on

　

the

　

definition

employed, that　in　some　ｅχ七rerae　cases,even　an　assumed

mean

　

diameter

　

may

　

be

　

used

　

to

　

bring

　

七he

　

ｅχperimental

data (measured　values)into good　agreemen七　with　the

estimated

　

values (theoretical　values).　工ｆ　such　is

the

　

case, one　cannot　七ell　ｗｈｅ七her　the　七heoretical

value

　

is

　

correct

　

or

　

ｎｏ七．

　　　　　

Another

　

problem may　arise　as　to　what　mean

diameter

　

to

　

employ

　

in

　

quoting

　

some

　

of

　

the

　

results

reported

　

by

　

other

　

investigators.

　　

One

　

may

　

only

apply

　

such

　

definitions

　

as

　

have

　

been

　

generally

　

used.

namely

　

the

　

arithmetic

　

mean

　

diameter, the　geometric
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mean

　

diame七er, and　so　ｏｎ。

　　　　　

Another

　

problem

　

七〇

　

be

　

solved

　

is

　

how

　

the

　

theo-

:ｒｅ七ical

　

and

　

experimental

　

results

　

for

　

mono-disperse

particulate

　

processes

　

are

　

七〇

　

be

　

applied

　

to

　

ａ

　

poly-

disperse

　

particulate

　

process。

　　　　　

Ａ

　

ＳＯ:Lution

　

七〇

　

such

　

problems

　

as

　

pointed

　

out

above

　

is

　

to

　

develop

　

ａ

　

defini七ion

　

for

　

the

　

mean

　

dia-

ｍｅ七er, which　allows　七he　value　of　the　mean　ｐａｒ七icle

diameter

　

to

　

be

　

ｅｓ七imated

　

with

　

high

　

accuracv。

　　　　　

工ｎ

　

an

　

approach

　

七〇

　

this

　

Ｃ。E. AHgpeeb　　and　his

collaborators

　

defined

　

七he

　

mean particle　diaitie七ｅ「

in

　

general form。　Ｓ。　Ｍｉｗａ２’３」has　commented　on

their

　

results。

　　　　　

工ｎ

　

this

　

chapter, the　author, from　ａ　consider-

ａ七ion

　

of

　

七hese

　

studies, defines　七he　mean　ｐａｒ七icle

diameter

　

in

　

terms

　

of

　

七he

　

linear

　

ｅｓ七imate

　

of

　

the

process

　

variable, and　shows　ｔｈａ七　ｉ七　may　be　used　to

determine

　

七he

　

mean

　

diameter

　

in

　

any

　

process。

　

Alter-

native

　

ｍｅ七hods

　

for

　

ｄｅ七ermining

　

the

　

mean

　

Ｐａｒ七icle

diameter

　

are

　

given

　

in

　

ｄｅ七ail.

２．２

　　

Definition

　

of

　

七he

　

Mean

　

Particle

　

Diameter

　　

2.2-1

　　

The

　

experimen七al

　

value

　

of

　

the

　

process

　　　　　　　　　

variable

　　　　　

To

　

describe

　

the

　

state

　

of

　

the

　

Ｐａｒ七icles

　

sampled,

two

　

parameters ／ "mean" and　”variance”of　the　dia-

meters

　

are

　

necessary,

　

even

　

if

　

other

　

conditions

　

such

as

　

tempera七ure,

　

moisture

　

or

　

七he

　

shape

　

of

　

七he

ｐａｒ七icle

　

are

　

considered

　

to

　

be

　

constan七．

　　

The

　　

fre-

　　　　　　　　　　　　　　　　　　　　　　　　

ｎ



quency

　

distribution

　

of

　

the

　

particle

　

size

　

is,

　

七here-

fore, a　function　of　diarae七er　Ｄ　,mean　ｍ　and　variance

Ｓ２；

　　　　　　　　　　　　　　　　　　　　　　　　

Ｐ

ｆ°f (D , m.

　

Ｓ２ (2.1)

Generally, the　particles　samp:Led　vary　in　each　ex-

periment,

　

the

　

experimental

　

value

　

Ｙ

　

being

　

ａ

　

function

of

　

at

　

least

　

two

　

variables ，ｍ　and　ｓ２．　　with　ｉｎ七er-

action

　

term

　

Ｙ

　

ｚ

　

Ｙ

　

will

　

be

　

expressed

　

in

　

the

　

form;

Ｙ（ｍ，ｓ２ -

- パy(D ) f(Dp,m,s
２)ｄＤｐ　十　Y(m,s ２)

　　　　　　　　　　　　　　　　　　　　

(2.2)

Here

　

ｙ（Ｄｐ）

　

represents

　

either

　

ａ

　

mono-disperse

particulate

　

process

　

variab:Le

　

or

　

ａ

　

one-partic:Le

process

　

variable.

　　

The

　

firs七

　

term

　

of

　

the

　

right

　

hand

side.

　

being

　

linear

　

estimate.

　

can

　

be

　

Ｐｕ七

　

in

　

七he

　

form;

ｙ（叫ぐ）゜パｙ（Ｄｐ f(Ｄｐ
タm,
s 2)ｄＤ

　　　

ｐ (2.3)

Of

　

course, the　term　μ゜ｄＤｐ　can　be　replaced　ｗｉ七ｈ

Σ

　　　　

when

　

ａ

　

discrete

　

ｓｙｓ七em

　

is

　

concerned.

２。２－２　　Linear　estimate　９(ｍ，ｓ２)

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－

　　　　　

Generally, the　linear　estima七ｅ　ｙ　varies　ｗｉ七ｈ

the

　

ｍｅ七hod

　

of

　

measurement

　

such

　

as

　

weighing

　

the

ｐａｒ七icles

　

or

　

ｃｏｕｎ七ing

　

七he

　

ｐａｒ七icles

　

and

　

so

　

on.

　

Just
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for

　

ａ

　

simple

　

ｅχample,七ake

　

the

　

case

　

of

　

ｓｉχ

　

spherical

Ｐａｒ七icles

　

ｗｉ七ｈ

　

the

　

same

　

specific

　

gravi七ｙ．

　　

Four

　

of

the

　

ｓｉχ

　

have

　

ａ

　

diameter

　

1, and　the　remaining　two

have

　

ａ

　

diameter

　

２．

　

Each

　

ｐａｒ七icle

　

follows

　

the

equation;

ｙ°ｙ(Ｄｐ ｅ・ｇ．

　

if

　

the

　

process
follows

　

stokes' law

　　

ｙ

　

°Ｋ

　

Ｄ２

　　　　　　　　　

ｐ

(2.4)

and has　no　interaction with　any　of　the　ｏ七hers (cf

Table

　

2.1) .

Ｐａｒ七icle

　

dia.

Process

　

variable

weight

　

ratio

１

ｙ１

１

:L

ｙ:L

1

（ｙ１ ° １５″　ｙ２ ゛ ３０）

１

ｙ１

ﾕ．

１

ｙ１

１

２

ｙ２

８

２

ｙ２

８

Then

　

the

　

ｅχperimental

　

value

　

on

　

七he

　

count basis　ｉｓ；

Ｙ(ｏ)゜古ｙ１十古ｙ２ニ

　　　　　　　　

(ｍｅ

１
一
３

　

４
　

　
　

１

　

ｙ

２
一
３

an on

ｙ２ (2.5)

count

　

basis)

Here

　

ｙｉ

　

stands

　

for

　

ｙ（ＤＰｉ）｀

　　

On

　

the

　

other

　

hand,七he

experimen七al

　

value

　

on

　

the

　

mass

　

basis

　

ｉｓ；

4+(2x8)
ｙ1 十万ﾔ8LRTｙ2 °うとｙ1＋｛ｙ2

(mean

　

on mass　basis)

　　　　　　　　　

１３

(2.6)



-

工ｆYi　＝　１５　and Yi　　＝　30, i七　is　clear　ｔｈａｔＹ（ｏ）＝２０

and

　

Ｙ（３）＝

　

２７

　

from

　

the

　

ｌａｓ七

　

two

　

Eqs.

　

(2.5) and　（２．６）

So,

　

in

　

spite

　

of

　

the

　

ｆａＣ七

　

that

　

七he

　

process

　

is

　

the

same.

　

the

　

experimental

　

values

　

ｏｂ七ained

　

by

　

the

　

dif-

feren七

　

methods

　

are

　

ｎｏ七

　

the

　

same゛）．

　　

工ｎ

　

this

　

example,

the

　

experimental

　

value

　

can

　

be

　

ｅｓ七imated

　

only

　

by

　

the

linear

　

term.

　　

So

　

from

　

this

　

ex amp:Le,　if　one　ｗａｎ七ｓ　七〇

esti皿ate

　

the

　

experimental

　

values

　

on

　

any

　

basisダ

　

it

　

is

found

　

desirable

　

to

　

express

　

the

　

linear

　

estima七ｅ

　

in

the

　

form;

９（ｐ）＝

　

Ｅｆ（Ｓ）ｙ＝

　

Ｅｆ（ｏ）ｒ）ｊｙ／Ｓ ｆ（ｏ）ぐ　　(2.7)

If

　

”６”in

　

the

　

above

　

equa七ion

　

is

　

0, the　estimate　is

on

　

the

　

count basis ，if　¨Ｐ　is　1, on　the　length　basis ,

if

　

’り”is

　

2, on　七he　area　basis ， if　”卵　is　3, on　the

ＶＯ:Lume (or　mass) basis.　As　discussed　above, these

values

　

are

　

differen七

　

from

　

each

　

ｏ七her.

　

The

　

method

usedダ

　

therefore,

　

has

　

七〇

　

be

　

ｓ七ａ七ed

　

defini七ly, and

the

　

experimental

　

values

　

have

　

七〇

　

be

　

compared

　

with

　

the

estimated

　

values

　

on

　

the

　

same

　

basis.

２．２－３

　　

Definition

　

of

　

the

　

mean

　

particle

　

diameter

　　　　

By

　

use

　

of

　

the

　

linear

　

estiraa七e,

　

the

　

mean

　

ｐａ:ｒ－

tide

　

diameter will　be　defined　by　the　equa七ion;

－

　　　

－
Ｄ

　

＝

　

ｐ
y″1（i） (2.8)

゛) Note　七ｈａ七　the　mean　particle　diameter　of　the　six

　　　

particles

　

canno七

　

be

　

determined

　

ａ七

　

this

　

point.

　　　

See

　

also

　

§

　

2.4-3.
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2.2-4

　　

Ａ method　of　applying　the　defini七ion　term　by

　　　　　　

term

　　　　

When

　

the

　

process

　

variable

　

ｙ

　

is

　

given

　

in

　

the

　

form

of

　

the

　

summation

　

of

　

several

　

terms, it　is　convenient

to

　

apply

　

definition (2.8)七〇　each　term.　Ｔｈａ七　is, if

the

　

process

　

variable

　

ｙ

　

is

　

expressed

　

by

　

the

　

equation;

　　　　　　　　　　

ｎ

　　　　

ｙ‘

　

Ｊ
ｌ
ｙ（ｊ）

　　　　　　　　　　　　　　　　　

(2.9)

Then

　

the

　

mean

　

particle

　

diame七ers

　

are

　

given

　

by

　

the

equation;

－

Ｄｐ(j)゜

　
　

３

１
。
コ

－
Ｃ

　

ｙ
‘
ｙ
ぐ

ｊ）

２．２－５　　Ａ　graphical　method

）， ｊ

　

°

　

1, 2, 3タ　●●●●　「

　　　　　　　　　　　　

(2.10)

ｎ

　　　　　

Now

　

consider

　

the

　

case

　

that

　

七he

　

process

　

variable

ｙ

　

cannot

　

be

　

expressed

　

in

　

ａ

　

simple

　

equation

　

of

　　

Ｄ

　　

ｚ

or

　

cannot

　

be

　

ｅχpressed

　

in

　

any

　

equation.

　　

工ｎ

　

such a

case.

　

if

　

the

　

process

　

variable

　

can

　

be

　

expressed

graphically

　

or

　

in

　

ａ

　

table.

　

the

　

mean

　

particle

　

dia-

meter may　be　obtained　direc七１ｙ　by　use　of　definition

（２．８）．

　

Take

　

Fig. 2.1　to　explain　this　method

generally.

　　

工ｎ

　

七he

　

figure. ｇ（Ｄｐ）ｉｓ　ａ　function　of

°p

　

, e.g. Reynolds　number, Nussel七　number, Peclet

number,

　

Sherwood

　

number,工ｎｅｒ七ia

　

pararae七er, and　so

on, and　here　it　is　called　the　characteristic　para-

meter

　

of

　

the

　

particle

　

diameter.
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＞･S

d
ｉ
ｑ
Ｃ
Ｕ
Ｂ
Ａ

s
ｓ
ａ
ｏ
ｏ
」
ｄ

　　　　

Characteristic parameter g(ﾛｐ)

Fig.2.1

　

Graph i cai method

monodisperse
、particulate process

ｍ

Fig.2. 2　　General　idea　of　ｅχperimental　data

　　　　　　　　

i n the (s-, m, Y)-space
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－

　　　　　

From Eq.　(2.7),七he　linear　estima七ｅ　ｙ　is　given

by

　

the

　

equation;

Σ
・
１

　

＝
一
ｙ f. ｙ（　ｇ（Ｄｐｉ　）） (2.11)

　　　　　　　　　　　　　　　　　

－
Having

　

calculated

　

Y>

　

the

　

characteristic

　

parameter

　

ｇ

of

　

the

　

mean

　

particle

　

diameter

　

is

　

obtained

　

as

　

shown

by

　

the

　

arrows

　

in

　

Fig 。　２。１．　Then, from　this　value,

the

　

mean

　

partic:Le

　

diameter

　

can

　

be

　

determined

　

by

　

the

following

　

equation;

－

Ｄｐ ゜

　

ｇ
－１

　

－
(ｇ)

２．３

　　

Discussion

(2.12)

2.3-1

　　

０ｎ

　

the

　

definition

　

of

　

mean

　

particle

　

diameter

　　　　　

The

　

following

　

discussion

　

shows

　

ｔｈａ七

　

definition

(2.8) is　adequate　in　scope　and　is　of　considerable

importance.

　

The

　

discussion

　

is

　

based

　

on

　

the

　

as sump-

tion

　

that

　

there

　

is

　

no

　

ｉｎ七eraction

　

between

　

Ｐａｒ七icles・

From

　

Eq.

　

(2.2), it　follows　ｔｈａ七；

Ｙ(ｍ″ｓ２)゜

　

fy(D )f(D　171″ｓ２)ｄＤｐ　゛９(゜,s2)

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

(2.13)

From

　

七his

　

equa七ion

　

ｉ七

　

is

　

found

　

ｔｈａ七

　

七he

　

experimen-

tal value　Ｙ（ｍ，Ｓ２）ｉＳ　ａ　function　of ｍ　and　ｓ２．　Hence,

the

　

experimen七al

　

value

　

Ｙ（ｍ，Ｓ２）ｍａｙ

　

be

　

expressed

　

as

　　　　　　　

一一一

　

一一一一
ａ point in the (m, s^, Y)-space (cf. Fig. 2.2).
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Fig. 2. 3

↑
Ｙ

Relation
di ameter

between
and

　

the

Dp

　

－

the

　

mean

　

parti clｅ
experi mental　data

Fig. 2.4　　Ｅχperi mental　data　represented

　　　　　　　　　　

by

　

use

　

of

　

the

　

mean

　

parti cl e　di atneter

　　　　　　　　　　

based on defi ni ti on (2.8)
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This

　

is

　

interpre七ed

　

as

　

implying

　

that

　

if

　

one

　

poin七

（ｍ，ｓ２）ｉｓ

　

given, as　by　sampling　the　particles, one

experimental

　

value

　

Ｙ（ｍ，ｓ２）ｗｉ１:Ｌ

　

be

　

given.

　　

工ｆ

　

the

mean

　

particle

　

diameter

　

is

　

given

　

in

　

accordance with

definition (2.8) , it　is　given　by　the　equation;

－

Ｄｐ ゜ｙ １（９（ｍ,ｓ２））＝ｙ ’１（Ｙ（ｍ,ｓ２）） (2.14)

So, 5　　＝　const, gives　ａ　curve in　a (m, s^)-space, and

from
ｌｈｅ　definition,

the　experimental　values　Ｙ（ｍ，ｓ２）

on

　

this

　

curve

　

are

　

cons七ant, that　ｉｓ；

Ｔ(叫ｓ2)゜y(Dp ＝

　

const. (2.15)

From

　

the

　

above

　

discussion, it may　be　concluded　ｔｈａ七

the

　

experimental

　

values

　

Ｙ（ｍ，ｓ２）ｈａｖｅ

　

ａ

　

constant

　　　　　　　　

－

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－
value ｙ（Ｄｐ）　on　this　mean　ｐａｒ七icle　diameter　Dp{cf.

Fig.

　

2.3).

　

This

　

is

　

applicable

　

when

　

七he

　

ｅχperimenta:Ｌ

values

　

are

　

ｓ七udied

　

using

　

the

　

mean

　

particle

　

diameter

（ｃｆ。Fig. 2.4)。　　０ｎ　七he　ｏ七her　hand, any　mean　ｐａｒ七icle

diameter

　

七hat

　

is

　

defined

　

ｏ七her

　

than

　

by

　

Eq. (2.8) has

no

　

such

　

charac七eristic

　

proper七ｙ

　

as

　

mentioned

　

above.

Such

　

mean

　

diameters

　

ｗｉ:11

　

be

　

discussed

　

briefly

　

here・

Generally

　

any

　

one

　

of

　

these

　

mean

　

particle

　

diame七ers

may

　

be formula七ed　with　ａ　certain　func七ion　ヤ（ｍ，ｓ２）ａｓ

follows;

ら゜5p/バ゜″ｓ２）゜ｙ‾１（Ｔ（゜’ｓ２））／い叫ｓ２）
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Therefore,

Ｙ（ｍ’ｓ２）゜ｙ（

　

ヤ（ｍ″ｓ２）゜Ｂｐ

-

(2.17)

The

　

above

　

equation means　七ｈａ七　■'p　　°const, cannot

give

　

ａ

　

constant

　

experimen七al

　

ｖａ:Lue.

　　

工ｎ

　

other words ,

the

　

experimental

　

values

　

on

　

the

　

curve

　

Ｄ

　

＝

　

cons七. vary

with

　

ｅａｃｈ（ｍ，ｓ２）．

　　

Fig.

　

２．３

　

shows

　

the

　

Ｕ
ｅｎｅｒａｌ

　

idea.

Note

　

that

　

if

　

ａ wrong　mean　particle　diame七er　is　used,

七he

　

values

　

obtained, even　from　the　most　careful　ex-

perimen七s,

　

will

　

turn

　

ｏｕ七

　

to

　

ｓｃａ七七er

　

as

　

shown

　

in

　

Ｆｉｇ・

２．５ Withou七

　

any

　

data

　

as

　

to (m,s^), scarcely　any

satisfactory

　

results

　

may

　

be

　

obtained

　

from

　

the

　

ex-

periments. The　following　example　will　help　七〇　make

the

　

above

　

discussion

　

clear.

　

Ａ

　

random

　

sampling

　

is

carried

　

out

　

from

　

log-normal

　

ｄｉｓ七ributed

　

particles

(cf.§2.3-3) .　Then　an　experimen七　is　made　on　the

process

　

to

　

conform

　

七〇

　

the

　

equa七土ｏｎ；

ｙ

　

°KD^

　　　　　　

ｐ
(2.18)

The

　

mean

　

particle

　

diameter

　

to

　

conform

　

to

　

definition

(2.8) is;

－

Ｄｐ ゜ｙ

　　　　

-一一一一一一--一一一一一一一一
‾1（9）゜ぐて（゛）Ｋぺ

）
ジｏ）（:ＬＩＩＤｐ， ｍ″ｓ２）ｄ:LnD /K

＝

　

exp (m十ｓ２） (2.19)

　　　　　　　　　　　　　　　　　　　　　　　　　　　

－
（ｆｏｒ（⊇１

　

shown

　

in

　

Fig. 2.8,　Ｄｐ　° 57.4　microns

The

　

ｅχperimental

　

value

　

Ｙ（ｍ，ｓ２）ｉｓ

　

expressed

　

ａｓ；

２０



↑
Ｙ

S2

Dp

　

→

D; = e=

onodisperse
particulate

　　　

process

ｍ

唱鴬昌7e

　

process

ｍ

２１

Fig.2. 5

Experimental

　

data re-
presented

　

by

　

use

　

of
other

　

mean

　

particle
diameters　than　the
correct one based on
the

　

proposed

　

definition

Fig. 2. 6

The

　

mean

　

particle

　

di a-
meter

　

－

　

surface

　

mean
di ameter　－　based　on　the
definition

　

and

　

the

　

ex-
peri mental data i n the
(s2，ｍ， Y/K)-space

Fig. 2. 7

The

　

l ength　mean　parti cl e
di ameter　and　the　experi -
mental

　

data

　

in

　

the
(s2，ｍ,Y/K)－spacｅ



Ｙ（・１’ｓ２）゛Ｋ　こＤ;チｏ）（血Ｄｐ’゛’ｓ ２）’ｄ］ＪＩＤＰ°Ｋ５；

　　　　　　　　　　　　　　　　　　　　　　　　　　

(2.20)

　

(for (⊇1, Y/K =　3295 microns ^　）

工ｆ

　

５．．゜cons七・, the　experimental　values　Ｙ（ｍ，ｓ２）

have a　constan七　value　KD ^, independen七１ｙ　of　the　value

(in,s^) , and　are　ＣｏｒｒｅＣｔ１Ｕ　represented　by　Eq. (2.18).

Such

　

ａ

　

process

　

as

　

discussed

　

above

　

is

　

shown

　

in

　

Ｆｉｇ・

2.6.

　　

０ｎ

　

the

　

other

　

hand, if　some　other　mean　ｐａｒ七ｉＣ:Le

diameter, for　ｅχample, the　leng七ｈ　mean　diameter;

－ｌ

°p

　　　　　　

（Ｏ）
゜ごＤｐｆ

　

（１゛ＤＰ

(for

　

Ｑ１″ＤＰ

／ｍダＳ
２)ｄｌｎＤ

　　　　　　

ｐ

＝

　

５４

　

microns)

is

　

used, the　relation　between　Ｄ　　and

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

ｐ

follows;

べ
，＝

　

ｅχｐ（ｍ十ｓ２）ｅｘｐ（－ｓ２／２）＝

＝ｅｘｐ(ｍ十ｓ2/2)

　　　　

(2.21)

－
Ｄ

　　

is

　

as

　

ｐ

Dp/exp(sV2)

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

(2.22)

４Ｊ（ｍ，ｓ２）ｕｓｅｄ

　

in

　

the

　

general

　

discussion

　

is

　

ｅχｐ（ｓ２／２）．

From Eq.　(2.17) or　Eqs.　(2.20) and (入22), the

ｆｏ１:Lowing

　

equa七ion

　

is

　

obtained.

Ｔ（・１’ｓ２）゜ｙ（ψ師’ｓ２）ｉ５ｐ

＝Ｋ･ｅｘＰ(ｓ2)5j
)
2

２２

-

-

Ｋ｛ヤ（゛’ｓ2）5ｐ 卜



Ｏｒダ

Ｙ(ｍ,ｓ２)／Ｋ＝ら2 eｘｐ(ｓ2) (2.23)

This

　

is

　

shown

　

in

　

Fig. 2.7.　As　shown　in　Fig. 2.8, the

results

　

represented

　

by

　

５ﾑ

　

vary with　the　variance ｓ２．

Therefore, even　if　the　length-mean　particle　diameter

Ｄｐ

　

is

　

constant.

　

the

　

experimental

　

values

　

will

　

ｓｃａ七ter

七hrough

　

the

　

variance

　

of

　

powders.

　　

工ｎ

　

general,七his

scatter

　

has

　

ａ

　

bias。

　

工ｎ

　

七his

　

ｅχａｍｐ:Le,the　ｅχperimen-

tal

　

values

　

are

　

always

　

larger

　

than

　

Ｋ°Ｄこ

　　

when

　

Ｄ｡.is

used.

　　

工ｎ

　

Fig.

　

2.8, corresponding　experimental　values

for

　

the

　

kinds

　

of

　

powder

　

often

　

used

　

in

　

experiments

are

　

indicated

　

by

　

the

　

designated

　

symbols.

　

These

powders

　

have

　

fairly

　

small

　

variances.

　

However,七he

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－
results

　

ｓｈｏご

ｌ

ａｂｏｕｔ

　

１０

　

１

　

error.

　

When

　

°p5
0　is

used

ｉｎｓ七ead

　

of ＤＰ　, the　resu:Its　become　worse, and　七he

errors

　

are

　

２０

　

宅

　

or more.

　　　　　

工七

　

is

　

most

　

importan七

　

in

　

ｄｅ七ermining

　

the

　

mean

ｐａｒ七icle

　

diameters

　

term

　

by

　

term (cf.　§2.2-4) that

the

　

experimental

　

value

　

is

　

compared

　

with

　

another

　

only

at

　

the

　

point where　all　the　mean　ｐａｒ七icle　diameters Ｄｐ（ｊ）

coincide

　

with

　

one

　

ａｎｏ七her.

　

When

　

七he

　

process

　

variab:Le

is

　

expressed

　

in

　

more

　

than

　

two

　

七erms, therefore, i七　is

ｂｅ七ter

　

to

　

deal

　

with

　

七he

　

data

　

using

　

ｂｏ七ｈ

　

the

　

mean

　

and

the

　

variance.

　

Note

　

ｔｈａ七

　

even

　

in

　

such

　

ａ

　

case, when

the

　

graphical

　

method

　

is

　

introduced (cf　§2.2-5), it　is

adequate

　

七〇

　

study

　

the

　

ｄａ七ａ

　

ｗｉ七ｈ

　

the

　

mean

　

particle

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－
diameter

　

or

　

with

　

ｉ七ｓ

　

characteristic

　

parameter

　

g(D ).

　　　　　

From

　

the

　

above

　

discussion

　

it

　

is

　

ｃ:Lear

　

七ｈａ七

　

七〇

２３
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Fig.2.8

　　

Eχperi mental　data　represented　by　use　of

　　　　　　　　

other

　

mean

　

parti cl e　diameters　than　the

　　　　　　　　

correct

　

one

　

－

　

e.g. ;　the　length　mean

　　　　　　　　

di ameter

２４



use

　

ａ

　

properly

　

defined

　

mean

　

ｐａｒ七icle

　

diameter

　

is

　

very

important,

　

not

　

only

　

to

　

study

　

the

　

various

　

experimental

values

　

systematically

　

but

　

to

　

attain

　

satisfactory

results

　

with

　

little

　

ｓｃａ七七ering

　

in

　

七he

　

data.

2.3-2

　　

Coimnents

　

on

　

the

　

use

　

of

　

mean

　

ｐａｒ七icle

　

diameter

　　　　　

The

　

mean

　

diameter

　

being

　

defined

　

by

　

the

　

linear

estimate, the　process　variable　estimated　using　the

mean

　

diameter

　

is

　

ａ

　

linear

　

part

　

of

　

the

　

variable.

　

The

non-linear

　

part

　

of

　

it, therefore, has　七〇　be　discussed

separately

　

from

　

the

　

linear

　

part。

　　　　　

Especially

　

in

　

the

　

case

　

where

　

the

　

process

variable

　

depends

　

both

　

on

　

the

　

feed

　

and

　

on

　

七he

　

produc七

particles, careful　consideration　ｍｕｓ七　be　taken　on

the

　

linear

　

estimate.

　

when

　

the

　

mean

　

diameters

　

defined

term

　

by

　

term

　

are

　

used, the　linear　estimate　is　given

by

　

the

　

equation;

　

．
コ

Σ
Ｆ

　

ｉ

　

＝
一
ｙ ｆ（Ｆ）ｉ ｆ

(p)j y(Ｄｐ(Ｆ)i，ＤＰ(ｐ)う
）

(2.24)

where

　

the

　

suffixes

　

Ｆ

　

and

　

Ｐ

　

refer

　

to

　

七he

　

feed

　

and

　

七he

product, respectively.　　Therefore,七he　effects　of

the

　

overlapping

　

of

　

the

　

two

　

frequency

　

distributions

are

　

left

　

out

　

of

　

consideration

　

here.

　

工ｎ

　

the

　

case

where

　

each

　

particle

　

of

　

the

　

produc七

　

cannot

　

be

　

larger

than

　

it was　before　passing　through　七he　process,

２５



　

Σ二

Ｄｐ(Ｆ)くＤｐ(Ｐ)

ｆ

(Ｆ) f(Ｐ)ｙ(Ｄｐ(Ｆ)'Ｄｐ(Ｐ))

-

must

　

be

　

subtracted

　

from

　

the

　

estima七ｅ．

　

Then

　

Ｙ

　

is

given

　

by

　

七he

　

equation;

Ｙ°９‾．

　

こｆ（Ｆ）゛ｆ（Ｐ）゛ｙ（ＤＰ（Ｆ）″Ｄｐ（Ｐ））十Ｙ

　　　　　

Ｄ/　t-1　＼＜Ｄ_、..、P(Ｆ) p(Ｐ)
(2.25)

Conversely, when　the　七erm　”larger　than”is　replaced

with ”ｓｍａ:Llerthan” the　suinma七ion　should　be　carried

out

　

on Ｄｐ（Ｆ）〉

　

Ｄ

P(Ｐ)

２．３－３

　

Log-normal

　

particle

　

size

　

distribution

　　　　

工七

　

is

　

convenient

　

七〇

　

make

　

use

　

of

　

七he

　

:Log-normal

ｐａｒ七icle

　

size

　

ｄｉｓ七ribution;

where,

Ｆ゛

　

バ
～CX）

exp

で

　

１

一一

　

２

lnD

　

ｆ(:LnD

　　　

ｐ

　　　　

ｐ
,V-,o 2 ）ｄ:ＬｎＤ

ｐ

２６

(1ｎ

び２

゜

　

１ｎＤｐ（501）

○

(2.26)

(2.27)



．２＝こ

(y

　　

＝

(lnD

　　　　

ｐ

- Ｕ）２

　

f (lnD

　　　　　　　　

ｐ

1ｎＤｐ(84.1副
-

lnD

，p，Cy2 )dlnD

　　　　　

ｐ

p(50%)

(2.28)

(2.29)

Then,

　

the

　

relation

　

ｂｅ七ween

　

９（ｏ）ａｎｄ９（゛１）ｉｓ　as

follows;

Ｉａく

　

一
ｙ (y,c内＝ごｙ(Ｄ

P）Ｄ;f（o）（１ｎＤｐ″Ｕ″び2）dlllDp/

こウ（
ｏ）

・㎜
－－

-

-

ごｙ(ＤＰ ）ｆ

(lnD

　　　

ｐ

（ｏ）

，ｎ，(ｙ２

(lnD

　　　

ｐ

－
ｙ
（ｏ）
（Ｕ十ａび２，（ｙ２）

)dlnD

　　　　　

ｐ

ぶ十゛１(ｙ‰(ｙ２)ｄｌｎＤｐ

(2.30)

That

　

is, if　the　estimate　is　made　on　the　count　basis,

the

　

estimate

　

on

　

some

　

other

　

basis

　

can

　

be

　

calculated

with

　

this

　

equation.

　

工ｎ

　

more

　

general

　

form, Eq。(2.30)

reads

９（゜'(y.び2）＝y（ｂ）（L1十（ａ-ｂ）び2，（y2） (2.31)

工ｆ

　

the

　

ｅＳ七imate

　

is

　

made

　

on

　

any

　

one

　

of

　

七he

　

bases

therefore, the　estima七ｅ　on　ａｎｏ七her　basis　can　be

calculated

　

with

　

this

　

equation.

　

Figures,七〇〇, may

be

　

of

　

use

　

in

　

the

　

transforma七ion (cf.　Fig. 2.9).

Ｌｅ七

　

us

　

take

　

the

　

process

　

of

　

terminal

　

veloci七ｙ

　

for

example.

　

工ｆ

　

the

　

fact

　

七hat

　

the

　

particles

　

are

　

of

２７



ｙ

ﾉμ

　

－

Fig.2.9

　　

The

　

linear

　

estimate

　

of

　

the

　　　　　　　　

process

　

variable

　

i n　case

　　　　　　　　

of

　

the

　

1og-normal　size

　　　　　　　　

distribution

２８



D (50%)゜　5 (u), Dp(84.1%)　＝　8 (u), and　pp　°３

（ｇ／ｃｍ３）ｉｓ

　

known, one　may　obtain　い＝　inD

１．６:L, and a　＝　lnD -

p(50%)
-

-

P(84.1%) １ｎＤｐ(５０幻

　

゜

　

0.47.

　

Now,

the

　

stokes ゛law ，゛七゜　｛g（pp‾pa）/:Ｌ８‰｝Ｄ;is　applica-

ｂｌｅ。

　

This

　

equation

　

corresponds

　

to

　

the

　

process

variable

　

ｙ．

　　

Then

　

on

　

the

　

count

　

basis,

　

one

　

may

　

have;

－
Ｖ

L.パＤ燧（o）ｄｌｎＤ七

　　　　　

:L8u

　　　　

‘゛ｐ

　　　　　　　

ｐ

ご

旦上にこ！とexp
(2y+2び2）

18μ
ａ

(2.32)

On

　

the

　

other

　

hand, applying　Ｅｑ。(2.31)七〇(2.32),
ぐ）（ｏｎ

　

the mass　basis) will　be

号３）＝∃に£二2旦とｅｘｐ｛2（Ｄ＋3（J2）十

　

２丿｝

　　　　　

１８μａ

(2.33)

From

　

μａ

　

°

　

0.00018（ｇ／ｃｍ

　

sec) and　ｐａニ　Ｏ°００:L2（ｇ/c113）’

こＯ）

七
and ｖ

ｔ will

　

be

　

Ｏ。35 (cm/sec) and　1.33 (cm/sec)

respectively.

　　

The

　

difference

　

between

　

these

　

two

values

　

is

　

due

　

七〇

　

七he

　

ｆａｃ七

　

that

　

they

　

are

　

ｎｏ七

　

〇ｎ

　

the

same

　

basis.

　

For

　

comparison

　

, the　calculated　mean

particle

　

diameters

　

are

　

６。24 (y)　on　the　count　basis,

and 12.1 (U) on the mass basis.　工ｆな）

are

　

calculated

　

using

　

these

　

values ，it　is

and

　

ｉy）

found

　

that

they

　

coincide

　

with

　

the

　

above

　

mentioned

　

values

　

０。３５

and

　

1.33

　

respectively・

２９



２．４　　Exapmles

一 一

Then

　

Eq.

　

(2.10) reads

　　　　

i5p（j）゜（KjΣifi’Djt/町戸j°（ΣfDy）辿七

ｊ

　

＝

　

1, 2, 3, ●●●●●●●●●●●

ｎ

２。４－２

　

ｎｴ゜１十D /d-l/(l十D /d) (cf‘　§2.2-4)

and

From

－

ｙ(2

Ｅｑ･

-

-
- Σ{ｆ i/（1十Ｄｐｉ/ｄ）｝

(2.10), we　have

－
Ｄｐ（１）゜ｄΣf. D ./d ° ΣｆＤｐ’

　　　　　　　　　　　　　　

３０

２‘4-1 y°玩KjDji（cf°§2‘2-4)

One °゛1ｙhave ｙ（j）゜K.　D'^Jby　inspection.　therefore

　　

ｙ（j）゜（ｙ（j）/町）14（゛1d 9（j）゜町こi fiリi

(2.34)

As

　

the

　

firs七

　

term is　ａ　constant, i七　is　ｏｍｉ七七ed　for

Ｉ‘１ｏ゛゛' thei‘１　ｙ(１)ニ　Dp/d　and ｙ(２)゜‾１／(１　十　Ｄｐ／ｄ卜

therefore

ぺ１)゜ｄ'ｙ川庁(:L)゜

　

lfil)pi/ｄ'町;)゜-d(lぞL/ｙ(2))



－
Ｄｐ（2）゛

　　

ｆ，

Σ－

　　

1

　

1.ﾄΞ趾

　　　　

ｄ

Σ
ｆ
-

ｄ十Ｄ

　

ｐ

- ｄ (2.35)

　　　　　　

－
Here″Ｄｐ（１）゜

　

ΣｆＤｐ

　

is 七he　ﾕLength　mean　diameter, but

P(2)
has

　

never

　

been

　

taken

　

into

　

consideration

　

before.

２。４’３

　　

Example

　

of

　

six

　

particles

　

（ｃｆ

　

§２．２－５）

　　　　　

工ｎ

　

this

　

section

　

the

　

graphical

　

method (cf.§

2.2-5) will　be　explained　in　ａ　less　abstract　way.

Here

　

the

　

six

　

particles (cf.§2.2-1) will　be　deal七

with

　

again°

　

Now

　

put vp /y　°　１０′and　D ,　° １　and

°P2

　

° ２ｆ　and　one　may　have Ｒｅ１　°　１０and　^e2　°　２０‘

On

　

the

　

assiomption

　

ｔｈａ七

　

the

　

process

　

variable

　

ｙ

　

is

obtained

　

as

　

in Fig°２’１０’ｉｉｅ（ｏ）゜ｎ　and　e ３
）゜１５

are

　

found

　

from

　

the

　

figure.

　　

They

　

were

　

represented

　　　

－
as

　

ｇ

　

in §2.2-5.　工七　is　found　ｔｈａ七 Ｒｅ　°　Ｄｐ　ｖｐａ／μａ″

　　　　　　　　　　　　

－

　　　　　　

－

　　　　　　　　　　

・
and then ｇ ’１（ｇ）＝　１．１　Ｒ/vp　。　　エｔ　follows　that

なｏ）゜１１％／刄）ａ°ご:L7゛11ぢ３）゜１５μａ／町）ａ°1.5.

These

　

results

　

are

　

interpreted

　

to

　

mean

　

that

　

the

estimates

　

of

　

this

　

process

　

are

　

２０

　

on

　

the

　

count

　

basis

and

　

２７

　

on

　

the

　

mass

　

basis, and　the　mean　diame七ers　of

the

　

particles (siχ　particles) are　１．１　on　七he　coun七

basis

　

and

　

１．５

　

on

　

the

　

mass

　

basis.

　

Ｅχperimental

values

　

for

　

this

　

process

　

may

　

be

　

plotted

　

at

　

the

　

point

of

　

mean

　

diameter

　

１．１

　

on

　

the

　

count

　

basis

　

and

　

１．５

　

on

the

　

mass

　

basis ， and　they may　be　compared　with　the

　　　　　　　　　　　　　　　　　　　　　　　

３１
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estimates

　

on

　

their

　

respective

　

bases.

　

A comparison

such

　

as

　

described

　

above

　

is

　

the

　

most

　

systematic

　

and

proper way　to　deal　with　experimental　and　estimated

values。

2.4-4

　　

Application

　

to

　

other

　

physical

　

processes

　　　　　

The

　

procedure

　

discussed

　

in

　

this

　

chapter

　

may

be

　

extended

　

to

　

other

　

physical

　

processes.

　

The

　

con-

elusions

　

reached

　

when

　

this

　

is

　

done

　

are

　

listed

　

in

Table

　

2.2, should　have　wide　application.　　They were

obtained

　

through

　

the

　

method

　

described

　

in

　

§2.2-3

　

and

§2.2-4.

　

To

　

use

　

these

　

mean

　

diame七ers

　

effectively, it

must be　kept　in mind　that　they may　be　used　to　ex-

press

　

the

　

quantities

　

in

　

the

　

ｌｅｆ七

　

hand

　

side

　

of

　

the

equations

　

in

　

column

　

2, but　not　to　ｅχpress　other

quantities

　

such

　

as

　

the

　

square

　

of

　

them, a　function　of

them, and　so　on.

２．５

　　

Conclusion

　　　　　

The

　

mean

　

ｐａｒ七icle

　

diame七er

　

is

　

defined

　

as

y "^ (y)
/
where　ｙ ‘１　is an　inverse　function　of　the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－
mono-disperse

　

particulate

　

process

　

variable

　

and

　

ｙ

ａ

　

linear

　

estimate

　

of

　

the

　

poly-disperse

　

particulate

process

　

variable.

　

When

　

the

　

mean

　

particle

　

diameters

determined

　

using

　

the

　

defini七ion

　

have

　

the

　

same

values
ｆ　the　linear　parts　of　the　process　variable

also

　

have

　

the

　

same

　

values

　

even

　

if

　

the

　

parameters
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－

　

ｅ・ｇ．

　

mean

　

and

　

variance

　

－

　　

are

　

ｎｏ七

　

七he

　

same.

　

］:ｆ

　

七he

experimental

　

data

　

are

　

studied

　

by

　

use

　

of

　

this

　

mean

particle

　

diameter,-

　

therefore,

　

no

　

scattering

　

in

　

the

data due　to　the wrong　use　of　the mean　particle　dia-

meter

　

is

　

observed.

　

０ｎ

　

the

　

other

　

hand, use　of　other

mean

　

particle

　

diameter

　

will

　

lead

　

to

　

unsa七isfactory

results

　

with

　

scattering

　

in

　

the

　

data.

　

Thus, the

various

　

experimental

　

data

　

may

　

be

　

systematically

studied

　

only

　

by

　

use

　

of

　

the

　

proposed

　

def ini七ion.

Futhermore ， when　the　size　distribution　is　log-normal

in

　

form, it　is　found　that　the　linear　estimate　on　the

”ａ”basis

　

with

　

the mean　μ　is　七he　same　as　on　the　”ｂ”

basis

　

with

　

the mean　μ　十（ａ　－　ｂ）ｏＳ　whereびHs　the

variance.

　

As

　

is

　

clear

　

from

　

this

　

fact, the　determi-

nation

　

of

　

the

　

mean

　

partic:Le

　

diame七er

　

is

　

much

　

simpli-

fied.

Nomenclature

　

ｐ
Ｄ

　

ｆ

ｇ (Ｄｐ

ｍ

　

ｓ

　

Ｙ

　

ｙ
I
　
＞
1

Ｃ
Ｑ

particle

　

diameter

Ｐａｒ七icle

　

size

　

distribu七ion

characteris七ic

　

parameter

　

of

　

the

particle

　

diameter

sample

　

mean

　

particle

　

diame七er

sample

　

standard

　

deviation

experimen七al

　

value

process

　

variab:le

linear

　

ｅｓ七ｉｍａ七ion

basis

　

number (3　＝　Ｏ　for　七he　count
basis, and ６ ＝３ for the mass basis)

　　　　　　　　　　　　

３７



Ｙ（ｍ,ｓ２）

μ

μａ

Pa

び

　

ヤ

interaction

　

七erm, Eq.　（２．２）

popula七ion

　

mean

　

particle

　

diame七ｅ「

viscosity

　

of

　

air

densi七ｙ

　

of

　

air

popula七ion

　

ｓ七andard

　

deviation

ｃｅｒ七ain

　

func七ion

　

of ｍ　and　s^ , Eq.　(2.16)
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CHAPTER

　　

３

・

　　

SCATTER

　　

OF

　　

EXPERIMENTAL

　　

DATA

DUE

　

TO

　

PART工CLE

　　

Ｓ工ZE

　　

Ｄ工ＳＴＲ工ＢＵＴ工ON

３．１

　　

工ntroduc七ion

　　　　　

One

　

of

　

the

　

most

　

important

　

subjects

　

in

　

the

　

study

of

　

particulate

　

process

　

is

　

why

　

the

　

experimental

　

data

obtaineどｙ

　

for

　

the

　

process

　

scatter

　

more

　

widely

　

than

　

in

other

　

processes.

　　

With

　

regard

　

七〇

　

this

　

ｍａ七七er,it　has

been

　

said

　

ｔｈ辱七

　

the

　

ｓｃａ七七er

　

may

　

arise

　

from

　

agglom-

eration, adhesion, and　some　other　causes。　But　there

has

　

never

　

been

　

any

　

explana七ion

　

ｔｈａ七

　

ｓａ七isfactorily

accounts

　

for

　

the

　

cause.

　　　　　

工七

　

is

　

sure

　

七ｈａ七

　

such

　

complicated

　

phenomena

　

as

agglomeration, adhesion, and　others　may　be　some　of

the

　

causes

　

of

　

the

　

scat七er.

　

More

　

fundamen七ａ:Lly, how-

ever, the　ｓｃａ七七ermight　be　ａ七七ributed　七〇　七he　size

distribution

　

of

　

the

　

ｐａｒ七icles。

　　　　　

Another

　

cause

　

of

　

the

　

ｓｃａ七七er

　

is

　

that

　

七he

　

mean

ｐａｒ七icle

　

diameter

　

is

　

often

　

determined

　

r5.ther

　

care-

lessly.

　　

The

　

results

　

scatter.

　

if

　

studied

　

by

　

use

　

of

an

　

incorrect

　

mean

　

particle

　

diameter.

　　

This

　

is

　

ｎｏ七

scatter

　

in

　

the

　

ordinary

　

sense.

　　

No

　

curve

　

ｆｉｔ七ed

　

七〇

these

　

data

　

by

　

various

　

curve-fi七七ing ｍｅ七hods　ｒｅ‾

presents

　

七he

　

proper七ies

　

of

　

the

　

process・

　　　　　

工ｎ

　

this

　

study

　

the

　

undesirable

　

Ｓｃａ七七er

　

due

　

七〇

wrong

　

use

　

of

　

the

　

mean

　

ｐａｒ七icle

　

diame七er

　

is

　

eliminated

　　　　　　　　　　　　　　　　　　　　　　　　

３９



by

　

use

　

of

　

七he

　

correct mean　particle　diameter.

Another

　

sort

　

of

　

scat七er

　

due

　

七〇

　

the

　

size

　

ｄｉｓ七ribu七ion

is

　

theoretically

　

discussed.

　

The

　

scatter

　

caused

　

by

the

　

size

　

distribution

　

will

　

be

　

found

　

ｎｅｇ:Ligibly

　

small

1f

　

the

　

size

　

distribu七ion

　

of

　

sample

　

particles

　

is

ｏｂ七ained

　

for

　

each

　

ｅχperimen七．

　

Usually, however,

only

　

the

　

size

　

distribution

　

of

　

popula七ion

　

particles

is

　

ｏｂ七ained.

　

Consequently, the　theore七ical　value

of

　

ａ

　

process

　

variable

　

can

　

be

　

ｅｓ七ｉｍａ七ed

　

by

　

use

　

of

七he

　

population

　

parame七ers (the　mean　and　the　variance,

for

　

examp:Le).

　

工七

　

is

　

expected, therefore,七hat　the

ｄａ七ａwill　ｓｃａ七七er　around　the　ｅｓ七ｉｍａ七ｅ（七he　theore-

tical

　

value) .　　Practical:Ly, as　ｗｉ:11　be　discussed　in

this

　

chap七ｅｒ，七here

　

is

　

some

　

bias.

　

工七will

　

be

negligib:Le, however, if　the　sample　size　is　fairly

large

　

in

　

ninnber.

　　　　　

One

　

of

　

the

　

most

　

interes七ing

　

problems

　

here

　

is

how

　

many

　

particles

　

should

　

be

　

sampled

　

七〇

　

ａ七七ain

satisfactory

　

resu:L七ｓ．

　　

Generallyダ

　

七he

　

approach

　

七〇

the

　

problem

　

is

　

very

　

difficult.

　

The

　

ｆｏ:Ilowing

　

dis-

cussion

　

is, therefore, based　upon　the　assumptions

that

　

the

　

particle

　

size

　

distribu七ion

　

is

　

log

　

normal
／

and

　

that

　

the

　

ｉｎ七eraction

　

ｂｅ七ween

　

particles

　

is

ｎｅｇ:Ligible.

　　

Then

　

the

　

experimental

　

value

　

Ｙ（ｍ，ｓ２）ｏｆ

process

　

variable

　

is

　

given

　

ｂｙ;

　　　

Ｔ（ｍ，Ｓ２）＝９（ｍ，Ｓ２）

　　　　

－
where

　

ｙ

　

is

　

ａ

　

：Linear

　

estimate.

４０

(3.1)



３．２

　　

Distribu七ion

　

of

　

the

　

Sample

　

Mean

　

Ｐａｒ七icle

　　　　

Diameter

　　　　

Ａ

　

simple

　

ｂｕ七ｍｏｓ七

　

important

　

process

　

may

　

be

ｗｒｉ七ten

　

in

　

the

　

form;

ｙ

　

°

　

ＫＤ(ｚ

　　　　　　

ｐ
(3.2)

where

　

Ｋ，（Ｘ　：　const.　が　０

This

　

chap七er

　

deals

　

only

　

with

　

the

　

process

　

represented

by

　

the

　

above

　

equa七ion.

　

工ｆ

　

the

　

ｄｉｓ七ribution

　

of

　

sample

mean

　

partic:Le

　

diameter

　

is

　

obtained, the　distribution

of

　

ｅχperimental

　

data

　

is

　

known

　

from

　

the

　

relation;

T＝Ki5(゛

　　　　

ｐ (3.3)

For

　

this

　

process ，the　popula七ion　mean　particle　dia-

meter

　

on

　

6-basis (for　the　count　basis, 3　＝　Ｏ　and　for

七he mass　basis, 6　＝　3)is　given　by　the equa七ion　）；

ら
一

一

一

一

ｙ ’1（9）

1

　

K/D^

　

D;

　

f (lnD　(0)び2）ｄｌｎＤｐ
－

聯

＝

　

exp. (y
０

f (lnD

　　　　

Ｐ
，ｎ

（ｏ）

バy ２）ｄｌｎＤ

　　　　　　

ｐ

　

ｌ

｝

）十ccy2）＝ｅｘｐ.（L1（○十分２）

/(x

(3.4)

where

　

ｃ＝

　

５

　

十

　

〇%/2, and　μ（ｏ）十　昌び２＝　ｎ（㈲　　　　　　　　(3.5)

And

　

Ｕ（ｏ）ｉｓ

　

the

　

logarithmic

　

mean

　

diameter

　

for

　

the

number

　

distribution

　

of

　

the

　

population

　

and

　

び２

　

is

　

its

　　　　　　　　　　　　　　　　　　　　　　　　

４１



variance;

ｐ（゜）゜ご111Dp’ f (lnDp,

(Ｊ

　　

°

　

１ｎＤｐ８４ - lnD

　　　

ｐ５０

ｎ

（ｏ）

（ｙ２）ｄｌｎＤｐ ° inD
５０

　　　　　

On

　

the

　

other

　

hand, the　mean　ｐａｒ七icle　diameter　of

the

　

random

　

sample

　

of

　

size

　

ｎ

　

is

　

shown

　

ｂｙ；

－

Ｄｐ ＝

　

ｅｘｐ（ｍ十

　

ｃｓ２）

where

　

m = ―一左!:!旦ｐ一一　　and
ｎ ｆ

φ（ｍ，ｓ２）＝

　

ら

　　　　　　　　

aV2 7T

　　　　　　　　　　　

1
-

Ｓ２ ＝Ｌﾆｺ丑旦ｐ

(コ!ｓ2－リ)リ

(Ｊ２

　　　　　　　

ｊ

ｍ）２

(3.6)

(3.7)

(3.8)

１

　　　　

工七

　

may be　assumed　that　the　sample　size　ｎ　is

sufficien七１ｙ

　

large.

　　

Then, by　ｓ七ａ七ｉＳ七ical　七heory ,

χ２≡（ｎ／（Ｊ２）ｓ２ｆｏ１１０ｗｓ

　

ａ

　

normal

　

distribu七ion with　七he

mean

　

リ

　

三

　

ｎ

　

－

　

１

　

and

　

七he

　

variance

　

２ リ．　　Therefore,七he

simultaneous

　

ｄｉｓ七ribution

　

φ（ｍ，ｓ２）ｏｆ

　

ｍ

　

and

　

ｓ２

　

is

given

　

ｂｙ；

－

ﾉﾌﾟﾔｅ゛Ｐ t
‾2jで2

　

2V

　　　　　

1

　

2び2

　　　　　　　　　　　　　　　　　　　　

－
is

　

used

　

instead

　

of

　

Ｄ

　

。Then

　　　　　　　　　　　　　　　　　　　　　

ｐ

　　

４２

4リ

The

　

subj ect　of　七his　ｓｅｃ七ion　is　七〇　seek　七he　distri-

bution

　

of

　

七he

　

mean

　

particle

　

diameter.

　

工ｔ

　

is

　

found

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－
from Eq.　(3.6) tha七　the　equation　°p　°　cons七’　gives

ａ

　

curve ｉｎ（ｍ，ｓ２）－ｓｐａｃｅ．　Now　for　the　sake　of

simplici七y, the　natural　logari七hm　of　the　mean

　　　　　　　　　　　　　　　　　　　　　　

－
ｐａｒ七icle

　

diameter, lnD



　　　　　　　　　　　　　　　　　　　　　　　

－
the

　

distribution

　

of

　

lnD

　　

can

　

be

　

ｏｂ七ained

　

if

　

七he

　

simul-

七aneous

　　

distribution

　

ｏ
Ｆ
ｍ　and　ｓ２　is　rewri七七en　for

that

　

of

　

lnD

　

and

　

，ｓ２．

　

This

　

will

　

be

　

shown

　

in

　

the

following

　

ｐａ:ragraph.

　　　　　

First

　

of

　

all, from Eq.　(3.6), the　following

equation

　

is

　

obtained.

　　　

－
ｄ:LnD

　　　　

ｐ

Therefore,

＝ｄｍ＋ｃｄ（ｓ２）

ｄ（ｓ２）ｄｍ＝ｄ（ｓ２）Ａｄｍ

(3.9)

一

一

゜d(s2)AdlnD

d(ｓ2)Adlj5p‾ｃｄ(ｓ2)Ad(ｓ2)

(3.10)

where

　

symbol

　

ｄ（ｓ２）Λdmdenotes　the　ｏｕ七er　produc七　〇ｆ

ｄ（Ｓ２）ａｎｄ

　

dm.

　　

From

　

Eq.

　

(3.10), the　simultaneous

distribution

　

may

　

be

　

rewri七七en

　

as

　

follows.

　　

１＝ごグφ（ｍ，ｓ２）ｄ（ｓ２）ｄｍ

　　　

°ご｛ドφ（1115p‾ｃｓ≒ｓ２）ｄ（ｓ２）｝ｄ:Ｌ㎡５ｐ

　

(3.11)

(here

　

symbolΛis

　

ｏｍｉ七七ed

　

as

　

usual) .　工ｆ　ａ　certain

　　　　　　　　　　　　　

－
function

　

ｆ（111Dp）ｉｓ

　

defined

　

ｂｙ；

　　　　

－
ｆ（:ＬｎＤ

ｐ
）

　

≡
ｊ
ｏ
ｃ゛）φ(lnD

- cs^,　ｓ２）ｄ（ｓ２）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－
ｉ七

　

is

　

eviden七

　

七ｈａ七

　

七he

　

function

　

ｆ(１ｎＤｐ

the

　

condi七ion;

43

(3.12)

satisfies



　

(Ｘ)

　　　　　

－

　　　　　

－
/ f(lnD )dlnD °１

-

(3.13)

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－
Therefore, it　represents　the　distribu七ion　of　inD .

　　　　　

The

　

above

　

simple

　

and

　

definite

　

ｍｅ七hod

　

is

　

the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－

first

　

developed

　

to

　

ｏｂ七ain

　

七he

　

distribu七ion

　

of

　

inDp,

as

　

far

　

as

　

the

　

author

　　

knows.

　

And

　

it

　

is

　

七he

　

basis

of

　

the

　

whole

　

theory

　

in

　

this

　

chapter。

　　　　　

Before

　

proceeding

　

with

　

the

　

problem

　

of

　

determin-

ing

　

the

　

distribution, it may　be　convenien七　to

introduce

　

ａ

　

dimensionless

　

quantity

　

Ｋ

　

by

　

the

　

equa七ion;

　　　　

－

　　

－
゛ｃ

　

° D
/d'

Then, Eq.　(3.13) is　rewri七ten　ａｓ；

ごf (Inに+ lnD p)dlnK:ニ１

(3.14)

(3.15)

Ｔｈａ七

　

is, the　ｄｉｓ七ribution　ｆ　is　also　the　distribution

of

　

lnK, which　is　ｄｅｎｏ七ed　by　^inK'

namely;

f:LnK
-

-

- f (Inに＋１ｎＢ°

　　　　　

ｐ

工ｆ

　

Ｋ＝

　

1, the　mean　ｐａｒ七icle　diameter　of　the　samp:Le

coincides

　

with

　

that

　

of

　

the

　

population.

　　

This

　

fact

４４



shows

　

that

　

the

　

experimental

　

value

　

coincides

　

with

the

　

七heoretical

　

value.

　

This

　

will

　

be

　

discussed

　

in

detai:Ｌ

　

in

　

the

　

ｎｅｘ七

　

section.

　

工七

　

is

　

better

　

to

　

use

the

　

distribution

　

ｆ
lriK

　　　　　　　　　　　　　　　

－
ｉｎｓ七ead

　

of

　

f (lnD

　　　　　　　　　　　　　　　　

ｐ
when

comparing

　

the

　

experimenta:Ｌ

　

resu:Lts

　

with

　

the

　

theore-

tical.

Now

　

the

　

distribution

　

ｆ
lnK
can

　

be

　

obtained

　

by

carrying

　

out

　

七he

　

integration

　

of

　

Eq.

　

(3.12) as　follows;

^lnK ゛

where, y:･

Ｚ

へj

一

一

き

and 叫Ｚ）

　

-

(y､/2 7r

-

mS･
/2C2び2十

W-･

　

1

e‾考jΦ(ｚ)

ぷ(1nに十caVn)

a/2c2a2'フコ：

ぷ

､/石苧‾匹

-

-

-

ヱ

/Ｆ

・(2clnK

　

十

　

２Ｃ２（ｙ２

　

十

　

１）

yｚｅ‾チｄｚ ，
リ゛ｎ

１
ｉ
ｌ
。
！
Ｉ
。
Ｉ
。

．
Ｉ
．
ノ

(3.16)

(see

　

also

　

Appendix

　

Ａ）

竺lis

　

sampling

　

ｄｉｓ七ribution

　

shows

　

the

　

bias,

Ｄ｛ｅｘｐ（－ｃジ／ｎ）－

　

！} , which　has　been　ｓ七udied　by

ｏｌｈｅｒ

　

workers″３バ１），

　

only

　

numerically。

　　　　　

Equation (3.16) will　prove　useful　when　七he

problem

　

"how many　ｐａｒ七icles　should　be　sampled　in　an

experiment”is

　

discussed.

４５



３。３

　

Number

　

of

　

Particles

　

Required

　

in

　

an

　

Ｅχperimen七

　　　　

The

　

distribution

　

of

　

experimental

　

value

　

ｙ

　

is

obtained by　use　of　the　distribution　ｆ　　　。　工ｆ　Ｙ’

deno七es

　

Ｙ（μ（ｏ），（Ｊ２），ｒａｔｉｏ

　

λ

　

of

　

Ydn, sM　to　Y* is

related

　

to

　

Ｋ

　

by

　

七he

　

following

　

equa七ion.

入

　

５

　

Ｙ/Ｙ°゜（i5p/5;丿

　

゜岬

For

　

ａ

　

certain

　

func七ion

　

ｆ

ing

　

equation

　

IS

　

set

　

ｕＰ・

ｆｌｎλ ｄ

　

ｌｎλ

　

＝

　

ａ

　

ｆ
:Ln入

So, if　the　func七ion　ｆ

ｆｌｎ入

:Ln入

:Ln入″

ｄ

　

lriK

(3.17)

therefore, the　follow-

is

　

defined

　

ｂｙ;

-

-

- f, /a゜f(lnX/‰+ ln5-)ハ

it

　

satisfies

　

the

　

rela七ion;

ごｆｌｎ入d1心ニ１

(3.18)

(3.19)

Therefore″ｆｌｎλ

　

Γepresen七ｓ

　

the

　

distribution

　

of

　

ｌｎ入．

　　　　　

By

　

use

　

of

　

the

　

above

　

distribu七ion, the　proba-

bili七ｙ

　

Ｐ（

　

I e I　< 6) tha七　experimen七al　ｄａ七ａ may　be

in

　

the

　

range

　

of

　

rela七ive

　

error

　

－６

　

七〇

　

＋6

　

/ is

４６



obtained。

The

　

relative

　

error

　

is

　

defined as

ｅ

　

Ξ
Ｙ 一
一

Ｔ

Ｔ‘
一

一 λ－１

Therefore, the　probabili七ｙ　Ｐいｅ・≦　6) can　be

evalua七ed

　

as

　

ｆｏ１:Lows;

　　　　　　　　　　　

lnC1・勾

P (le I≦　６）゜　ｊ　　　　ｆｌｎ入　d　111λ　゜

　　　　　　　　　　

ｈ､Ci-cT) 二W・･~

　　　

･ごＸ、

(3.20)

ｄ

　

lriK

(3.21)

When

　

studying

　

the

　

problem

　

”how

　

many

　

particles

　

should

be

　

sampled

　

to

　

get

　

ａ

　

ｓａ七isfactory

　

result”, the　follow-

ing

　

assumption

　

is

　

accep七able.

Ｏ

　

＜

　　

Ｗ

　

。

　

＜＜（Ｊ

　　

－

　　　　

I a I

(3.22)

工七may be　assiomed　that n　is　larger　七han　５０．　Then

from Eq.　(3.16) i七　can　be　shown　for　七he　whole　range

of

　

lnK

　

that (cf.　Appendix　Ｂ）；

-
ｚ≧｛､／２ｃ２び２＋１－

lai

　

2（s/？‥　引･/耳 (3.23)

石て耳こ

　　

２

４７



　　

Ｆ２

　

一一
ｅ

　

２ dy｝戸

lai

(3.24)

However

　

from

　

Eq.

　

(3.22),七he

　

following

　

rela七ion

　

can

be

　

obtained;

６
-

lal

＜＜

　

a

　

＜

And

　

therefore;

-
26/c'

一一

一
lal/2 C2 (J2　十　１

２Ｃ２（ｙ２

　

十

　

１
-

２ /c ２

＜く

　

、/2C≒2＋1

Then

　

Eq. (3.23) reads;

　　　　　　　

－
z > /瓦石Ｔﾏﾐ ・/ﾗ≧

Therefore,Φ（ｚ）゛

　

１

This

　

simplifies

　

Ｅｑ。(3.21) as -follows

Ｐ

　

!ｙ

-

-

ぶ

びy/2C2(y2

　

＋1

工

√涯

L]ぎ≒1゛

　　　　　

”叫

　

_旦２
ｄ戸－

　

ア

　

ｅ

　

２

　

df -

1－2の（-lｕl）

４８



where,

Ｕ

　

≡

-
aa y/2C2(y2＋1

Another

　

expression

　

of

　

Eq.(3.24) is;

－

－

２

Ｐ

(3.25)

(3.26)

　　　　　

If

　

Ｐ

　

is

　

given, u　can　be　obtained　from　the

above

　

equation, and　the　number　of　ｐａｒ七ｉｃ:Les　ｎ　is

determined

　

from

　

Eq.

　

(3.25)。

　

¨ｎ¨

　

thus

　

given

　

is

defined

　

as

　

”the

　

number

　

of

　

particles

　

required”and

deno七ed

　

by

　

ｎ。．

　　

Then

　

ｆｒｏ°

　

Eq. (3.25) ;

１０ｇ

　

ｎ大

　

゜

　

‾

　

２

　

Iog6

　

十

　

logco

where,

ωΞＵ２ ａ２（Ｊ２（２Ｃ２　び２＋1）

(3.27)

(3.28)

(see

　

also

　

Fig. 3.4)

Parameter

　

ω

　

is

　

given

　

numerically, if　the　probability

Ｐ

　

is assigned　and　七he　variance　a^of　the　population-

particles, the　exponent　ａ　of　the　process　variable,

　　　　　　　　　　　　　　　　　　　　　　　　

４９



and

　

the

　

basis

　

number

　

Ｓ

　

of

　

the

　

ｅχperiment

　

are

　

known・

Practical

　

use

　

of

　

this

　

equation

　

will

　

be

　

shown

　

in

§

　

3.4.

３．４

　　

Examp:Le

　　　　

Following

　

example

　

ｗｉ:L:Ｌ

　

be

　

of

　

ｈｅ:LP

　

in

　

understand-

ing

　

of

　

the

　

theory

　

developed

　

in

　

the

　

previous

　

section.

Examp:Le；

particle

　

size

parameters

Dｐ(501)゜5[μ]″Ｄｐ(84°13%)゜8[U]

(0)゜1.61(yg
＝‾‾石ｘｐＵ（ｏ）＝５［１ｊ］

　

）

び２＝Ｏ。2209 (a=0.47, a

process

　

variable

　　

ｙ°ＫＤ；（ａ＝2）

　

－

　

－
ｇ
expia=1.6)

　　　　

(3.29)

　　　　　

Eq.

　

(3.29) represents　ａ　process　七hat　follows

stokes' law.　From　Eq.(3.4)七he　popu:Lation-mean

ｐａｒ七icle

　

diame七er

　

51ｼ

　

is

　

given

　

ｂｙ；

ら＝ｅｘｐ(1.61 十

　

〇.2209･Ｃ） (3.30)

Basis-numbers

　

リ' for　the　ｃｏｕｎ七　and　the　mass　are　ｏ

and

　

3, respec七ively.　　The　ｅχponent a　is　2 , and

Eq.(3.5) gives;

ｃ（ｏ）＝１，ａｎｄ ｃ（３）＝　４

５０



denoting

　

ｃ（ｏ）ｏｎ

　

the

　

count

　

basis

　

and c , on　the

mass

　

basis.

　　

From

　

Eq.(3.30), therefore, the　popu-

lation-mean

　

particle diameters　ａｒｅ５゛（゜^ = 6.24［μ］

and
P　12.1［Ｕ］．　０ｎ　the　other　１：and,

from

Eq.(3.6) the　samp:Le-mean　partic:Le　diameters　are

given

　

ｂｙ；

ｏ）
゛ｅｘｐ（ｍ十

　

ｓ２）ａｎｄ ５ｙ）＝ｅｘｐ（ｍ＋　４ｓ２）

Therefore,

Ｏ 匹

　

6,24

Ｏ 匹
12.1

　　　　　

The

　

ｄｉｓ七ribu七ion

　

lriK

　

for

　

the

　

coun七

　

and

　

the

mass

　

bases

　

can

　

be

　

obtained

　

as

　

shown

　

in

　

Figs. 3.1　and

3.2, respectively.　　P( |e|　≦　0.05), which　is　the　pro-

bability

　

that

　

the

　

experimen七al

　

data

　

may

　

be

　

in

　

the

relative

　

error

　

士5%, increases　as　the　sample　size　ｎ

becomes

　

larger。

　

This

　

is

　

shown

　

in

　

Fig. 3.3。

　　　　　

The

　

number

　

of

　

partic:Les

　

required

　

in

　

the

　

ｅχperi-

ment

　

can

　

be

　

determined

　

for

　

七he

　

given

　

requirement

ｔｈａ七

　

p%

　

of

　

data

　

should

　

be

　

in

　

the

　

region

　

of

　

relative

error

　

士

　

q%, where　ｐ　and　ｑ　are　given　numerical:Lｙ・　　工ｎ

this

　

ｅχample, the　parame七ers　ω　on　the　coun七　and　the

mass

　

bases

　

respectively

　

are

　

given

　

as

　

functions

　

of

　

ｕ

as

　

follows;

ω（ｏ）＝

　

1.27ｕ２

　　

and

　　

ω（３）＝7.13ｕ２

　　　　　　　　　　　　　　

５１

(3.31)
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一 一

When

　

９５１

　

of

　

the

　

ｄａ七ａ

　

is

　

required

　

七〇be

　

in

　

the

　

region

of

　

the

　

relative

　

error

　

士q% (where　ｑ　is　arbi七rary) /

for

　

example, u =　1.96　from Eq. (3.26) .　　工ｎ　this　case

Eq.(3.31) gives　ω（０）＝　4.87　and　ω（３）＝　27.4, as　shown

in

　

Fig.3.4.

　

From

　

the

　

figure

　

or

　

from Eq. (3.27) ,”the

number

　

of

　

partic:Les

　

required”

　

is

　

determined

　

as

ｆｏ:Llows;

ｎ女

ｎ女

０

０

(95%,士:L0%)=487, ｎ吻

(95%,士5%)=l,900,

　

ｎ。

●●●●●●●●●
〆

り

３）

　

(95%,±10%)＝２，１４０，

(95%,±5%)=ll,000,

where

　

ｎ。（６）

　

(p%,士ｑ幻

　

deno七es

　

the

　

number

　

of

　

particles

required

　

in

　

3-basis

　

ｅχperiment

　

when

　

the

　

requirement

is

　

ｔｈａ七

　

p%

　

of

　

data

　

should

　

be

　

in

　

the

　

region

　

of

　

ｒｅ:La-

tive

　

error

　

士ｑｉ。

　

For

　

any

　

probability

　

Ｐ，ｎ。will

　

be

obtained

　

in

　

the

　

same

　

manner。

　

Ｊｕｓ七

　

for

　

reference,

n*(95%,±5幻

　

is

　

rewri七七en

　

in

　

terms

　

of

　

weight

　

as

specific

　

gravity

　

Pp

　

°２

　

ｇ／ｃ゛３as　shown　in　Ｔａｂ:Le　3.1.

Table

　

3,1. Weight
石ＦＥ 『

articles requ
ent (cf.Examp

ired

　

in

-
１ｅ

　

in

　

§

P(|e

　

≦

　

0.05）＝０．９５，（ｙ。= 1.6

３。４）

Ｘｆ（ｏ）Ｄｊ、゛）
ount

　

basis

２×１０‾６

　

mg

　　　　

－３
２×１０

(
Ｎ

Ｃ
Ｍ

Ｃ
Ｎ

ｇ

　

ｇ

　
　
　

ｑ

ｍ

　

ｍ

　

ｇ
ｋ

Mass

　

basis

]．．２×10

1.2×１０

C
Ｍ

Ｃ
Ｎ
!

―

　

―

－５

－２

mg

mg

mg

ｇ

　　

１

　

micron

　

１０

　

micron

１００

　

micron

　　

ｌ

　

mm

　　

ｌ

　

cm

゛）

　

石石耶

　　　　　　　　　

ｐ
・
ｆ ５０

　

wt%

　

diameter

　　　　　

５４



　　　　

工七

　

is

　

found

　

from

　

Fig. 3.4　七hat　if　５０，０００　ｐａｒ七ｉ－

cles

　

are

　

used, 95%　of　the　data　will　be　in　七he　region

of

　

relative

　

error

　

±11

　

on

　

the

　

count

　

basis, and　±2.5宅;

on

　

七he

　

mass

　

basis.

３．５

　　

Discussion

　　　　　

The

　

first

　

discussion

　

concerns

　

the

　

number

　

of

particles

　

that

　

should

　

be

　

sampled

　

to

　

ａ七七ain

　

satis-

factory

　

results.

　　

Eq.(3.27) gives　ａ　part　of　the

solution

　

of

　

this

　

problem.

　　

The

　

number

　

of

　

particles

required

　

is

　

graphically

　

shown

　

in

　

Fig.3.4, in　which

ω

　

is

　

the

　

only

　

parame七er.

　　

The

　

figure

　

shows

　

七ｈａ七

　

the

number

　

of

　

particles

　

required.

　

ｎ嚢ｚ

　

increases

　

ｗｉ七ｈ

　

the

value

　

of

　

ω

　

and

　　

at

　

the

　

same

　

七ime

　

the

　

ｓｃａ七七er

　

of

　

the

data

　

also

　

increases,

　　

These

　

ｆａｃ七Ｓ

　

suggest

　

that

　

the

parameter

　

ω

　

shows

　

the

　

amount

　

of

　

ｓｃａ七七er.

　

工七

　

is

　

given

by

　

Eq. (3.28) .　From the　equation　it　is　known　that　the

ｓｃａ七七er

　

of

　

data

　

increases

　

as

　

the

　

ｅχponent

　

･a',

variance

　

°（Ｊ２゛

　

or basis　number　リ' increases.　工ｎ　七he

previous

　

example

　

ω（３）ｗａｓ

　

larger

　

七han

　

ω（ｏ）．

　　

Compari-

son

　

between

　

Figs. 3.1　and　３．２　shows　that　the　scatter

of

　

the

　

data

　

in

　

Fig. 3. 2　is　wider　than　in　Fig.3.1.

　　　　　

The

　

parameter

　

ω

　

is

　

in

　

direc七

　

propor七ion

　

七〇

　

ｕ２

as

　

shown

　

in Eq. (3.28)　or　(3.31).　And　ｕ　increases

with

　

Ｐ．

　

Consequently, the　parameter　ω　increases　if

more

　

of

　

the

　

ｄａ七ａ

　

are

　

included

　

in

　

七he

　

given

　

range

　

of

error.

　　

This

　

ｆａｃ七

　

sugges七ｓ

　

七hat

　

the

　

scatter

　

increases

relatively

　

七〇

　

the

　

given

　

range

　

of

　

error,

　

and

　

that

　

ｕ

shows

　

the

　

amoun七

　

〇ｆ

　

ｓｃａ七ter

　

relative

　

to

　

七he

　

range。

　　　　　　　　　　　　　　　　　　　　　　　　　

５５



　　　　　

From

　

七he

　

above

　

discussion

　

it

　

is

　

found

　

that

　

the

scatter

　

of

　

data

　

is

　

related

　

to

　

the

　

standard

　

geometric

deviation a　, experimen七al　basis -count　or　mass -(re-

presented

　

ｂＪ

　

parame七ｅ:ｒ

　

3), and　七he　exponent　ａ　which

represents

　

the

　

process

　

itself・

　　　　　

The

　

resu:Lts

　

described

　

above

　

are

　

quantitatively

applicable

　

only

　

when

　

the

　

log-normal

　

ｄｉｓ七ribution

　

is

valid, but　qualitatively　they may　apply　when　other

distributions

　

are

　

used.

　　　　　

Our

　

ｎｅｘ七

　

discussion

　

is

　

abou七

　

whether

　

the

　

various

assumptions

　

given

　

in

　

deriving

　

Eq.(3.27) are　appro-

priate

　

or

　

not.

　

The

　

ｅχｔｅｎ七

　

〇ｆ

　

applica七ion

　

of

　

the

equation will　also　be　discussed.

　　　　　

One

　

of

　

the

　

as sump七ions　is　七ｈ°１ｔ　sample　size　ｎ　is

larger

　

than

　

５０．

　

From

　

七he

　

fact

　

that

　

Ｐａｒ七icles

　

with

sample

　

size

　

of

　

less

　

than

　

１，０００

　

are

　

very

　

rarely

　

used

in

　

the

　

usual

　

experimentsダ

　

this

　

assump七ion

　

is

　

accep七－

able.

　

When

　

the

　

sample

　

size

　

is

　

ｓｍａ:LI

　

and

　

七he

　

ｓ七andard

geometric

　

deviation

　

is

　

larger

　

than

　

２

　

for

　

some

　

reason.

however, special　care　should　be　七aken.　As　shown　in

Fig.3.2,

　

there

　

is

　

some

　

bias

　

in

　

the

　

sampling

　

ｄｉＳ七ribu-

tion

　

of

　

lnK.

　

Fortunately, when a is　smaller　than

1.6 (a　＜　Ｏ。6), or　the　dispersion　ｅχｐＯｎｅｎ七　for　Rosin-

Rammlar

　

size

　

ｄｉｓ七ribu七ion

　

is

　

larger

　

than

　

２～3, in　ａ

loose

　

夕ense

　

of

　

七he

　

word,

　

no

　

special

　

care

　

is

　

required

about

　

such

　

bias。

　

Outside

　

of

　

七he

　

above-mentioned

range, the　number　of　particles　required　is　larger

than

　

n* which　is　determined　by　the　method　developed

in

　

this

　

chapter.

　　　　　

The

　

next

　

assumption

　

given

　

in

　

deriving

　

Eq.(3.27)

　　　　　　　　　　　　　　　　　　　　　　　　　　

５６



is

　

that 5/ I aくくa. This　assumption　is　easy　to　use, for

ｉ七

　

is

　

independent

　

of

　

parameter Ｓ．　　However, it　is　not

always

　

necessary,

　

because

　

sample

　

size

　

ｎ

　

is

　

much

larger

　

than

　

５０。　　工ｎ　shor七ダ　the　condition　that　para-

meter

　

ｚ

　

in

　

Ｅｑ。(3.16) is　larger　than　５　is　sufficient,

because

　

the

　

relation,Φ（ｚ）ｚ

　

ｌ

　

is

　

valid.

　

工ｆ

　

七his

remark

　

is

　

taken

　

into

　

consideration, there　will　be　no

ambiguity

　

about

　

the

　

assumption。

　　　　　

Further

　

discussion

　

is

　

concerned

　

with

　

the

　

assump一

七ion

　

that

　

the

　

population

　

follows

　

the

　

log-normal

　

size

distribution.

　

The

　

log-normal

　

size

　

distribution

　

has

various

　

advantages

　

which

　

were

　

revealed

　

by

　

Hatch

　

and

Ｃｈｏａｔｅ．５）

　

工ｎ

　

most

　

cases, size　distribution　is　skewed,

and

　

ｉ七

　

can

　

be

　

approximated

　

by

　

the

　

log-normal

　

distri-

bution.

　

which

　

is

　

of

　

practical

　

ｕｓｅ。

　　　　　

Only

　

the

　

process

　

that

　

is

　

represented

　

by

　

Eq. (3.2)

has

　

been

　

studied

　

in

　

this

　

chapter, bu七　七his　equation

can

　

be

　

used

　

七〇

　

represent

　

ｏ七her

　

processes

　

loca:L:Ｌｙ・

The

　

application

　

of

　

Eq.(3.27) to　other　processes　will

be

　

七herefore

　

very

　

interes七ing.

　　

The

　

ｓ七udy

　

of

　

七his

possibility will　be　七he　subject　of　future　work。

　　　　　

From

　

the

　

example

　

in

　

§3.4, it　may　be　said　that

the

　

error

　

due

　

only

　

七〇

　

the

　

size

　

distribution

　

is

　

not

　

so

large

　

as

　

we

　

usually

　

experience.

　　

However,

　

data

　

with

ａ

　

little

　

error

　

are

　

sometimes

　

ｏｂ七ained

　

when

　

partic:Les

that

　

have

　

high

　

fluidity

　

are

　

concerned.

　　

工ｎ

　

such

　

ａ

case

　

the

　

theory

　

developed

　

in

　

this

　

chapter

　

applies

well

　

and

　

Eq.(3.27) is　useful　in　ｅχamining　the　data.

工ｎ

　

the

　

process

　

where

　

fine

　

particles

　

are

　

dealt

　

with,

adhesion

　

and

　

agglomeration

　

may

　

be

　

the

　

principal

５７



causes.

　　

They

　

may

　

bring

　

ａｂｏｕ七

　

some

　

change

　

in

　

the

”effective” mean particle　diame七er　in　the　process

Also, the　particles　may　ｉｎ七erac七　ｗi七ｈ　each　other

Ｆｕｒ七her

　

investigation

　

ｉｎ七〇

　

七hese

　

problems

　

is

necessary・

３．６

　　

Conclusion

　　　　

工ｎ

　

the

　

particulate

　

process

　

that

　

can

　

be

　

expressed

by

　

the

　

equation

　

ｙ

　

°

　

KDp,

　

the

　

scatter

　

of

　

ｄａ七ａ

　

caused

by

　

the

　

size

　

distribution

　

increases

　

as

　

the

　

standard

geometric

　

deviation

　

･ag' (゜　ｅ゛ｐ口）ｏｆ　popu:Ｌ‘ation-

particles, parameter　” Ｐ　representing　the　ｅχperi-

mental

　

basis, and　exponent　'a' representing　the

process

　

itself,

　

increase.

　　　　

The

　

number

　

of

　

ｐａｒ七icles

　

required

　

to

　

get

　

ａ

certain

　

per

　

ｃｅｎ七

　

〇ｆ

　

the

　

data

　

in

　

ａ

　

certain

　

range

　

of

error

　

changes

　

depending

　

on

　

the

　

amount

　

of

　

ｓｃａ七七er.

And

　

the

　

number

　

of

　

ｐａｒ七icles

　

required

　

increases

　

as

七he

　

scatter

　

increases.

　

Ａ七

　

the

　

same

　

time

　

the

　

number

increases

　

relatively

　

to

　

the

　

magnitude

　

of

　

error

　

re-

quired

　

in

　

the

　

experimen七．

　　

This

　

can

　

be

　

represen七ed

by

　

use

　

of

　

parameter

　

ｕ．

　

When

　

ｕ

　

increases, the　number

increases,

　

too.

　　

工ｆ

　

the

　

:Log-normal

　

size

　

distribu七ion

is

　

valid,

　

all

　

of

　

these

　

ｆａｃ七ｓ

　

can

　

be

　

expressed

　

by

Eq.(3.27) with　only　one　parameter　ω＝　ｕ２ａ２（ｙ２（２ｃ２（Ｊ２　＋1）．

工七

　

is

　

possib:Le

　

to

　

use

　

七his

　

equation

　

in

　

calculating

七he

　

number

　

of

　

particles

　

required

　

in

　

七１３ｅ

　

experiment,

and

　

also

　

in

　

estima七ing

　

the

　

error

　

when

　

the

　

number

　

of

particles

　

is

　

given.
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!迦生白

[Ａ]

　

Sampling

　

distribution

　

of

　

mean

　

particle

　

diameter

　　　　

工ｎ

　

the

　

general

　

case, simultaneous　distribution

is

　

given ｂｙ6)

　　　　　　　　　　　　　　　　　　　　　　　　　　　

n二八二旦

　　　

φ(ｍ,｀ｓ２)＝

　

斗。'券(尚叫上Ｌピ・(愉≒券ｓ2

　　　　　　　　　　

び/2Tr

　　　　　　　　　　　　　　　

cy2Γ(ｌﾁﾞ=)

　

Cy2

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

(Ａ-:L)

工f

　

n

　

is

　

odd, and　can be ｗｒi七七en　ｎ　＝　２ｋ　十　1，ｋ　＝

1,2,・・・・・・・・・・f

　

the

　

above

　

equa七ion

　

reads;

　　　

φ（ｍ,ｓ2）＝

ごと

－

jとﾌﾞし

一万

ﾀﾞｼﾌ!

ｅ‾券｛（いｏ）‾頑2十ｓ2｝

　　　　　　　　　　

ジy乃玉Γ（ｋ）｀（Ｊ’

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

（Ａ-２）

From Eqs.　(3.4) and (3.6), we　have;

1n5°＝11（0）十Ｃ（ｙ２

　　

ｐ

　　

－
:LnD

　　　

ｐ

∴

　　

lnD

　　　　　　　

ｐ

一

一

　

－
/^p

ｍ

　

＋

　

CS2

゜y （０）－ｍ十Ｃ（び２ －Ｓ２）

　　　　　

５９

(Ａ-３)

(A-4)

(Ａ-5)



Therefore,

- ．Ξ≒-｛（ふ（０）－ｍ）２十Ｓ２｝

2（y2

-

-

＿

　

皿__

　

2び2

　　　　　　　　　

2i

(1nkこ十Ｃ(ｙ２)

工ｆwe　put;

Ｓ２ -

- 二
凧ｃl

-
_乙

２(Ｊ２

（１ － 2clnに－2C2び2）S2一匹Ｓ4

(Ａ-６)

ｔ (A-7)

substi七uting

　

Eqs.(A-6) and (A-ﾌ) into　Eq.(A-2), the

following

　

equation

　

is

　

ｏｂ七ained, by　use　of　Eq. (3.12) ,

as

　

the

　

sampling

　

ｄｉｓ七ribution

　

of

　

lriK .

lnK

where,

χ

　

こ

轟（1nに十ｃジ）２

丿刊Ｌ
ヽ／Ｆ．２ｋｌｃｌｋΓ(ｋ)

___雁

2alc|

ｊｃ゛)ｔｋ‾１・ｅ‾ｘ七‾子七２

０

(１ － 2clnに－２Ｃ２(Ｊ２)

６０

dt

(Ａ-８)

(Ａ-９)



Ｅｑ・

°-k

(A-8) can　be　rewrit七en　by　use　of　Weber ’ｓ　function

(x) as;

^lnK
･

k+1 rト（１ｎＫ＋ｃジ）2eﾀﾞＤ

cyｋ゛1/５・2ﾄ･・c|^

［Ｂ］

　

Deriva七ion

　

of

　

Eq.(3.23)

From Eq.(3.16), we　have

-ｋ
(Ｘ)

Ｚ

　

≡
二

（2C

　

lnに

　

十

　

2c^o^

　

十

　

１）

The

　

range

　

of

　

lnK

　

is

ln(l - 6) く

ー
alriK

　

≦

　

ln(l

　

十（S）

This

　

can

　

be

　

approχimated

　

by

－6/圈

　

≦1nに£6/圈

(A-10)

(Ｂ-1)

(Ｂ-2)

(Ｂ-3)

Moreover, i七　can　be　assumed　ｔｈａ七　ｃ　is　positive,

because

　

if

　

ｃ

　

is

　

nega七ive

　

then

　

the

　

following

　

deriva一

七ion

　

can

　

be

　

made

　

over

　

by

　

reversing

　

the

　

order.
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When

　

lnK

　

≧

　

0, the　value　of　ｚ　satisfies　the　following

relation, from　Eq. (B-1) ;

z≧y/石石ｒ７ｉ乃

　

〉パ

　

〉５

　　

に･ｎ＞50）

(B-4)

On

　

the

　

other hand, when　-6/|a|　≦　１ｎにく　0 , we　have

　　　

ｚ≧｛､/瓦石７で‾i－

　　　

26/？

　　

ヅ

　

（Ｂ-5）

　　　　　　　　　　　　

同/おＦ戸‾祠L

　　

2

This

　

is

　

Eq.(3.23)。

　
　

ｐ

　

ｐ
・
Ｐ

Ｃ

　

Ｄ

　

一
Ｄ

　

－
Ｄ

e

　　　　

－
f(lnD )

Nomenclature

６

　

十a/2, Eq.(3.5)

particle

　

diameter

sample

　

mean

　

ｐａｒ七icle

　

diameter

population

　

mean

　

particle

　

diameter

rela七ive

　

error

　

defined

　

by

　

Eq.(3.20)

　　　　　　　　　　　　　　　　　　　　　　　　　　

－sampling

　

ｄｉｓ七ribution

　

of

　

ｌｎＤｐ
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f:LnK

Ｋ

　
　

ｍ

　
　
　
　
　

火

ｎ

　
　

ｎ

P(|e|

ｐ

　
　

ｑ

　
　

ｓ

　
　

ｕ

≦(5)

Ｙ(ｍ，ｓ２

ｙ

９(ｍ，ｓ２)

Ｚ

sampling

　

distribution

　

of

　

lnK

cons七ant, Eq.(3.2)

logarithmic

　

mean

　

diameter

　

for

　

ａ

　

random

sample

　

of

　

size

　

n (sample　mean), Eq.(3.7)

sample

　

size

n＼imber

　

of

　

ｐａｒ七icles

　

required

　

in

　

an

experiment

probability

　

that

　

七he

　

experimen七al

　

data

may

　

be

　

in

　

the

　

range

　

of

　

relative

　

error

－６

　

to +6

preassigned

　

probability,［刻

preassigned

　

ｒｅ:Lative

　

error,

　

［１］

sample

　

Ｓ七andard

　

deviation

　　　　　

一一
/n6/{oに/2c2ジ＋:Ｌ｝

experimenta:Ｌ

　

value

process

　

variable

linear

　

ｅｓ七ｉｍａ七ｅ

匹

）

（ジ）

６３



8
　
　
　
　
　
　
e
n

６

Ｋ

入

Ｕ

（ｏ）

μｇ

り

%

び

へ

φ,(Ｚ)

？

φ（ｍ，ｓ２）

Ｘ２

ω

cons七ant/ in　Eq.(3.2)

basis

　

number (3　＝　Ｏ　for　the　count　basis,

and

　

６

　

＝

　

３

　

for

　

the

　

mass

　

basis)

relative

　

error

dimensionless

　

mean

　

particle

　

diameter

　

of.

samp:Ｌｅ：

゜5p/ら

＝Ｙ／Ｙ’＝

　

に（ｌ

　

, Eq. (3.17)

logarithmic

　

mean

　

diame七er

　

for

　

the

　

number

distribu七ion

　

of

　

popula七ion (population

mean)

geometric

　

mean

　

ｐａｒ七icle

　

diame七er

≡ｎ－１

specific

　

gravity

　

of

　

Ｐａｒ七ｉｃ:Le

population

　

ｓ七andard

　

deviation

standard

　

geometric

　

deviation

error

　

function

-

-

/R lnK

　

十

　

Ｃ(Ｊ２

　　

(５/匹可７二こｉ

simultaneous

　

ｄｉｓ七ribu七ion

　

of

　

ｍ

　

and

　

ｓ２

(ｎ／り２)ｓ２

Ｕ２ 062（y2（2C2（y2＋1）

　　　　　

６４

,゛f

／‘

乱子
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工ntroduction

　　　　

The

　

applicability

　

of

　

several

　

powder

　

feeders

　

to

the

　

control

　

system

　

of

　

ａ

　

ｐａｒ七iculate

　

process

　

is

　

ｅｘ’

amined

　

in

　

this

　

chapter.

　

step

　

responses

　

of

　

these

feeders

　

are

　

obtained

　

experimen七ally, and　discussed

briefly.

　　

Powder

　

feeders

　

used

　

in

　

the

　

ｅχperiments

　

are

ａ

　

ｓｃ:rew

　

feeder, Vibra　screw　feeder, Flo一七ron, and　ａ

ｂｅ１七

　

feeder.

　

The

　

mechanisms

　

of

　

七hese

　

feeders

　

will

be

　

described

　

in

　

each

　

section.

４．２　　Apparatus　and　Ｅχperimental　Ｍｅ七hods

　　　　

Fig.4.1

　

shows

　

the

　

appara七us

　

for

　

ｓ七udying

　

the

dynamic

　

charac七eristics

　

of

　

the

　

feeders.

　

Mass

　

flow

rate

　

responses

　

to

　

step

　

changes

　

in

　

the

　

operating

variables

　

were

　

ｄｅ七ected

　

by

　

ａ

　

powder

　

ｆ:Low

　

ｍｅｔｅｒ１，２，３）

（工mpact

　

Line

　

Flow

　

Meteｒ　，　which, as　mentioned　already,

６６



Fig. 4.1　　Schematic　diagram　of　experimental

　　　　　　　

arrangement
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detects

　

the

　

horizontal

　

componen七

　

〇ｆ

　

七he

　

impac七

force.).

　　

The

　

ｄｅ七ected

　

signals

　

were

　

ａｍｐ］Lified

　

and

recorded.

　　

The

　

time

　

constant

　

of

　

this

　

system

　

is

about

　

０．４

　

second。

　　　　

The

　

proper七ies

　

of

　

the

　

powder

　

materials

　

used

　

in

this

　

study

　

are

　

shown

　

in

　

Table

　

4.1.

　　

The

　

angles

　

of

repose

　

shown

　

in

　

the

　

table

　

were

　

measured

　

by

　

the

injec七ion

　　

method

　

using

　

ａ１５０ｍｍφ disc.

Table

　

４．:Ｌ．

　

Properties

　

of

　

the

　

powder

　

materials

materials

quar七ｚ

　

sand

　

（Ｎ０．８）

calcium

　

carbo-
ｎａ七e(coarse)

calcium

　

carbo-
nate (fine)

polyethylene
pellet

４．３

　　

Screw

　

Feeder

mass

　

median

　　

diameter

　

[microns]

６８

３５０

フ．５

3500

angle

　

of
repose
[degree]

38.1

40.9

38.0

35.0

bulk

densi七ｙ

［ｇ／ｃｍ３］

1.23

1.58

0.541

0.545

　　　　

The

　

screw

　

feeder

　

used

　

is

　

shown

　

in

　

Fig.

　

4.2.

powder

　

is

　

extruded

　

by

　

ａ

　

rotating

　

screw..

　

The

　

opera七－

ing

　

variable

　

of

　

ｉｎ七eres七

　

in

　

this

　

feeder

　

is

　

七he

number

　

of

　

revo:Lutions

　

per

　

ｕｎｉ七

　

time

　

of

　

the

　

screw.

６８



０

;|

（
ｃ
!
U
j
;
Ｂ
)
(
)ｔ″
【
】
Ｊ
≪
０
1
1

㎝
ａ
口
Σ

０

variable speed
drive

／

　　・calciumcarbonate

‾.1:ﾆ:7ごI Qnd No.8　　　　　　　　　　y
／
／

／ ／

／／
Ｔ

Ｉ

∠／
｜

ダ
｜

｜

／
０

１０

　　

1

　　　　　　

2
Number Oi revolutions

　　

(rps)

20

t (･≪ )

30 40

３
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(screw

　

dimension;

　

pipe

　

length

　

＝

　

280mm,

　

pipe

　

dia. =　47min,

　

pitch

　

＝

　

34min

　

）

　

・
１
１

Ｃ
ψ

１
１
Ｆ
4，3

　　

Stati c　character-
sties

　

of a　screw feeder

Fig. 4. 4
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step

　

response

　

of
ａ

　

screw

　

feeder

(quartz

　

sand

　

No. 8)



Fig. 4.3　shows　the　static　characteristics　of　the

feeder.

　

This

　

figure

　

indicates

　

the

　

fact

　

七hat

　

the

discharged mass　flow　ｒａ七ｅ　is　in　propor七ion　七〇　the

ｒａ七ｅ

　

of

　

revolution

　

of

　

the

　

screw

　

in

　

the

　

range

　

of

　

七his

experiment.

　

The

　

response

　

of

　

the

　

mass

　

flow

　

rate

following

　

ａ

　

step

　

change

　

in

　

七he

　

rate

　

of

　

revolution

　

of

the

　

screw

　

is

　

shown

　

in

　

Fig.

　

4.4.

　　

The

　

ｄｏ七七ed

　

line

　

in

this

　

figure

　

shows

　

the

　

results

　

calculated

　

by

　

the

following

　

equation。

0｡664^!左L

　

＋3.95記旦L立＋2.44ぐ聊(七y十ｗ(七)
dt^

＝

　

2.17N

dt^ dt

(4.1)

where

　

Ｗ（七）ｉｓ

　

the

　

mass

　

flow

　

ｒａ七e,and Ｎ　is　the

number

　

of

　

revolu七ion

　

per

　

second

　

of

　

the

　

screw.

　

This

equation

　

represents

　

ａ

　

3rd

　

order

　

七ime

　

delay.

　　

As

　

found

in

　

Fig. 4.4,七he　ｄｅ七ected　mass　flow　rate　flue七uates

periodically

　

with

　

fairly

　

large

　

amplitude.

　

The

　

period

of

　

this

　

oscillation

　

corresponds

　

to

　

七he

　

七ime

　

for

　

one

revolution

　

of

　

the

　

screw.

４．４

　　

Vibra

　

Screw

　

Feeder

　　　　

The

　

Vibra

　

Screw

　

Feeder

　

used

　

is

　

shown

　

in

　

Fig.

　

４．５

vibration

　

is

　

ｉｎ七roduced

　

at

　

七he

　

hopper

　

and

　

七he

　

screw.

The

　

screw

　

of

　

this

　

feeder

　

is

　

helical.

　

The

　

operating
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Fig.4.5 Vibra screw feeder

Fig.4. 6　static　character-

　　

i s ti c s　of　ａ　vibra　screw

　　

feeder

　　

(screw

　

dia. =　2")

Fig.4. 7　　step　response

　

of ａ　Vibra　screw feeder

　　

(quartz

　

sand

　

No. 8)



variable

　

studied

　

is

　

七he

　

number

　

of

　

revolution

　

per

unit

　

七ime

　

of

　

the

　

screw.

　

Fig. 4.6　shows　the　static

characteristics

　

of

　

this

　

feeder.

　

The

　

discharged

mass

　

flow

　

rates

　

for

　

coasely

　

powdered

　

calcium

　

carbo-

nate

　

and

　

for

　

quar七ｚ

　

sand

　

Ｎ０．

　

８

　

are

　

in

　

propor七ion

　

to

the

　

number

　

of

　

revolution

　

per

　

second

　

of

　

the

　

screw-

But

　

this

　

linear

　

relationship

　

between

　

the

　

mass

　

flow

rate

　

and

　

the

　

rate

　

of

　

revolu七ion

　

does

　

ｎｏ七

　

hold

　

for

fine

　

calcium

　

carbonate

　

powder.

　　

The

　

mass

　

median

diame七ers

　

of

　

the

　

calcium

　

carbona七ｅ

　

used

　

are

　

３５０

　

and

７．５

　

microns

　

respectively.

　　

The

　

response

　

of

　

the

　

mass

flow

　

rate

　

ｆｏ１:Lowing

　

ａ

　

step

　

change

　

in

　

the

　

rate

　

of

revolution

　

of

　

the

　

screw

　

is

　

shown

　

in

　

Fig. 4.7.

Oscillations

　

in

　

the

　

mass

　

flow

　

rate

　

are

　

the

　

resul七ant

of

　

two

　

components.

　

One

　

of

　

the

　

two

　

arises

　

from

　

七he

revolution

　

of

　

the

　

screw

　

itself, and　the　other, from'

the

　　

vertical

　　

vibration

　

applied

　

七〇

　

七he

　

ｒｏ七ａ七ing

screw.

　　

when

　

the

　

rate

　

of

　

revolution

　

is

　

small, the

amplitude

　

of

　

this

　

osci:Liation

　

is

　

fairly

　

large, but

it

　

becomes

　

smaller

　

as

　

七he

　

ｒａ七ｅ

　

of

　

revolution

　

in-

creases.

　　

This

　

may

　

be

　

ａ七七ribu七able

　

七〇

　

七he

　

fact

　

that

the

　

screw

　

is

　

helical

　

and

　

ｉ七Ｓ

　

center

　

axis

　

is

　

empty・

Under

　

condition

　

of

　

large

　

mass

　

flow

　

ｒａ七e, powder　can

flow

　

through

　

the

　

central

　

space.

　　

Therefore,七he

　

ef-

feet

　

of

　

the

　

rate

　

of

　

revolution

　

of

　

七he

　

screw

　

on

　

the

oscillations

　

in

　

mass

　

ｆ:Low

　

rate

　

may

　

be

　

small, and

七his

　

is

　

reflected

　

in

　

the

　

fact

　

七hat

　

七he

　

amplitude

of

　

the

　

mass

　

flow

　

rate

　

oscillation

　

is

　

also

　

small.
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４．５

　　

Flo-tron

　　　　

The

　

Flo-tron

　

used

　

in

　

this

　

experiment

　

is

　

shown

in

　

Fig. 4.8.　Powder　is　fluidized　on　the　vibration

plateタ

　

and

　

is

　

discharged

　

from

　

the

　

lower

　

part.

　　

The

operating

　

variable

　

used

　

for

　

this

　

feeder

　

is

　

the

ａｐｐ:Lied

　

voltage.

　　

Fig.4.9

　

shows

　

the

　

static

　

charac-

teristics.

　　

The

　

relation

　

between

　

the

　

discharged

powder

　

flow

　

rate

　

and

　

the

　

applied

　

voltage

　

is

　

non-

linear.

　　

The

　

response

　

of

　

the

　

mass flow rate　for　ａ

step

　

change

　

in

　

the

　

ａｐｐ:Lied

　

voltage

　

is

　

shown

　

in

　

Ｆｉｇ・

4.10.

　

This

　

response

　

has

　

ａ

　

time

　

delay

　

of

　

first

order

　

when

　

the

　

applied

　

voltage

　

is

　

small.

　　

when

applied

　

voltage

　

is

　

high, however, it　becomes　oscil-

１ａ七〇ry.

　　

The

　

discharged

　

mass

　

ｆ:Low

　

rate

　

is

　

very

sensible

　

to

　

the

　

heigh七

　

〇ｆ

　

七he

　

powder

　

in

　

the

　

hopper・

Therefore, it　is　necessary　七〇　ｃｏｎ七rol　the　powder

pressure

　

in

　

the

　

hopper

　

if constant　feed　properties

are

　

to

　

be.obtained.

　

Segregation

　

of

　

particles

　

was

also

　

observed.

４．６

　　

Belt

　

Feeder

　　　　

Fig.4.11

　

shows

　

七he

　

belt

　

feeder.

　　

The

　

operating

variables of　interest in this　feeder　are　belt　speed

and

　

gate

　

opening.

　　

Fig.

　

４，:Ｌ２

　

shows

　

七he

　

response

　

of

mass

　

flow

　

rate

　

七〇

　

ａ

　

step

　

change

　

in

　

gate

　

opening・

The

　

response

　

is

　

propor七ional

　

to

　

七he

　

magnitude

　

of

　

the

change

　

following

　

step

　

increases

　

in

　

the

　

gate

　

opening,

７３
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Fig. 4.13　　Shape　of　the　powder　bed
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ｂｅｌ七
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but

　

this

　

is

　

not

　

so

　

for

　

step

　

decreases

　

of

　

the

　

gate

opening.

　　

This

　

phenomena

　

will

　

be

　

analysed

　

in

　

the

ｎｅχｔ

　

section.

　

The

　

ｓｔａ七ic

　

characteristic

　

will

　

also

be

　

predicted

　

theoretically・

4.6-1

　　

Analysis

　

of

　

the

　

step

　

response

　

of

　

the

　

ｂｅ１七

　　　　　　　

feeder

　　　　

Fig. 4.13　shows　the　shape　of　the　powder　bed　on

the

　

belt. φ１　is　the　angle　at which　ｐｏ゛der　is　flow-

ing

　

down

　

from

　

the

　

belt. φ２゛φ５　ｓ１１°ｅ　angles　ｏｆ七he

powder

　

bed

　

after

　

crumbling.

　

工ｎ

　

general, the　belt

speed

　

is

　

very

　

low, (1.63　cm/sec　in　this　ｅχperiment),

so

　

the

　

effect

　

of

　

speed

　

on

　

these

　

angles

　

is

　

negligible

Then,

　

it

　

is

　

possible

　

to

　

put

φ１゛φ２ｙ………２φ５Ξ
φ

(4.2)

Usually

　

this

　

angle

　

φ

　

is

　

smaller

　

than

　

the

　

angle

　

of

repose.

　　

Now, assuming　七ｈａ七　the　shape　of　the　powder

bed

　

is

　

as

　

shown

　

in

　

Fig.4.13, analysis　for　the　step

response

　

may

　

be

　

carried

　

ｏｕ七

　

as

　

follows：

（ｉ）

　

When

　

七he

　

gate

　

is

　

lowered

　　　

Fig.4.15

　

shows

　

the

　

shape

　

of

　

the

　

powder

　

bed when

the

　

gate

　

is

　

lowered.

　　

The

　

discharged

　

mass

　

ｆ:Low

　

ｒａ七ｅ，

Ｗ（七)
/
is　the mass　per ｕｎｉ七　time　which　goes　through

an

　

imaginary plane　inclined with　angle　φ．　　This　may

　　　　　　　　　　　　　　　　　　　　　

７６



Fig. 4.14　Time　axis　embedded　in

　　　　　　　

the

　

belt

　

feeder

　

system

t＝0

X＝0

ｂ

area Ｓ(ｔ)

　　　　　　　　　

Ｃ'

･― vt　　　　　　　　　　　　　　x(t)

Fig.4.15
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４
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－。‘;ｏ

　

φ

　　　　　　　　　　　

‘
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bed
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；
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be

　

read

　

that

　

the

　

plane

　

goes

　

七hrough

　

the

　

powder

　

bed

in

　

the

　

opposite

　

direction

　

ｗｉ七ｈ

　

the

　

belt

　

speed

　

V, as

shown

　

in

　

Fig. ４。１５．　　Until　the　moving　plane　reaches

the

　

position ｂｂ’， the　mass　flow　ｒａ七ｅ　Ｗ　is　constan七。

工ｆ

　

the

　

initial

　

point

　

of

　

the

　

七ime

　

axis

　

is

　

taken

　

at

b', the　area　Ｓ（七）ｏｆ　the　moving　plane　ａ七　ｔｊ｡me　ｔ　is

ｏｂ七ained

　

from

　

Figs 。4.14　and　:Ｌ５　as　ｆ０１１０ｗｓ：

Ｓ（七）＝｛Ｂ十ｍ（七）｝削七）

where,

and

訓七）＝

m(ｔ) -

-

　

H1
匹７

-

匹七

£(七)/tan

　

ａ

(4.3)

(4.4)

(4.5)

Therefore, Eq.(4.3) reads　after　some　manipula七ion,

S（ｔ）＝

　　　　　　　　

Ｖ２
-

４

　

tan

　

ｏと

　

ｃｏｓ２φ

＋

t2づ-９
H,v

}t
２

　

COS

　

φ

　　　

七ａｎｏ･ｃｏｓφｓｉｎφ

Ｈ１２

sin

　

φ

　　　

七an

　

ａ

　

sin^

　

φ

７８

(4.6)



ｌｒ･･

　

．１

％■

　

ｔ

And

　

the

　

step

　

response

　

W(t) is　obtained　as　follows ：

W(t)゜Ｓ（七) PgVsinφ

　　　

゛:

　

lgJ誤応も言下pl
B‘

　

七2

　

:‾:｛§|七に＼φ十

　

H1

　

｝ｙp
Bｔ

　　　　　　　　　　　　　　　　　　　

七anacosφ

＋０＋ H1 y
H,VP3

tanasinφ

(ii)

　

When

　

七he

　

gate

　

is

　

raised

(4.7)

　　　　

Fig 。４。１６　shows　the　shape　of　the　powder　bed　when

the

　

gate

　

is

　

raised.

　

The

　

mass

　

flow

　

ｒａ七ｅ

　

Ｗ

　

is

　

con-

ｓ七ａｎ七

　

before

　

reaching

　

the

　

position

　

A_p. , and　is　also

constant

　

ａｆ七ｅ:ｒ

　

passing

　

over

　

七he

　

position

　

Ａ十〇’

Therefore, the　ｓ七ep　response　is　proportional　七〇　the

gate

　

opening。

　　　　　

工ｎ

　

this

　

treatmen七，七he

　

ｗｉｄ七ｈ

　

of

　

七he

　

powder

　

bed

has

　

been

　

taken

　

as

　

cons七ant

　

as

　

shown

　

in

　

Fig. 4.14.

This

　

approxima七ion

　

is

　

satisfac七〇ry

　

under

　

the

　

ｅχ－

perimental

　

condition

　

ｂｕ七

　

in

　

higher

　

speed

　

operation

ｉ七may

　

be

　

necessary

　

七〇modify

　

the

　

width

　

Ｂ

　

and

height

　

Ｈ．

４。６－２

　　

Predic七ion

　

of

　

the

　

ｓ七ep

　

response

　

ｄｅ七ｅｃ七ed

　

by

　　　　　　　

weighing

　　　　　　　　　　　　　　　　　　　　　　　　　

７９－



　　　　

工ｎ

　

七his

　

ＳｅＣ七ion, the　step　response　detected　by

the

　

weighing

　

method

　

is

　

predic七ed.

　　

工ｔ

　

is

　

assumed

that

　

the

　

scale, such　as　:Load　cell, weighs　the　mass

of

　

the

　

poｖｊｄｅｒwhich　is　just　on　the　scale.　　Following

the

　

procedure

　

in

　

section

　

4.6-:L,

　

七he

　

mass

　

is

　

obtained

as

　

ａ

　

function

　

of

　

七ime

　

ｔ．

　

Then

　

the

　

mass

　

flow

　

rate

detected

　

by

　

the

　

scale

　

can

　

be

　

predicted

　

as

　

ａ

　

quotient

of

　

the mass　and　s/v (=　△t), where　ｓ　is　ａ　width　of

the

　

scale.

　

The

　

results

　

are

　

as

　

follows：

（工）

　

When ｓ ≦

Ｓ
-

一

一

H2“

　

Ｈ1
ダ

ｔａｎφ

　　　　　　　　　　

大

(S≦1)

８０

Ｈ２

　

‾

　

Ｈ１

y

lｖ3pBｔ2

(4.9)

(4.8)

　　　　　　　

七ａｎφ

　　　　　　　　　　　　　　　　　　　　

火
（エー1) For, 0≦七≦s/v, (0≦Ｔ≦Ｓ）

　

Detected mass　flow　rate　W(t) will　be　given　by

Ｗ(七)゜jl七゛11φ‘７≒)Ｂｔ3十fl|Bt°llφ十

十

　

BH^vpg

　

十
Ｈ:i'^Pb

（工-2) For,　ｓ/７≦　七　≦（Ｈ２　‾　Ｈ:l)/v七゛１φ’（Ｓ　≦　Ｔ　ざ　１）

*) dimension:Less　represen七ation,

一tan』2－

　

゛Ｓ

　　

，

　　　

Ｔ

　

Ξ

　

一二!-an!･ Ｖ七

Ｈ２

　

‾

　

Ｈ:L



Ｗ(七)゜ｖ３ｐＢｔ６１１｀１(卜七2

　

十(Ｂ

　

tanφ

　

十

　

２Ｈ１

　

‾

　

ｓ

　

七anφ)７≒)Ｂ七

（エー3) For,

Ｈ２

　

‾

　

Ｈ１

Ｖ 七ａｎφ

Ｈ２

　

゛Ｈ

H-s

　

十

＜

－

＋
Ｓ
石ｆ

卜申 ｓ２）ｖｐ
Ｂ

(4.10)

(１≦Ｔ≦１十S)

Ｗ(七)゜‾長ﾋﾞinφ゜７≒)Ｂｔ3十(七anφ‾

ﾝ

‾旦ｼﾞΞぞ!圭)Ｖ町)Ｂ七2

＋

-

-

＋

｛で旦勺≒よい2H1 －・ 七ａｎφ　－　こ

とj1｝V2pB七

　

Ｓ

－Ｈ

十

　

Ｂ

　

ｔａｎφ

→〕

^Pb

→川響

→ソy

８１



賜ぎ

→一禰汁リｊ≒誤が心

一尽５{‰ふ争卜％

（工工）

　

When

　

ｓ＞

（工ｴｰ1) For, 0

Ｈ２

　

゛Ｈ１

く

　

七

－

tan

　

φ゛ｓ２ｖｐＢ

(S＞1)

Ｈ２

　

‾

　

Ｈ１

く

ー

　　　　　　　　　　　　　　　　　　　　　

Ｖ

Mass

　

ｆ:Low

　

rate

　

Ｗ(七)

（工エー2) For,
H2

　

‾

　

Ｈ1

V tanφ

タ

Ｈ

（ＯくＴく１）

　

一

　　　

－

七an

　

φ
is

　

given by　Eq.(4.9)

≦七

w(ｔ)＝{写二jjjいｰり

＋

＋

ｔａｎ（１）

H^^vpg
-
tan

　

φ

Ｈ２

　

‾

　

Ｈ

-

tan

　

φ

Ｓ
一
Ｖ

　

く
Ｉ

Ｖ２ｐＢ七

-

→･
ド2‾l'I

　

tan

　

φ

:L

　

。

ｖ

　

Pb

Ｓ

　

七an

　

φ

(1≦Ｔ≦S)

十

　

BH vp

゛Ｂ
-

Ｓ

(4.11)

十（H1‾

　

H2）

→当今ず窓岸不,丿堅勁



ｙ

(4.12)

（工工-3) For,　１≦　ｔ≦;ﾝ石Lj年　十万・（Ｓ≦Ｔ≦１十S）

Mass

　

ｆ:Low rate　W(t) is　given by Eq. (4.11) .

　　　

Ｗｈｅり

　

ｈ

　

°Ｈ:Ｌ’ｍ゛^ss　flow　ｌ‘ate Ｗｌ　is　predicted　by

the

　

equation：

　　　　　　　

１

Ｗ１ = (B十Ｈ

For

　

ｈ

　

°Ｈ２″

１

　

／

　

ｔ゛‘１

　

φ）Ｈ１゛ｐＢ

the

　

mass

　

flow

　

ｒａ七ｅ

　

is

Ｗ２

　

°（Ｂ

　

十Ｈ２

　

／七an

　

φ）Ｈ２゛ｐＢ

(4.13)

(4.14)

・

　　　

Then,七he

　

dimensionless

　

expression

　

will

　

be

　

given

　

by

　　　　　

the

　

following

　

equation：

［Ｗ］＝

W(t) - W:L

W2

　

‾

　

Ｗ1

(4.15)

4.6-3

　　

Discussion

　

of

　

the

　

belt

　

feeder

　　　　

The

　

comparison

　

between

　

the

　

theoretically

　

pre-

dieted

　

step

　

responses

　

and

　

the

　

experimental

　

results

　　　　　　　　　　　　　　　　　　　　　　　　　

８３



is

　

shown

　

in

　

Fig.4.12.

　　

When

　

七he

　

gate

　

is

　

raised,七he

experimental

　　

result shows　ａ　small ｄｅ:Ｌａｙ・　　This

ｄｅ:Lay

　

is

　

ａ七七ributable

　

to

　

the

　

measuring

　

system.

　　

When

the

　

gate

　

is

　

lowered, it　is　found　that　the　coincidence

between

　

the

　

experimental

　

and

　

predicted

　

results

　

is

very

　

good。

　　　　

Fig.4.17

　

shows

　

the

　

prediction

　

of

　

the

　

step

responses

　

detec七ed

　

by

　

the

　

weighing

　

method.

　　

With

regard

　

to

　

the

　

responses

　

of

　

ａ

　

ｂｅ１七

　

feeder,

　

七he

　

pre-

vious

　

studies

　

dealt

　

only

　

with

　

the

　

dead

　

time, or

distance-velocity

　

lag.

　　

But

　

from

　

Fig,4.17, it　can　be

seen

　

that

　

the

　

width

　

of

　

the

　

scale

　

causes

　

ａ

　

serious

delay

　

in

　

the

　

detected

　

responses。

　

This

　

fact

　

must

　

be

taken

　

into

　

consideration

　

in

　

the

　

automa七１ｃ

　

control

　

of

ａ

　

particulate

　

system。

　　　　

Further

　

discussion

　

is

　

concerned

　

with

　

the

　

dead

time

　

observed

　

in

　

the

　

response.

　　

Ａ

　

powder

　

bed

　

may

crumble

　

afte:ｒ

　

ａ

　

step

　

change

　

in

　

the ga七ｅ　opening.

工ｎ

　

which

　

case

　

the

　

dead

　

time

　

does

　

ｎｏ七

　

equal

　

L/v,

where

　

Ｌ

　

is

　

the

　

ｄｉｓ七ance

　

between

　

the

　

gate

　

and

　

the

　

tip

of

　

the

　

belt.

　

and

　

ｖ

　

the

　

belt

　

velocity.

　　

The

　

correct

dead

　

time

　

can

　

be

　

obtained

　

through

　

ａ

　

geometrical

consideration

　

allowing

　

for

　

七he

　

Ｃ「ｕｍｂ:Ling

　

of

　

the

powder

　

bed.

　

工ｎ

　

七his

　

experiment, the　difference

between

　

the

　

correct

　

and

　

the

　

apparen七

　

dead

　

times

　

has

reached

　

５ seconds.　　Dead　七imes　of　this　order　may

become

　

significant

　

in

　

the

　

ａｕ七〇matic

　

control

　

of

multi-component

　

mixing

　

processes.

８４
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Dimensionless

Fig. 4.17　　step

　　　　　　　　　　

by

　

ａ

　

5

time, T

６

responses

　

detected
1 oad　cell

［Ｗ］＝

８５

Ｗ（七）‾Ｗ:L

７ ８

W2
-

W1

Ｔ

　

＝ｙ七ａｎ-φ七

H2

　

‾

　

Ｈ1

　　

＿ｓ

　

tan

　

φ
Ｓ

　　

－

　

-

Ｈ２

　

‾

　

Ｈ１



４．７

　　

Cone:Lusion

　　　　

The

　

static

　

and

　

dynamic

　

characteristics

　

of

　

ａ

screw

　

feeder, Vibra-screw　feeder, F:Lo-tron, and　ａ

belt

　

feeder

　

have

　

been

　

studied

　

experimen七ally.

　　

As

七he

　

result

　

of

　

this

　

study, it　is　found　ｔｈａ七　these

feeders

　

have

　

transfer

　

lags

　

in

　

七heir

　

dynamic

　

chara-

cteris七ics.

　

The

　

gate-operated

　

ｂｅ１七

　

feeder

　

has

　

ａ

ｎｏ七iceable

　

dead

　

time.

　

These

　

dynamic

　

characteristics

are

　

not

　

favorable

　

for

　

control

　

purposes.

　　

The

　

step

responses

　

of

　

the

　

belt

　

feeder

　

have

　

been

　

analysed

theoretically

　

with

　

ｐａｒ七icular

　

consideration

　

of

　

the

shape

　

of

　

the

　

powder

　

bed

　

on

　

the

　

belt.

　

工七

　

is

　

also

shown

　

that

　

the

　

weighing

　

method

　

for

　

detecting

　

the

powder

　

discharge

　

rate

　

of

　

the

　

ｂｅ１七

　

feeder

　

has

　

ａ

serious

　

time

　

delay

　

in

　

the

　

response

　

because

　

of

　

七he

crumbling

　

of

　

the

　

powder。

　

This

　

fact

　

must

　

be

　

七aken

into

　

consideration

　

in

　

the

　

automatic

　

control

　

of

　

ａ

ｐａｒ七iculate

　

process, such　as　ａ　ｍｕ１七i-component

　

・

　

●mixing

　

process.

Ｂ

　
　

Ｈ

訓七）

Nomenclature

width

　

of

　

the

　

powder

　

bed. Fig.4.14

heigh七

　

〇ｆ

　

七he

　

powder

　

bed

length

　

shown

　

in

　

Fig.4.14

86



in(t)

Ｎ

Ｓ

ｓ

　
　

ｔ

　
　

ｖ

(ｔ)

Ｉｔ

　
　

ｌ
Ｊ

則

　

匯

　

ａ

Pb

φ

＝

　

X(t)/tana, length　shown　in　Fig.4.14

number

　

of

　

revolution

　

per

　

unit

　

time

area

　

of

　

the

　

moving

　

plane,

　

Fig.4.15

ｗｉｄ七ｈ

　

of

　

ａ

　

scale

time

belt

　

speed

discharged

　

mass

　

flow

　

rate

dimensionless

　

expression

　

of

　

w(t)

angle, tana　＝　ｔａｎφ/sinφ

ｂｕ:Lk

　

density

　

of

　

powder

angle・(φ

　

Ξ

　

φ１～

　

φg), Fig.4.:L3
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５．１

　　

工ntroduc七ion

CHAPTER

　　

５

TABLE

　　

FEEDER

.･丿

ｊ
＝
・
』
Ｊ
い

1？

=｢Ｗ

よ

　

Ｉ

　　　　

Ａ

　

table

　

feeder

　

is

　

generally

　

used

　

as

　

ａ

　

continuous

七ype

　

powder

　

feeder。

　

Kuwai e七　ａ:Ｌ１），Ｔｏｙａｍａ２）ａｎｄ

Muchi

　

et

　

ａ１３） studied　the　static　characteristics　of

ａ

　

table

　

feeder.

　

Kuwai

　

ｅ七

　

al

　

ｅχamined

　

the

　

mechanics

of

　

the

　

feeding

　

process. However　the　mechanism　is

very

　

comp:Licated

　

and

　

has

　

not

　

been

　

elucida七ed

　

fully

yet.

　

The

　

ef fee七　〇ｆ　七he　七able　friction　factor　on　七he

discharge

　

rate

　

was

　

studied

　

by

　

Toyama.

　　

This

　

effect

may

　

be

　

avoidable

　

if

　

there

　

is

　

ａ

　

gap

　

between

　

the

　

table

and

　

the

　

scraper.

　　

Muchi

　

ｅ七

　

ａ］L were　concerned　with　the

estimation

　

of

　

the

　

discharge

　

rate

　

as

　

．ａ

　

function

　

of

　

the

scraper

　

position.

　

These

　

ｓ七udies

　

on

　

the

　

table

　

feeder

were

　

carried

　

out

　

only

　

for

　

very

　

slow

　

revolutions

　

of

the

　

table.

　　　　　

This

　

chapter

　

will

　

be

　

devo七ed

　

七〇

　

the

　

ｓｔａ七ic

　

and

dynamic

　

problems

　

of

　

the

　

feeder

　

over

　

ａ

　

rather

　

wide･

range

　

of

　

operation.

　

The

　

characteristics

　

of

　

the

feeder

　

when

　

the

　

scraper

　

is

　

opera七ed,

　

and

　

七he

　

chara-

cteris七ics

　

when

　

the

　

number

　

of

　

revolution

　

is

　

varied,

will

　

be

　

discussed

　

in

　

§５．２

　

and

　

§5.3, respec七ively-

§５．４

　

is

　

concerned

　

ｗｉ七ｈ

　

七he

　

flue七uation

　

of

　

the

　

dis-

charged

　

mass

　

flow

　

rate

　

which

　

is

　

observed

　

by

　

ａ

　

flow

　　　　　　　　　　　　　　　　　　　　　　　　　

８９
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meter.

　

Ａ

　

detailed

　

explanation

　

of

　

the

　

step

　

responses

observed

　

when

　

the

　

scraper

　

is

　

operated, will　be　given

in

　

§5.5.

　

Further

　

discussion

　

about

　

the

　

rela七ion

　

be-

tween

　

the

　

dynamic

　

characteris七ics

　

and

　

the

　

powder

　

pro-

perties

　

will

　

be

　

given

　

also.

５．２

　　

Characteristics

　

of

　

the

　

Discharge

　

Rate

　

when

　　　　　

regulated

　

by

　

the

　

Scraper

5.2-1

　　

Apparatus

　

and

　

experimen七al

　

ｍｅ七hods

　　　　

The

　

table

　

feeder

　

used

　

in

　

七his

　

study

　

is

　

shown

schematically

　

in

　

Fig.5.1.

　

The

　

diame七er

　

of

　

the

　

table

is

　

２３

　

cm.

　

The

　

distance

　

between

　

the

　

lower

　

end

　

of

　

the

hopper

　

and

　

the

　

七able (deno七ed　by　Ｈ， or　Ｃａ１:Led　skirt

clearance) is　adjus七able.　The　radia:Ｌ　distance　of

七he

　

scraper

　

ｆ:rom

　

七he

　

center

　

of

　

the

　

七able (denoted　by

R, or　called　scraper　posi七ion) can　ａ:Lso　be　varied

incremen七ally-

　　

Experimen七Ｓ

　

were

　

carried

　

ｏｕ七

　

for

　

the

range

　

of

　

４

　

cm

　

＜

　

Ｒ

　

＜

　

９

　

cm, and　３　cm　＜　Ｈ　＜　５　cm.　The

effects

　

of

　

variation

　

in

　

the

　

inserted

　

angle

　

of

　

the

scraper

　

were

　

also

　

investigated.

　

The

　

level

　

０ｆ

　

powder

in

　

the

　

hopper was　maintained　in　the　range　where　the

effects

　

of

　

varying

　

level

　

were

　

negligible。

　　　　

The

　

apparatus

　

used

　

for

　

studying

　

the

　

dynamic

characteristics

　

of

　

the

　

feeder

　

was

　

described

　

in

　

§4.2.

　　　　

The

　

angular

　

velocity

　

of

　

七he

　

table

　

was

　

maintained

constant

　

at

　

4.62

　

radians

　

per

　

second

　

throughout

　

the

experiments.

　　

The

　

properties

　

of

　

the

　

powder

　

materials

used

　

in

　

the

　

experiments

　

are

　

summarized

　

in

　

Table

　

５。１。

　　　　　　　　　　　　　　　　　　　　　　　　

９０
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Fig.5.1

　　

Schematic

　

diagram　of

　　　　　　　　

ａ

　

table

　

feeder

９:L



Table

　

５．１

　　

Properties

　

of

　

the

　

powder

　

ｍａ七erials

　　　　　　　　　　　　

ｂｕ:Lk

　　　　　　　　　　　

density

Matei°ｉ゛１

　

ｐＢ［ｇ／ｃが］

Mi:Llet
seed

Quartz
sand No.5

Quartz
sand No. 8

Calcitim
carbonate

0.794

1.36

1.23

1.58

angle

　

of

　　

repose

particle
fric七ion

　

factor

f^ [degree]　Ｕ＝七ａｎ尽[-]

33.3

35.5

38.1

40.9

5.2-2

　　

Preliminary

　

observations

0.657

0.713

0.748

0.865

　　

mass

　　

median

　

diame七er
[microns]

980

４４０

６８

350

　　　　

When

　

the

　

feed

　

table

　

is

　

turned, particles　flow

down with　helical　trajectories　ｏｕ七　〇ｆ　七he　hopper,

but

　

ａｆ七er

　

travelling

　

some

　

ｄｉｓ七ance

　

七hey

　

have

　

the

trajectories

　

of

　

concentric

　

circles.

　

Particles

　

out-

side

　

the

　

scraper

　

are

　

discharged

　

from

　

the

　

feeder.

The

　

inserted

　

angle

　

of

　

the

　

scraper

　

is

　

usually

　

fixed,

however

　

it

　

was

　

varied

　

in

　

the

　

course

　

of

　

these

　

ｅχ-

periments.

　

When

　

the

　

angle

　

is

　

ｎｏ七

　

zero, a　dead　zone

in

　

the

　

flow

　

of

　

particles

　

is

　

observed

　

ａ七

　

the

　

tip

　

of

the

　

scraper.

　　

The

　

dead

　

zone

　

is

　

unstable, and　its

growth

　

or

　

disappearance

　

may

　

be

　

observed.

　

As

　

the

９２
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Fig.5.2

　　

Effect

　

of inserted

　　　　　　　　

of

　

scraper

　

on

　

mass

　　　　　　　　

rate

９３

angle

f 1 ow



dead

　

zone

　

grows

　　

ｉ七

　

affects

　

七he

　

mass

　

flow

　

ｒａ七ｅ

　

as

if

　

the

　

scraper

　

position

　

Ｒ was　smaller　than　七he

actual

　

R, which　means　that　the　mass　flow　ｒａ七ｅ　be-

comes

　

larger.

　　

Fig.5.2

　

shows

　

the

　

effect

　

of

　

the

inserted

　

angle

　

of

　

the

　

scraper

　

on

　

the

　

discharged

mass

　

flow

　

rate, in　七he　steady　state。　工七　can　be

seen

　

that

　

the

　

mass

　

flow

　

ｒａ七ｅ

　

varies

　

appreciably

with

　

the

　

inserted

　

angle

　

仏

　　

For

　

large

　

R, the　effect

of

　

inserted

　

angle

　

is

　

small, because　the　amount　of

particles

　

contributed

　

by

　

this

　

ef fee七　is　smal:Ｌ。

However, the　effect　becomes　more　serious　when　Ｒ

is

　

small.

　

As

　

ｍｅｎ七ioned

　

above

　

the

　

dead

　

zone

　

is

unstable, and　causes　the　deteriora七ion　of　the　con-

stant

　

feed

　

property

　

of

　

ａ

　

table

　

feeder。

　

工ｎ

　

七his

regard,

　

the

　

scraper

　

should

　

be

　

inserted

　

tangentially

to

　

ａ

　

concentric

　

circle, tha七　is　ヤ　＝　０．　Then,七he

dead

　

zone

　

disappears

　

and

　

cons七ａｎ七

　

feed

　

properties

may

　

be

　

obtained.

5.2-3

　　

Shape

　

of

　

the

　

powder

　

bed

　

and

　

the

　

mass

　

flow

　　　　　　

rate

　　　　

工ｎ

　

this

　

ｓｅＣ七ion,

　

the

　

shape

　

of

　

七he

　

powder

　

bed

　

on

the

　

table will　be　represented　by　ａ　theoretical　equa-

七ｉｏｎ。

　

The

　

discharged

　

mass

　

ｆ:low

　

ｒａ七．ｅ

　

is

　

also

　

repre-

Ｓｅｎ七ed

　

by

　

an

　

analytical

　

equa七ion, where　the　shape　of

the

　

powder

　

bed

　

is

　

七aken

　

ｉｎ七〇

　

consideration.

　　　　

From

　

the

　

preliminary

　

observations ， it　can　be

said

　

that

　

ａ

　

particle, just　before　reaching　the

　　　　　　　　　　　　　　　　　　　　　　　　

９４



scraper, moves　in　ａ　concentric　circle.　Now　the

equa七ion

　

represen七ing

　

the

　

shape

　

of

　

七he

　

powder

　

bed

can

　

be

　

obtained

　

by

　

giving

　

consideration

　

七〇

　

七he

forces

　

acting

　

on

　

ａ

　

ｐａｒ七icle.

　　

As

　

shown

　

in

　

Fig.5.3,

ｙ

０ 冴

『 らη

Fig. 5.3 Forces

　

acting
on

　

a

　

parti cle

七hese

　

forces

　

are

　

gravi七ａ七ional, centrifugal, and

frictional.

　

工ｆ

　

七he

　

friction

　

factor

　

is

　

deno七ed

　

by

μｆ

　

the

　

following

　

force

　

balance

　

equation

　

can

　

be

written:

　　　

miig cos 9 － ｍμΓＪｓｉｎｅ＝ｍΓω２ｃｏｓｅ十mgsin6

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

(5.1)

This

　

equation

　

indica七es

　

ｔｈａ七

　

七he

　

angle

　

ｏ

　

is

　

ａ

　

func-

tion

　

of

　

position

　

ｒ

　

and

　

angular

　

velocity

　

ω．

　　

That

　

is,

９５



tan

　

e(r,ω）＝
,1.1g_

　

‾.Γ山一2

　

g

　

十μΓω２

(5.2)

Whenぷ３

　

＝

　

0, this　equation　reduces　to　tan　e(r,O)=　ｐ，

which

　

means

　

that

　

the

　

friction

　

factor

　

μ

　

is

　

ａ

　

tangent

of

　

the

　

angle

　

of

　

repose.

　　　　　

Now, from　the　defini七ion　of　七an　6 (r, to), the

following

　

differential

　

equa七ion

　

is

　

also

　

ｅｓ七ablished.

並。＿匹ニヱ止

dr

　　　　　　

ｇ十μΓω２

(5.3)

工ntegration

　

of

　

this

　

equation

　

under

　

七he

　

condi七ion

ｙ°Y at r = R,

gives

　

us

ｙ

　

°Ｙ

　

－
ω２
{１＋

・
一

ｹト犬ﾄｻ嵩于く(1=心)

(5.4)

which

　

is

　

the

　

equation

　

for

　

representing

　

七he

　

shape

　

of

the

　

powder

　

bed.

　　

When

　

Ｒ deno七es　the　scraper　position

and

　

Ｔ

　

denotes

　

the

　

height

　

of

　

the

　

powder

　

bed

　

ａ七

　

ｒ

　

゛

　

R,

the

　

discharge

　

rate

　

Ｗ will　be　given　by　the　following

equation。

　　　　　　　　　　　　　　　　　　　　　　　

９６



Ｗ

　

＝

ｐＢω

Ｆ‾

ｊ
ｏ

Ｙ

7T「 My

　

－

よ

０

Y

　

fTR^y

　

｝

By

　

use

　

of

　

Eq.

　

(5.3), this　equation　can　be　rewritten

as

　

follows：

Ｗ

　

＝
pＢω

‾「 1°2｛ﾌﾞｻ‾ﾆｺﾞﾌﾟうd17 - YR^ } (5.5)

工ｎ

　

this

　

equa七ion, rm　represen七ｓ　七he　maximum　radius

of

　

the

　

ｐ（?wder

　

bed, which　can　be　obtained　as　ｒ　for

ｙ

　

＝

　

Ｏ

　

in

　

Eq.

　

(5.4).

　

Eq.(5.5) may　be　ｉｎ七egrated　七〇

yield

Ｗ

　

＝

＋

｜

pＢω

‾Ｆ
［（μ十 仁一（添卜一（寺）2（≒心）

打水)(≒2¨2叫言)31寸ケ

_t. (y. 3　－　R3）－ＹＲ2　1
(5.6)

This

　

is

　

the

　

equation

　

for

　

predic七ing

　

七he

　

mass

　

flow

rate,

　

where

　

the

　

shape

　

of

　

the

　

powder

　

bed

　

is

　

七aken

into

　

consideration.

　　　　　

Equation (5.6) may　be　rewri七七en　as　ａ　dimension-

less

　

expression

　

as

　

follows：

　　　　　　　　　　　　　　　　　　　　　　　　

９７



ヱ

ｐＢω

L

Ｒ3

-

-

【

(U十
ド士汀(≒

ベ冊)三芋と卜才リー!)

　　

Ｙ
－

　

一

　　

匠

(5.7)

where Ｚ is ａ centrifugal ef fee七number (RjJ^/g), and

Rm

　

is

　

the

　

dimensionless

　

ｍａχimum

　

radius

　

of

　

the

　

powd乱

bed (　ｒｍ／Ｒ）。

5.2-4

　　

Ｅχperimental

　

results

　

and

　

discussion

　

on

　

ピト

　　　　　　　

shape

　

of

　

the

　

powder

　

bed

　

and

　

the

　

discharge：

　　　　　　　

mass

　

flow

　

rate

　　　　　

The

　

shape

　

of

　

the

　

powder

　

bed

　

was

　

projected

　

ＯＰ'“

screen

　

by

　

means

　

of

　

ａ

　

beam

　

of

　

parallel

　

light

　

unde･．

steady

　

Ｓｔａ七ｅ

　

conditions.

　

The

　

projected

　

profile

　

ｗこえＳ

transcribed

　

onto

　

rectilinear

　

graph

　

paper.

　　

These

　

ex-

perimental

　

profiles,are

　

compared

　

ｗｉ七ｈ

　

七he

　

calculatec

ones

　

in

　

Fig.5.4,

　

which

　

shows

　

ｓａ七isfactory

　

ｃｏｉｎｃｉｄｅｎｃご

　　　　　

Fig.5.5

　

compares

　

the

　

measured

　

and

　

predicted

　

mass

flow

　

rates.

　

工ｎ

　

this

　

ｐ:redic七ion, measured　Ｙ　values

were

　

used。

　

工ｆ

　

the

　

shape

　

of

　

the

　

powder

　

bed

　

is

　

appro--丿

imated

　

by

　

ａ

　

trapezium;

９８
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Fig.5.4

　　

Shape

　

of

　

powder

　

bed

　　　　　　　　　

ω＝

　

4.62

　

Irad/sec］
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Fig.5.5

　

Mass f1 ow rate

　　

as

　

ａ

　

function

　

of

　　

scraper

　

posi ti on

　　

u=4.62

　

Irad/sec］

○
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Ａ
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H=3.5cin
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ｎ
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II

H=3.5

　

１１

Theoretical

　

lines
are

　

ｏｂ七ained

　

by
Eq.(5.6)

Fi g . 5 . 6　　Mass　f 1 ow　rate

　　　

calculated

　

by

　

the

　　　

approximate

　

equation

(the

　

shape

　

of

　

the
powder bed　is　ｎｏ七
considered)



y = Y - tan 0　・(r - R) (5.8)

then

　

an

　

approximate

　

equa七ion

　

for

　

mass

　

flow

　

rate

　

may

be

　

written

　

as

　

ｆｏ１:Lows;

ｗ＝響tan e ^ｷ石丿卜了　十Ｒ） (5.9)

where

　

ｅ

　

is

　

ａ

　

conStan七

　

angle, but　not　the　ａｎｇ:Le　of

repose.

　　

Predicted

　

results

　

obtained

　

using

　

this

　

equa-

tion

　

are

　

shown

　

in

　

Fig.5.6 .　From　ａ　comparison　between

Fig. 5.5　and　Fig.5.6, i七　can　be　recognized　ｔｈａ七　the.

shape

　

of

　

the

　

powder

　

bed

　

must

　

be

　

taken

　

into

　

considera-

tion

　

when

　

七he

　

angular

　

･velocity

　

ω

　

is

　

large.

　　

Equation

(5.5)

　

or

　　

(5.6)

　

was

　

examined

　

under

　

the

　

condi七ion

　

of

ω

　

゜

　

constant

　

for

　

the

　

purposes

　

of

　

this

　

section, but

七he

　

subject will　be　discussed　further　in　§５．３with

varying

　

angular

　

veloci七ｙ・

5.2-5

　　

Dynamic

　

characteristics

　

and

　

analysis

　　　　　

工ｎ

　

accordance

　

ｗｉ七ｈ

　

the

　

conclusions

　

reached

　

in

§5.2-2, the　scraper　was　inserted　七angen七ially　七〇　ａ

concentric

　

circ:Le, and　was　mounted　so　ｔｈａ七　ｉ七　could

be

　

moved

　

successively

　

from

　

one

　

position

　

to

　

another

101



along

　

ａ

　

selected

　

diameter of　the　table.　　Ａ　step

change in　the　position　of　the　scraper　produces　ａ

change in　the　discharge　rate, which　is　recorded

as

　

shown

　

in

　

Fig.5.8.

　　

There

　

are

　

two

　

types

　

of

　

res-

ponse

　

according

　

to

　

the

　

kind

　

of

　

powder material　and

the

　

operating

　

conditions.

　

These

　

factors

　

will

　

be

discussed

　

in

　

detail

　

in

　

§5.5.

　　　　　

Pig.5.7

　

shows

　

the

　

approximate

　

shape

　

of

　

the

powder

　

bed

　

after

　

ａ

　

step

　

decrease

　

in

　

the

　

position

　

of

the

　

scraper。

　　　　　　　　　　　　　　　　　　　　　　　　　

恥

Fig.5. 7　　Shape　of　the　powder　bed

　　　　　　　

after

　

a

　

step

　

change

　

in

　　　　　　　

the

　

position

　

of

　

the

　

scraper

In

　

this

　

context

　

the

　

term decrease　means　that　the

scraper

　

blade

　

is

　

moved

　

closer

　

to

　

the

　

center

　

of

　

the

feed

　

table.

　

AOG

　

is

　

ａ

　

final

　

section

　

of

　

the

　

initial

bad.

　

？he mass　flow　rate　at which　the　powder　enters

the

　

face

　

ABCO

　

Is
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w * °

ｐＢω

‾ｒ‾ R2（ｙO十
１

－
３
Ｒ tan　ｅ） (5.10)

and

　

the

　

rate

　

at

　

which

　

it

　

leaves

　

the

　

face

　

DEO

　

is

ｗ０１
°与ｒｍ１２　ω　tan　　ｅ (5.11)

where

　

^ml

　

is

　

the

　

maximum

　

radius

　

OE.

　

工ｎ

　

addition,

powder

　

flows

　

down

　

from

　

the

　

hopper

　

at

　

ａ

　

ｆ:Low

　

rate

denoted

　

by

　

ＷＨ″which may　be　equal　七〇　the　mass　ｆ:Low

rate

　

at

　

the

　

steady

　

ｓ七ate.

　

Now, from　the　material

balance, we　have

０１ (5.12)

Combining

　

Eqs.(5.10), (5.11) and (5.12), the　max-

imum

　

radius

　

^ml

　

is

　

obtained

　

as

　

ｆｏ:Llows：

^ml

　

°
１

　

十

３

＋

ｅ

１０３

６

　

ＷＨ

R^B ω

　

tan

　

ｅ
(5.13)

Ｒ

ｙｏ
-
tan

Therefore, when　the　table　turns　once, the　height　of

七he

　

powder

　

bed

　

at

　

ｒ

　

＝

　

Ｒ

　

is

　

given

　

by



ｙ１ ゛（ｒｍ１ ’ R) tan 0

＝Ｒ（

　　　　　　　　

３

ｙｎ

　

°Ｒ(１

Ｗ

　

。当亡

　

ｎ

　　　

２

ンレ

１

　

十

３ ｙｏ

R tanfl

３

　

^n-l
-
R tanO

＋
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- 1) tan　ｅ

(5.14)

－

　

ﾕ.)tan

　

ｅ

(5.15)

may be　Ob-

(5.16)

Ｒ３ｐＢω

　

tan6

Then, the　height　of　the　powder　bed　ａ七　ｒ　＝　R, at　the

n-th

　

revolution

　

will

　

be

　

represented

　

by

　

the

　

following

equation:

R3

６

　

ＷＨ
-

ｐＢω

　

tane

The

　

mass

　

flow

　

rate

　

ｃ〇rresponding

　

to

　

ｙｎ

tained

　

from

　

the

　

following

　

equa七ｉｏｎ：

詣ﾄ(ｷJド心)

When

　

ｙＯ

　

and ＷＨ（゜W) ai°ｅ　given　befoi：ｅｈ°nd,　the　step

response

　

can

　

be

　

predicted

　

by

　

Eqs.

　

(5.15) and (5.16).

The

　

comparisonI

　

ｂｅ七ween

　

七he

　

experimen七al

　

step

　

res-

ponses

　

and

　

the

　

predicted

　

ones

　

is

　

shown

　

in

　

Fig.5.8.

Both

　

the

　

derivative

　

and

　

proportional

　

ty ?ｅ　responses



qμaiiz sand No. 8

凶ｎｅ particles )

H＝3･5 cm

R = 8,3 4 6.7 cm

revoluiion of table

　

(1-36 sec)

millet seed

(coarse particles)

H=3cm

Rｚ5･6 4 4,8 cm

4.90 kg/min

7.10 kg/mi n

　

-theore-tical
ﾚ匹］

Fig. 5. 8　　step　responses　of　ａ　table　feeder

　　　　　　　　　　　　

03=4.62［rad/sec］

　　　　　　　　　　

Theoretical

　

line

　

is

　

obtained

　　　　　　　　　　

by

　

Eq. (5.15) and (5.16) .
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are

　

represented

　

satisfactorily.

　　

The

　

theoretical

　

line

wi 11　ｂｅ･smoothed,　if　the　crumbling　of　七he　powder　bed

shown

　

as

　

AGED

　

in

　

Fig. 5.7　is　七aken　into　consideration.

５．３

　　

Characteristics

　

of

　

the

　

Discharge

　

Ｒａ七ｅ

　

when

　　　　　

regulated

　

by

　

changing

　

七he

　

Rotational

　

Speed

　

of

　　　　　

the

　

Table

5.3-1

　　

Apparatus

　

and

　

experimental

　

methods

　　　　　

The

　

table

　

feeder

　

used

　

in

　

this

　

study

　

is

　

shown

　

in

Fig.5.9.

　

As

　

described

　

already, in　accordance　with

the

　

results

　

obtained

　

in

　

§5.2-2, the　七ip　of　the

scraper

　

is

　

inserted

　

tangen七ｉａ１:3-y

　

to

　

ａ

　

concentric

　　

・

circle, and　七he　blade　moun七ed　so　that　it　moved

along

　

ａ

　

selected

　

diameter

　

of

　

the

　

table.

　

工ｎ

　

this

ｓ七udy.

　

the

　

scraper

　

is

　

fixed

　

ａ七

　

seve:ral

　

positions

corresponding

　

to

　

pre-selected

　

values

　

of

　

R,

　

and

　

the

rotational

　

speed

　

of

　

七he

　

table

　

is

　

varied

　

in

　

the

range of 0) = 0～３　rad/sec.　Responses　to step

changes

　

in

　

the

　

rate

　

of

　

revolution

　

are

　

obtained

　

with

the

　

apparatus

　

shown

　

in

　

§4.2.

　

The

　

powder

　

ｍａ七erials

used

　

are

　

quartz

　

sand No. 5,　quartz　sand No.8, glass

beads ｆ　and　millet　seeds ．　　Their　properties　are　shown

in

　

Table

　

5.2.

１０６



礪S －300φ-，
冨加

Fig. 5.9　　Schemati c　diagram　of

　　　　　　　　

a table feeder
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Tａｂ:Le

　

５．２

　　

Properties

　

of

　

the

　

powder

　

materials

Material

Quartz

　

sand
Ｎ０．５

Quartz

　

sand
Ｎ０．８

Glass

　

beads

Millet

　

seeds

　

Bulk

　　　　

density
p (g/cm3)

1.36

1.23

1.47

0.79

Angle

　

of

　

repose
f (degr)
-

　

35.5

38.1

24.0

33.3

5.3-2

　　

Ｓ七atic

　

characteris七ics

Mass
median

　

dia.

p50(microns

440

６８

438

９８０

　　　　　

Ａ

　

set

　

of

　

results

　

showing

　

the

　

discharged

　

mass

flow

　

rate

　

as

　

ａ

　

function

　

of

　

table

　

velocity

　

in

　

七he

steady

　

state

　

is

　

shown

　

in

　

Fig.5.10.

　

工七

　

is

　

found

　

that

the

　

mass

　

flow

　

rate

　

is

　

in

　

proportion

　

七〇

　

the

　

angular

velocity

　

ω

　

up

　

七〇

　

１

　

rad/sec.

　　

within

　

this

　

operating

range, the　approxima七ｅ　equa七ion (5.9) is　applicable.

For

　

the

　

limit

　

of

　

the

　

ranｑｅ，　where

　

the

　

mass

　

flow

　

rate

is

　

proportional

　

七〇

　

the

　

angular

　

velocity.七he

　

corre-

spending

　

Ｃｅｎ七rifugal

　

effec七

　

number

　

Ｚ

　

ｉｓ　about　０ 。００５．

As

　

the

　

dimensionless

　

expression (5.7) for　七he　mass

flow

　

rate

　

also

　

contains

　

七he

　

dimensionless

　

maximum

radius

　

Ｒｍ

　

of

　

the

　

powder

　

bed, the　limi七　is　also　ａ

　　　　　　　　　　　　　　　　　　　　　　　　　

１０８
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５

　
　

１
§

Ｍ
　
ａ
ｊ
ｅ
ｊ
　
M
o
ｕ
　
ｓ
ｓ
ｅ
Σ

Quartz sand No.5

H=3cm

　　　

1

　　　　

2

　　　

3

　　　

4

Angular velocity･i)(rad/sec)

Fig. 5.10 Mass flow rate
as

　

a function of the
angular

　

veloci ty　of　a
table

｜ ｜

Eq

Eq

(5.9)

(5.17)

Fig.5

　

the
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func七£ｏｎof lU. However,七he ｃｅｎ七rifugal effect

number

　

can be used as an approximation of the limit.

工ｎ

　

practice/

　

the

　

operating

　

range

　

of

　

the

　

table

　

feeder

seems

　

to

　

be

　

in

　

七his

　

region。

　　　　

On

　

the

　

other

　

hand/七he

　

mass

　

flow

　

rate

　

at

　

higher

angular veloci七ｙ（0.02　く　Z) can be　estimated by Eqs.

(5.4) and (5.5).　　For　rather　low　speed　revolution,

（0.005く

　

Ｚく

　

0.02), the　shape　of　the　powder bed　out-

side

　

the

　

scraper may be　approximated by　ａ　straight

line.

　　

Then

　

Eq.

　

(5.5) gives　the　ｆ０１:Lowing　equa七ｉｏｎ：

　　　　

ｐＢωｙ
Ｗ°マ（ｒｍ２十ｒｍＲ －２　Ｒ２） (5.17)

where

　

ｒｍ can be　obtained　as　ｒ　for ｙ °Ｏ　in Eq.(5.4)・

The

　

mass

　

flow

　

rate

　

calculated

　

by

　

this

　

equation

　

is

represen七ed

　

by

　

ａ

　

solid

　

line

　

in

　

Fig, 5.10.　The　ｄｏ七七ed

line

　

in

　

the

　

same

　

figure

　

shows

　

ａ

　

result

　

calcula七ed

using Eq. (5.9) .　工七　is　recognized　that Eq.(5.7)　can

be

　

used with　fairly　good　accuracy　when　the　angu:Lar

velocity

　

ω

　

is

　

smaller

　

七han

　

ｌ

　

rad/sec (Zく　0.005）．

However, for　higher　values　of　ω　this　equation　may

ｎｏ七

　

be

　

applied.

　　

Conversely, Eq.(5.17) is　applicable

to

　

rather

　

high

　

values

　

of

　

ω（0.005く

　

Ｚ

　

＜

　

0.02). The

lower

　

accuracy

　

of

　

the

　

estimation

　

for

　

samll

　

Ｒ means

that

　

the

　

approxima七ion

　

for

　

the

　

shape

　

of

　

the

　

powder

bed deteriorates due　to　the　curvature　in　the　shape

of

　

the

　

powder

　

bed.

　　　　　

工七

　

is

　

also

　

found

　

七ｈａ七

　

the

　

mass

　

flow

　

rate

　

in-

creases

　

exponentially

　

in

　

七he

　

range

　

of

　

ω

　

〉２

　

rad/sec

]．１０



as

　

shown･ in　Fig.5.11

5.3-3

　　

Dynamic

　

characteristics

　　　　　

Responses

　

of

　

the

　

discharged

　

mass

　

flow

　

rate

　

to

ａ

　

step

　

change

　

in

　

angular

　

velocity

　

of

　

the

　

table

　

are

shown

　

in

　

Fig 。５。:Ｌ２．　工七　is　found　that　the　responses

are

　

divided

　

into

　

two

　

groups

　

as

　

in

　

the

　

case

　

of

§5.2-5, and　they　ａｒｅ：

(1

(2

Proportional

　

type

　

response

　

(Fig.5.12-a)

Derivative

　

type

　

response

　

(Fig.5.12-b)

Proportional

　

type

　

responses

　

are

　

observed

　

when

　

the

scraper

　

position

　

Ｒ

　

is

　

small.

　

Derivative

　

type

　

re-

sponses

　

are

　

observed

　

at

　

large

　

Ｒ．

　

when

　

the

　

angular

velocity

　

of

　

the

　

table

　

is

　

decreased

　

step

　

wise, these

七wo

　

types

　

of

　

responses

　

are

　

also

　

observed.

　　

工ｆ

　

the

shape

　

of

　

the

　

powder

　

bed

　

does ．ｎｏ七　vary　due　七〇　the

step

　

change,

　

the

　

bed

　

height

　

Ｙ

　

at

　

the

　

scraper

　

does

not

　

vary

　

ｅｉ七her, and　step　responses　of　the　propor-

tional

　

type

　

are

　

observed.

　　

However,

　

ａ

　

step

　

increase

of

　

the

　

angular

　

velocity

　

brings

　

about

　

an

　

expansion

of

　

the

　

powder

　

bed.

　

This

　

expansion

　

may

　

arise

　

from

the

　

tangential

　

force

　

ｒｌｄω/dtI/ which　acts　on　the

powder

　

bed

　

in

　

the

　

reverse

　

direc七ion

　

七〇

　

that

　

of

　

re-

volution.

　　

On

　　

the

　

other

　

hand, a　step　decrease　of

the

　

angular

　

velocity

　

ａｃ七ｓ

　

so

　

that

　

七he

　

tangential

force

　

on

　

the

　

powder bed　is　in　the　dire 3七ion　of

　　　　　　　　　　　　　　　　　　　　　　　　　

１１１



<u=2.3--

　　

(rad/sec)

W=2A(g/sec)

　

(rad/sec)

W=7.5(g/sec)

I
step input

(a) R=8cm, H=2cm

　　　　

glass

　

beads

(b) R=10cm, H=2cm

　　　

glass

　

beads

Fig.5.1 ２ step responses of ａ tab!ｅ feeder

　　　　　　

(Rate

　

of

　

revolution was　changed)
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revolution, and　the　powder　bed　shrinks.　The　effec-

　

tive

　

time

　

of

　

this

　

ａｃ七ion may　be　ｖｅ:ry　short.　　工ｎ　this

　

short

　

period

　

of

　

time,

　

the

　

shape

　

of

　

the

　

powder

　

bed

　

varies/

　

and

　

gradually

　

tends

　

to

　

that

　

of

　

the

　

ｓ七eady

　

state.

　　

Expansion

　

of

　

the

　

powder

　

bed

　

brings

　

about

　

an

increase

　

of

　

the

　

mass

　

flow

　

rate

　

of

　

the

　

powder, and

　

the

　

shrinkage

　

brings

　

abou七

　

ａ

　

decrease.

　

Therefore,

　

the

　

responses

　

will

　

be

　

derivative

　

in

　

ｎａ七ｕｒｅ。

　　　　　　

When

　

the

　

scraper

　

position

　

Ｒ

　

is

　

small,

　

the

　

ｅｆ’

　

feet

　

of

　

the

　

force

　

ｒｌｄω/dtlis

　

also

　

small.

　　

Apart

　

from

　

this

　

fact, the　distance　between　the　tip　of　七he

　

scraper

　

and

　

the

　

discharge

　

ｐａｒ七

　

〇ｆ

　

the

　

table

　

is

　

:Large.

　　

Therefore, the　response　in　七his　case　is

　

made

　

smoothly　while

　

the

　

powder

　

moves

　

along

　

the

　

scraper,

　

and

　

thus

　

loses

　

its

　

derivative

　

nature.

５．４

　　

Flue七uation

　

of

　

the

　

Mass

　

Flow

　

Ｒａ七ｅ

　　　　　

Periodic

　

flue七uation

　

of

　

七he

　

discharged

　

mass

flow

　

rate

　

as

　

shown

　

in

　

Fig.5.12, was　observed　using

the

　

工mpact-Line

　

flow

　

meter.

　

工七

　

is

　

found

　

that

　

the

period

　

coincides

　

ｗｉ七ｈ

　

that

　

of

　

revo:Lｕ七ion

　

of

　

the

table。

　

This

　

section

　

discusses

　

七he

　

cause

　

of

　

七his

fluctuation

　

and

　

the

　

ｒｅ:Lationship

　

between

　

七he

　

aitipli-

七ude

　

and

　

the

　

rate

　

of

　

revolution

　

of

　

the

　

七able.

5.4-1

　　

Cause

　

of

　

七he

　

flue七ｕａ七ion

To

　

avoid

　

comp:Lication,

　

the

　

工mpact-Line

　

flow

１１３



meter

　

and

　

the motor　drive　were　removed　from七he

system.

　　

The

　

table

　

was

　

七urned

　

slowly

　

by

　

manual

operation, and　the　discharged　powder was　sampled

for

　

each

　

rotation

　

of

　

６０°．

　

That

　

is, six　samples

were

　

collected

　

each

　

revolu七ion.

　

The

　

fluctuations

determined

　

in

　

七his

　

way

　

are

　

shown

　

in

　

Fig.5.13.

　

The

lines

　

in

　

this

　

figu:re

　

indicate

　

the

　

sinusoidal

　

nature

of

　

the

　

results.

　　

These

　

preliminary

　

data

　

show

　

that

the

　

cause

　

of

　

the

　

fluctuation

　

is

　

in

　

七he

　

table

　

feeder

itself.

　　

The

　

observations

　

concerning

　

this

　

fluctu-

ation　are　as　follows：

［Summary

　

of

　

observations］

（１）

　

The

　

recorded mass　flow　ｒａ七ｅ　can　be　approximated

by

　

ａ

　

sine

　

curve

　

whose

　

period

　

coincides

　

ｗｉ七ｈ

　

that

　

of

the

　

revolution

　

of

　

the

　

七able.

（２）

　

The

　

edge

　

of

　

the

　

table

　

makes

　

ａ

　

ｖｅｒ七ical-sinu-

soidal

　

motion

　

ｗｉ七ｈ

　

amplitude

　

of

　

about

　

ｌ

　

mm.

　

The

horizontal

　

motion

　

is

　

negligible.

　

Ａｓ･

　

ａ

　

result

　

of

七his

　

vertical

　

oscillation.

　

the

　

gap

　

between

　

the

　

ｔａｂ:Le

and

　

七he

　

scraper

　

varies

　

periodically,七he

　

period

　

CO-

inciding

　

with

　

七hat

　

of

　

the

　

revolution of　the　table。

　　　　　

The

　

observed

　

behaviour

　

could

　

originate

　

in

　

ａ

niimber

　

of ways.　　These　are　listed　ｂｅ:Low.

［Possible

　

causes］

（ｉ）

　

The

　

connection

　

between

　

七he

　

table

　

and

　

the

　

shaft

of

　

revolution

　

is

　

ｎｏ七

　

perpendicular.
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Fig. 5.･１３　Fluctuation　of mass　flow　rate

”･

　　

(weight

　

of

　

the

　

powder

　

ｓａｍｐ;Ｌｅｄ

　　　　

while

　

the

　

七able

　

was

　

turned

　　　　

slowly

　

七hrough

　

６０°）
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(ii)

　

The

　

shaf七

　

〇ｆ

　

revolution

　

is

　

not

　

vertical

(iii)

　

Ａ combination　of　the　above　causes・

(iv)

　

The

　

center

　

line

　

of

　

七he

　

hopper

　

does

　

not

　

coincide

with

　

that

　

of

　

the

　

table.

（ｖ）

　

The

　

center

　

of

　

the

　

table

　

makes

　

ａ

　

circular

　

motion

because

　

the

　

shaft

　

is

　

bent

　

ｓ:Lightly・

(vi)

　

The

　

center

　

of

　

the

　

table

　

makes

　

ａ

　

elliptical

motion.

(vii)

　

The

　

scraper

　

is

　

not

　

horizontal.

(viii)

　

The

　

rotation

　

of

　

the

　

motor

　

drive

　

has

　

some

irregularity･

　　　　　

None

　

of

　

the

　

pos"tulated

　

conditions (i), (ii),

(iv), (v) or (vii) causes　fluctuation　of　the　dis-　’

charged mass　flow　ｒａ七ｅ　in　the　steady　state.　工ｎ　the

case

　

of (vi)　or　(viii), the　fluctuation　will　arise　in

the

　

steady

　

ｓ七ate, but　七hese　situations　conflict　with

observa七ions (1) and (2).　Situa七ion (iii), however,

may

　

cause

　

the

　

fluctua七ion

　

in

　

steady

　

state, and　also

satisfies

　

the

　

observed

　

facts.

　　

This

　

may

　

be

　

ｅχplained

as

　

follows。

　　　　　

The

　

powder

　

bed

　

shown

　

in

　

Fig.5.14-a, will　turn

to

　

Fig.5.14-b

　

after

　

ａ

　

revolu七ion

　

of

　

１８００

　

of

　

the

table。

　

工七

　

is

　

assumed

　

that

　

the

　

table

　

is

　

horizontal

in Fig.5.14-a, in which　case　angle　ｏ･ ＝？ｒ and 七ｈ６

powder

　

bed

　

is

　

stable.

　　

The

　

dotted

　

line

　

in

　

Fig.5.14-b

shows

　

the

　

powder bed　七urned　ｔｈ:rough　1800．　　工ｎ　this

situa七ion,

　

the

　

angle

　

日

　

＜？ｒ，ａｎｄ

　

the powder bed

１１６



　　

ｄり″「

r<y･V (Stable)

■●|・－¶-・-4-al

　　　　

aり「

β（y･, (Stable)

l）芦f (Unstable)

Fig.5.14

　

Explanation

　

for

　

the

　

cause

　

of

　

the

　　　　　　

fluctuation

　

i n　mass　f 1 ow　rate

would

　

appear

　

to

　

be

　

stable.

　　

However, the　angle

Ｔ〉y*r, and the powder bed crumbles　七〇take the

shape indicated　by　the　solid　line.　　Consequently,

the

　

powde:ｒ

　

bed

　

becomes

　

stable.

　

Ａ

　

further

　

rotation

of

　

１８００

　

is

　

denoted by　the　ｄｏ七ted　line　in　Fig 。５。14-a
ダ

where

　

the

　

powder

　

bed

　

is

　

also

　

ｓ七able.

　　

工七

　

is

　

clear

that

　

the

　

discharged mass　flow　ｒａ七e　f:Luctuates　peri-

odically

　

in

　

the

　

steady

　

state.

　

The

　

observed

　

facts(1)

and (2) are　also　satisfied.

5.4-2

　　

Amplitude

　

of

　

the

　

fluctua七ion

Fig.5.15

　

shows

　

the

　

variation

　

of

　

the

　

amplitude

　　　　　　　　　　　　　　　　　　　

１１７



of

　

the

　

fluctuations

　

as

　

ａ

　

function

　

of

　

the

　

angular

veloci七ｙ

　

ω

　

of

　

the

　

table.

　　

工七

　

is

　

found

　

that

　

七he

amplitude

　

increases

　

linearly

　

with

　

ω

　

at

　

small

　

ω/ and

ｔｈａ七

　

it decreases　in　the　range　of　ω　＝　１．５　～　２．５

rad/sec.

　

The

　

amplitude

　

increases

　

again/ at　higher

rota七ional

　

speeds.

　　

The

　

data

　

shown

　

in

　

Fig 。５。１３　are

represen七ed

　

by

　

A' sinφ, where　φ　is　the　angle　of　re-

volution.

　

Then

　

the

　

flue七uation

　

△Ｗ

　

of

　

the

　

mass

　

flow

rate

　

will

　

be

　

represented

　

by

　

七he

　

following

　

equation：

△Ｗ＝Ａ ｓｉｎωｔ，　　Ａ
-

-

-
Ａ゛ω (5.18)

because

　

the

　

following

　

relation

　

is

　

applicable.

ｆ
ｏ A' sinφｄφ　＝

ｙtt/io

　　　

Asin

　

ω七

　

ｄ七 (5.19)

Noting

　

that

　

the

　

data

　

shown

　

in

　

Fig.5.13

　

are

　

inte-

grated values　over　６００　of　revolution,the measured

amplitude Ａ”shown　in　the　figure　satisfies　the

following

　

equation：

A"

　

＝

　

j

＝｜

-

-

万
紆

　

Ａ゛ sind) dφ'max

’｀/でiA' sin(φ6
'maχ

√了Ａ･

１１８

(5.20)
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Therefore, the　relation　ｂｅ七ween　the　measured　ampli-

tude Ａ”and　Ａ　is　as　follows：

Ａ＝ユＡ”ω

　　

万
(5.21)

Aｍｐ:Li七udes

　

Ａ

　

calcula七ed

　

by

　

this

　

equation

　

are

　

shown

in

　

Fig.5.15

　　

with

　

ｄｏ七七ed

　

lines.

　

工七

　

is

　

found

　

that

　

the

calculated

　

and

　

ｅχperimental

　

amplitudes

　

are

　

in

　

good

agreement

　

up

　

ｔ０

　

１

　

rad/sec。

　　　　

The

　

trend

　　

of

　

the

　

amplitude

　

over

　

the

　

whole

　

range

may

　

be

　

ｅχplained

　

as

　

ｆｏ１:Lows ：

Let '^1 ゛ｄ Ｔ２ denote　the　time　constants　of　the　measur-

ing

　

system

　

and

　

of

　

another

　

system

　

respec七ively.

　　

Then

the

　

amplitude

　

Ａ

　

in

　

the

　

low

　

frequency

　

range

　

will

　

be

given

　

ｂｙ５）

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

Ｉ

Ａ＝
Ａ゛

/1十（T1ω）
２

ω

/1

　

十（Ｔ２ω）２

where

　

the

　

time

　

constan七

　

Ｔｌ

may

　

be

　

assumed

　

ｔｈａ七

Ｔ１ Ｚ

　

Ｔ２ Ξ

　

Ｔ

(5.22)

is

　

about 0.4　second.　工七

(5.23)

From Eq.(5.22), it　is　found　ｔｈａ七　the　amplitude

becomes

　

ａ maximum　at　ω　こ　１．８　rad/sec.　工ｎ　ａhigher

]．２０



frequency

　

range

　

than

　

this ｚ　（ωＴ　＞〉　ﾕ.), the　ｆｏ:Llowing

equation may be　applicab:Le

Ａ

　

Ｚ

Ａ
へZ
-

Ke

ｋ
－

Ｔ

２

＋

　

１
-

３！

ｋ３
-

Ｔ２

＋

(5.24)

（ｋω）３
-

　

＋

　

●●●●●

　

３！

ω十‥‥‥‥

　

｝

}／(Ｔω)２

(5.25)

(Ｔ

ｋω

-

ω)２

because

　

the

　

mass

　

flow

　

rate

　

increases

　

exponentially
as

　

shown

　

in

　

Fig.5.11.

　

Eq.(5.24) can　be　rewritten　as

follows:

こＫ｛
ユ
２
１

This

　

equation

　

means

　

七hat

　

the

　

amplitude

　

Ａ

　

increases

monotonically

　

with

　

ω

　

in

　

the

　

higher

　

frequency

　

range.

５．５

　　

Intercepted

　

Heigh七

　

〇ｆ

　

the

　

Powder

　

Bed

　

as

　

ａ

　　　　

Function

　

of

　

the

　

Scraper

　

Position

　

ｚ

　

Y-curve

　　　　　

Some

　

complementary

　

explanations

　

for

　

the

　

step

responses

　

of

　

the

　

discharge

　

rate

　

regulated

　

by

　

the

scraper

　

will

　

be

　

given

　

in

　

this

　

section.

　　

As

　

described

in

　

§5.2, there　are　two　types　of　responses　according

to

　

the

　

kind

　

of

　

powder materia:Ｌ　and　the　operating

conditions ．　工七　is　shown　that　the　factors　affecting

the

　

responses

　

are

　

typified

　

by

　

the

　

height

　

of

　

the

　

bed

　　　　　　　　　　　　　　　　　　　　　　　　

]．２１



ワ

尺･Ce･ｓ）

９８

１２２

Fig.5.16

　

Y-data

　

as

　

ａ

　

function

　

of

　

Ｒ

　　　　　　　　　　

(quartz

　

sand No. 5)

at

　

七he

　

poin七

　

〇ｆ

　

ｉｎ七ercep七ion

　

with

　

the

　

scraper

　

in

　

the

steady

　

state.

　　

The

　

height

　

as

　

ａ

　

function

　

of

　

七he

scraper

　

posi七ion

　

is

　

herein

　

called

　

七he

　

Y-curve.

5.5-1

　

Measurements

　

of

　

Y-curve

　　　　　

The

　

table

　

feeder

　

shown

　

in

　

Fig. 5. 9　was　used　in

this

　

study.

　　

The

　

ｍｏ七〇ｒ

　

drive

　

was

　

taken

　

ｏｆｆタ

　

and

　

the

ｔａｂ:Le was　turned　slowly　by　manual　opera七ion.　　After

turning

　

the

　

table

　

for

　

ａ

　

while

　

the

　

steady

　

state

　

was

attained, and　the　height　Ｙ was　measu:red.　The

measurements

　

were

　

carried

　

out

　

varying

　

the

　

scraper

position

　

Ｒ

　

and

　

the

　

skirt-clearance

　

Ｈ．

　　

The

　

powder

materials

　

used

　

are

　

listed

　

in

　

Table

　

５。２．　Flowabili-

ties

　

of

　

these

　

powders

　

increase

　

in

　

the

　

order

　

quar七Ｚ

sand

　

No.8, quar七ｚ　sand　No. 5　and　glass　beads。

　　　　　

Fig 。　５。１６　shows　the　Y-data　for　七he　quartz　sand

３

弓２

｜

０

３

　

4

　　　　

5

　　　　

6

Radi°t position oi scrape「



No. 5.　　工ｎ　this　figure,　the　Y-data　is　represented　as

ａ

　

function

　

of

　

the

　

scraper

　

position

　

Ｒ．

　

Another

　

re-

presentation

　

of

　

the

　

Y-data

　

is

　

ｏｂ七ained, when　ａ　new

variable ｘ　is　introduced,　defined　by　the　following

equation:

Ｘ

　

°Ｒ‘

　

･^0

　

‾
-
tan ？ｒ (5.26)

where

　

χ

　

is

　

the

　

relative

　

position

　

of

　

the

　

scraper with

respect

　

to

　

the

　

intersecting

　

point

　

Ｄ

　

as

　

shown

　

in

　

Ｆｉｇ。

5.19 －ａ．ヽ工ｎ　this　equation, r,. denotes　七he　inside

radius of the hopper outlet pipe, and fr is　the

angle

　

of

　

repose

　

of

　

the

　

powder.

　

Fig.5.:L7-a

　

shows

　

the

replotted

　

data

　

for

　

the

　

quartz

　

sand

　

No. 5　using　the　，

ｒｅ:Lative

　

scraper

　

posi七ion

　

χ。

　

The

　

Y-data

　

for

　

the

various

　

skirt

　

clearances

　

Ｈ

　

are

　

almost

　

fully

　

repre-

sented

　

by

　

one

　

curve。

　

Fig.5.17-b

　

and

　

ｃ

　

show

　

the

　

Ｙ-

data

　

for

　

the

　

quartz

　

sand

　

Ｎ０．８

　

and

　

glass

　

beads ，res-

pectively・

５．５爽２

　　

Explanation

　

of

　

七he

　

自七ep

　

responses

　

of

　

the

　　　　　　

discharge

　

rate

　

regu:Lated

　

by

　

the

　

scraper

　　　　

The

　

slope

　

of

　

the

　

Y-curve

　

in

　

七he

　

range

　

of

　

ｘ

　

＜ Ｏ゛）

is

　

nearly

　

equal

　

to

　

the

　

angle

　

of

　

repose

　

for

　

七he

　

quartz

゛）

　

strictly

　

speaking, in　七he　range　　ｘく　Xc.　　Xc　can

　　　

be

　

determined by Eq. (5.27).
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Fig.5.17

　

Y-data

　

as

　

a

　

function

　

of χ

:Ｌ２４



sand ＮＯ･．５ｆ　is　smaller　than　the　angle　of　repose　for

the

　

quartz

　

sand

　

No. 8,　，ｂｕ七　larger　than　the　angle　of

:repose

　

for

　

the

　

ｇ:Lass

　

beads.

　

工七

　

can

　

be

　

show･ｎ

　

that

the

　

differences

　

of

　

the

　

七ype

　

of

　

ｓ七ep

　

response

　　

are

ａ七七ributable

　

to

　

these

　

variations

　

in

　

七he

　

relation

between

　

the

　

slope

　

of

　

the

　

Y-curve

　

and

　

the

　

angle

　

of

repose.

　　

Consider

　

the

　

case

　

shown

　

in

　

Fig.5.:L8, where

the

　

slope

　

is

　

always

　

smaller

　

than

　

the

　

angle

　

of

　

repose ，

just

　

as

　

for

　

quartz

　

sand

　

No. 8.　As　the　y-curve　re-

presents

　

the

　

height

　

of

　

the

　

powder

　

bed

　

rela七ive

　

to

the

　

scraper

　

position state, it　is　in-

dependsμ七

　

〇ｆ

　

step

　

change

　

in

　

the

　

scraper

　

position.

Fig. 5.18

Explanation

　

of

　

the

　

’
step

　

responses

　

of

　

the
discharge

　

rate

　

regu-
l ated　by　the　scraper

On

　

the

　

other

　

hand, the　powder　bed　is　affected　by　the

step

　

change.

　　

When

　

the

　

scraper

　

position

　

is

　

Ａ

　

or

　　

Ｂ

in

　

Fig.5.18, the　corresponding　powder　bed　in　the

steady state　ｉ芦　denoted　by　ａ　or　ｂ．　　This　is　clear

from

　

the

　

definition

　

of

　

the

　

y-curve.

　

When

　

the

　

scraper

is

　

moved

　

quick:Ly

　

from

　

posi七ion

　

Ａ

　

to

　

B,

　

the

　

powder

　

bed

is

　

not

　

affected

　

for

　

七he

　

七ime

　

of

　

one

　

revolution

　

and

　

is

　　　　　　　　　　　　　　　　　　　　　　　

１２５
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-““゛～～=ｆ

also denoted　by　a. Therefore,七he　height　of　the

powder

　

bed

　

at

　

that

　

time

　

is

　

indicated by yo　on　the

line BB.　　From this　fact　and　the　significance　of　the

Y-curve, it　is　clear　that　the　height　of　the　powder

bed

　

ｙ

　

decreases

　

from

　

ｙｏ

　

to

　

Ｙｏｏｗｉ七ｈ

　

the

　

revolutions

of

　

the

　

table.

　

工ｎ

　

this

　

case/ the　step　response　is　of

the

　

derivative

　

type.

　　

工ｎ

　

ａ

　

similar

　

way, the　step　res-

ponse

　

for

　

the

　

range

　

where

　

the

　

slope

　

of

　

the

　

Y-curve

　

is

larger

　

than

　

the

　

angle

　

of

　

repose/ can　be　shown　to　be

of

　

the

　

time-delay-type.

　　

When

　

the

　

slope

　

of

　

the

　

￥’

curve

　

is

　

equal

　

to

　

the

　

angle

　

of

　

repose

　

七he

　

step

　

res-

ponse

　

is

　

of

　

proportional

　

七ｙｐｅ。

　　　　　

工ｎ

　

this

　

way.

　

the

　

differences

　

ｂｅ七ween

　

the

　

type

of

　

the

　

step

　

responses

　

become

　

explicable.

　

The

　

res-

ponses

　

following

　

Ｓ七ep

　

decreases

　

in

　

the

　

scraper

position

　

Ｒ

　

can

　

also

　

be

　

explained

　

in

　

ａ

　

similar

　

Ｗａｙ；

5.5-3

　　

Ｅｘｐ:Lana七ion

　

of

　

七he

　

effect

　

of

　

the

　

powder

　　　　　　　

properties

　

on

　

the

　

Y-curve

　　　　　

The

　

following

　

discussion

　

is

　

concerned

　

with

　

the

significance

　

of

　

the

　

Y-curve.

　

When

　

the

　

powder

　

bed

　

on

the

　

table

　

reaches

　

the

　

scraper,

　

part

　

of

　

七he

　

powder

bed

　

is

　

separated

　

and

　

discharged

　

and

　

the

　

remainder

　

is

rotated with　the　table　again.　The　powder　bed　cut　by

the

　

scraper

　

crumbles 。　　工ｆ　the　upper　part　of　the

crumbled

　

powder

　

bed

　

is

　

included

　

inside

　

the

　

discharge

pipe.

　

powde:ｒ

　

stored

　

in

　

the

　

hoppe:ｒ

　

flows

　

directly

onto

　

the

　

table

　

through

　

the

　

action

　

of

　

gravity.

　　

The

１２６



critical

　

scrape:ｒ

　

position Xc may　be　assumed　as　ｘ

which

　

satisfies

　

the condition　that　the　area　of　△CEF

is

　

･ｅく7ual

　

to

　

七ｈｅ‘

　

area

　

ABCD

　

in

　

Fig.5.19-a.

　

Then, the

following

　

equation

　

may

　

be

　

ｗｒｉ七七en.

Xc = 6q - Yc /七an Vi°

Ｙ。。万可Ｔ石高石

(5.2ﾌ)

where
″
６
０　deno七es　the　length　五百．　　Now　七he　Y-curve　can

be

　

divided

　

into

　

two

　

parts

　

by

　

fixing

　

the

　

ｃｒｉ七ical

positi‘on

　

Xc

　

such

　

ｔｈａ七･it

　

satisfies

　

the

　

condition

　

ｔｈａ七

the

　

relative

　

scraper

　

posi七ion

　

χ

　

is

　

larger

　

than

　

the

critical

　

position

　

χc, or　ａ１七ernatively, tha七　it

satisfies

　

the

　

condition

　

ｘ

　

＜

　

Xc.

（工）

　

Ｘ

　

＞ｘｃ

　

(cf.

　

Fig.5.19-b)

　　　　　

工ｎ

　

this

　

case

　

the

　

length 6,′Ｆｉｇ°5.19-b, is　ｏｂ‾

served

　

on

　

七he

　

powder

　

bed

　

cut

　

by

　

the

　

scraper.

　　

The

powder

　

bed

　

spreads

　

out

　

further

　

as

　

the

　

table

　

continues

to

　

turn.

　　

The

　

maximum

　

spread-out

　

length

　

in

　

one

　

re-

volution

　

of

　

the

　

table

　

is

　

denoted

　

by

　

６２’

　

That

　

ｉｓ″

during

　

ａ

　

single

　

ｒｏ七ation

　

the

　

spread

　

length

　

varies

progre s sively　from 6:Ｌ　to　６２’　　This　means　that　the

particles

　

are

　

receiving

　

the

　

energy

　

required

　

for

　

七he

spreading

　

ｍｏ七ion

　

from

　

external

　

sources.

　

This

　

work

Ｅ

　

will

　

be

　

ａ

　

function

　

of

　

七he

　

pbsi七ion

　

６

　

of

　

ａ

　

particle.

As sume　that　the work　Ｅ　is　represented by　七he　follow-

ing

　

equation：

　　　　　　　　　　　　　　　　　　　　　　　

１２７



(1)

ズーλｃ

χ＝屹

C）べくXc

ｙ=０

仏

Fig.5.19

　

Rei ati on　between　the　Y-curve

　　　　　　　　　

and

　

the

　

spread

　

out

　

l ength

１２８



dE / d6 ＝］ぷ5o‘ (5.28)

Make the　further　assumption　七hat　the　work Ｅｌ　received

in

　

one

　

revolution

　

of

　

the table　is　constant.　This　is

ａ

　

fairly

　

important

　

assumption, but　in　view　of　the　ｅχ－

periinental

　

results

　

ｏｂ七ained,

　

ｅ・ｇ．

　

Fig.5.21,

　

it

　

seems

reasonable.

　

Then, if　the　scraper　is　not　inserted,

the

　

total

　

spread-out

　

length

　

６

　

ａｆ七er

　

the

　

Ｎ一七ｈ

　

revolu-

tion ｗｉ１:Ｌ　be　givenby

　
　

夕
６

　

で
ｄ６

　

°kNE^ (5.29)

Carrying

　

out

　

the

　

integration

　

of

　

七his

　

equa七ion.

　

the

following

　

expression

　

is

　

obtained:

In 6　゛こそ¬r In N 十百代卜‾rIn {kE^(a十　１）｝

　　　　　　　　　　　　　　　　　　　　　　　　　

（5.30）

This

　

equation

　

means

　

that

　

the

　

log.-log・

　

plot

　

of

　

the

total

　

spread-out

　

length

　

６

　

vs. the　cumulative　number

of

　

revolutions

　

Ｎ

　

is

　

ａ

　

ｓ七raight

　

line, the　slope　of

七ねｅ

　

:Line having　七he　value　l/(a　十　１）．　Fig.5.20　shows

the

　

experimen七al

　

results

　

obtained.

　

The

　

ｄａ七ａmay　be

approximated

　

by

　

ａ

　

ｓ七raight

　

line/

　

and

　

the

　

slope

　

of

the

　

line

　

is

　

about

　

1/4.

　

Therefore, as　far　as　these

data

　

are

　

concerned,七he

　

assumptions

　

made

　

above

　

are
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〔
右
Ｑ
〕
『

ジ
Ｊ
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ｎ
ｏ
　
ｐ
ｏ
ａ
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i
d
ｓ

Fig. 5. 20

e S.Toyo。a's　;juartz sand

血ねIKors' ； ftuactz Ｓ卸d Na5

　　　　

５

cumulolive

　　　

10

aumbei- of revoWtlons

Spread

　

out

　

ｌength
to

　

the

　

cumul ati ve
revolutions

　

50

人/[revj

100

i n relation
number

　

of

admissible, and　ａ　ニ　３．　　From　Eq.(5.30), the　constan七

kE,

　

is obtained　as　ｆｏ:Llows.

kE,

　

° 7≒60
a+1

(5.31)

　　　　

The

　

situation when　the　scraper　is　inserted　as

usual

　

is

　

dealt with　similarly.　　工ｎ　this　case, a　＝　３，

N = 1,　and　the　interval　of　七he　integ:ration　is　６ｒ゛６２°

Therefore,

６

　
　
　
　

１

万 ２

　

６３ｄ(Ｓ

　

゛ｋＥ:Ｌ

　

°

１

　

６０４

130
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The

　

spread-out

　

lengths

　

６
１　and
６２　are　represented　by

the following　equations：

６１
＝

　

χ

　

＋

and

　　

６２

　

°Ｘ

　

＋

χ

　

＝

where.

Ａ
Ｂ
ぐ

Y

●

Y2

十≒/A + V百

＋

－

H2(S

131

０８七ａｎた

4Ｙ4

＋

　

Ｙ１２

-

３３・４５・Ｈ６

(5.33)

う

　　　

Ｙ

tan ９２『

The

　

relation between　ｘ　and　Ｙ　can　be　obtained by

carrying

　

out

　

the

　

ｉｎ七egration

　

of

　

Eq.(5.32) as　follows：

　　

Υ

　　　　　　　　　　

Υ２
-＋

　

-

tan yr　　４Ｈ 七an ｙｒ

０
４ｔａｎ４ｙ「

-

　　　　　

Ａ

　

comparison

　

ｂｅ七ween

　

the

　

calcula七ed

　

and

　

experi-

mental

　

:results

　

for

　

the

　

quartz

　

sand

　

No. 5　is　shown　in

Fig.5.21.

　　

The

　

value

　

of

　

６０

　

used

　

in

　

七his

　

ｃａ:Lculation

is

　

３．５

　

ram which　can　be　obtained　from　Ｆｉｇ。5.17-a.

The

　

coincidence

　

found

　

ｂｅ七ween

　

the

　

calculated

　

and

　

the

experimental

　

results

　

is

　

ｓａ七isfac七〇ry.

　　

As

　

with

　

the

quartz

　

sand

　

No. 8　and　the　glass　beads,　direc七　determi-
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Fig.5.21

　

Compari son　between　the　cal cul ated

　　　　　　　

Y-curve

　

and

　

experimental

　

resul ts

　　　　　　　　　　　

(quartz

　

sand

　

Ｎ０．５）

・｜

Eq

Eq

(5.33)

(5.37)

nation

　

of

　

the

　

values

　

of ６０　canno七　be　carried　out　from

Fig.5.17-b

　

and

　

ｃ．

　

However, assuming　the　trial　value

of

　

６０″these　Y-curves　will　also　be　represen七ed　by

Ｅｑ。(5.33)。

（工工）

　

Ｘ≦Xc (Ｃf Fig.5.:L9-C)

　　　　　

工ｎ

　

this

　

case

　

powder

　

stored

　

in

　

the

　

hopper

　

flows

onto

　

the

　

table

　

under

　

七he

　

ａｃ七ion

　

of

　

gravity.

　　

The

　

rate

at which　the　powder　flows　down　may　be　affec七ed　by　the

length：

　　

Ｙ２
ｍ・ ６

２

１３２



which is　contained　in　the　discharge　pipe　and　shown

as AB　in　Fig.5.19-c.　工ｎ　七he　case　of　ａpowder　of　high

ｆ:Lowability,七he powder downflow-rate ｗｉ１:Ｌincrease

with the　length (yV2H　ｔ゛ ｙ１７゙ ６
2)
because　of the

inertia

　

of

　

the

　

particles.

　

Therefore, the　total

spread-out

　

leng七ｈ

　

６２　will　be　approximated by　the

following

　

equation：

{s2

　

°

　

60

　

十

　

Kfiw‾71ﾐ‾F7

　

‾

　

62} (5.34)

where, <　is　ａ　positive　number.　This　equa七ionmay　be

ｒｅｗ:ritten

　

as

６２
-

-

Ｍ２
-

8k

＋

１

Ｋ
－

＋

-

Ｋ

　

２Ｈ

　

tan yr

133

(5.35)

(5.36)

　

６０

-

１

　

十

　

Ｋ

工ｎ

　

the

　

case

　

of

　

ａ

　

powder

　

of

　

low

　

flowabi:Lity, namely　an

adhesive

　

powder,-

　

七he

　

powder

　

ｆ:Low-ra七ｅ

　

will

　

decrease

゛ith the　length (Y2/2H tan
？１°
‾　62) because

of 七he

adhesive

　

force

　

of

　

the

　

ｐａｒ七icles.

　　

工ｎ

　

this

　

case,

　

the

total

　

spread-out

　

length

　

６
２　will　be　approximated　by

Ｅｑ。(5.35) with　"nega七ive" K.　　Differentia七ing　Eq.

(5.35) wi七ｈ　respec七　七〇　the　parameter　く　gives

ｆ

　
　

一
一



From Eq.(5.27), the　righ七hand　side　of　this　equ
ation

is

　

positive

　

for

　

Ｔ

　

＞

　

YC.

　　

Therefore,

　

the

　

七〇tal

　

spread-

out

　

leng七ｈ

　

６２increases　ｗｉ七ｈ　七ｈ６　parameter　Ｋ・　　when

６２

　

°６０″ｉ七 can　be　seen　from　Eq.(5.35)七ｈａ七Ｋ　＝　Ｏ．

These

　

results

　

can

　

be

　

summarized

　

as

　

ｆｏ１:Loｖjｓ;

χ

　

＝

　

－

where,

（-１く）Ｋ

･Ｔ ６０

　　　

，ｃ

　　

。＿＿ヱ!＿_
-

　

＋

　

-

　　　　　　　　　　　　　

ダ

tan ｙｒ　１ 十Ｋ　　１＋Ｋ　　2Htanyr

for

　

ｘ

　

≦

　

Xc

１

(5.37)

〉

　

Ｏ

　

：

　

for

　

powder

　

of

　

high

　

flowability

　　　　　

such

　

as

　

glass

　

beads

＝

　

Ｏ

　

：

　

for

　

powder

　

of

　

moderate

　

flowabili七ｙ

　　　　　　

such

　

as

　

quartz

　

sand

　

No. 5

＜

　

Ｏ

　

：

　

for

　

powder

　

of

　

low

　

flowability

　　　　　　

such

　

as

　

quartz

　

sand

　

Ｎ０．８

(5.38)

For

　

Ｋ°－１ｙ

　

the

　

corresponding

　

real

　

situation will　be

the

　

failure

　

of

　

the

　

discharge・

　　　　　

From Eg.(5.37), fol:Lowing　equa七ion　is　obtained：

jl荘ｌ°tan y・・H

{1+ k(1で－ｉ･)}２　＞　０

１３４

(5.39)



Furthe･り

　

it

　

Is

　

easily

　

shown

　

that：

|畿［= tan　９･ｒ，　　forＫ　＝　0

Therefore,

and,

|駐･|）

　

tan

　

9r ， for　　Ｋ　〉　0

ll羨［くtan ｙｒ ， for　　Ｋ　く　０

(5.40)

(5.41)

(5.42〉

From the above Eqs 。(5.40～42), Eq。(5.38), and the

discussion

　

in

　

§5.5-2, it　can　be　said　七ｈａｔ：

（ｉ）

　

the

　

step

　

response

　

for

　

ａ

　

powder

　

of ･high　flow-

ability is of the time-delay type,

(ii)

　

the

　

step

　

response

　

for

　

ａ

　

powder

　

of moderate

flowability

　

Is

　

of

　

the

　

proportional

　

type,

(iii)

　

the step response for ａ powder of low flow-

ability is of the derivative type.

　　　　　

As

　

descx･Ibed

　

above, the　step.response　of　the

discharge

　

rate

　

regulated

　

by

　

the

　

scraper

　

has

　　

been

shown

　

in

　

relation

　

to

　

the

　

properties

　

of

　

the

　

powder
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materials

　

and

　

the

　

operating

　

condi七ions ．　The　follow-

ing discussion　is　concerned with　七he mechanism of

powder discharge.　　For　this　purpose,　the　ｆｏ:L:Lowing

experimen七ｓ

　

are

　

carried

　

ｏｕ七。

　　　　　

The

　

feeder

　

is

　

operated

　

ｕｎ七il

　

ａ

　

steady

　

state

　

of

discharge

　

is

　

ａ七七ained,

　

colored

　

particles

　

are

　

then

added

　

to

　

七he

　

hopper.

　　

steady

　

ｓ七ate

　

is

　

ａ七七ained

　

again

after

　

sufficien七

　

revolutions.

　

Then

of

　

Japanese

　

isinglass

　

is

　

added

　

slow

When

　

the

　

solution

　

becomes

　

hard

　

the

ute

　

solution

the

　

hopper.

　

bed

　

is

　

cut.

Fig.

　

5.22

　

shows

　

one

　

of

　

the

　

:results

　

obtained

　

following

the

　

above

　

procedure.

　　　　　

The

　

white

　

part

　

in

　

the

　

figure

　

is

　

ａ

　

dead

　

zone.

Particles

　

move

　

along

　

七he

　

black

　

part

　

and

　

are

　

dis-

charged.

　

The

　

border

　

line

　

between

　

the

　

dead

　

zone

　

and

the

　

moving

　

zone

　

is

　

approχimated

　

by

　

the

　

slip ｌｉｎｅ６）’

calcu:Lated

　

for

　

the

　

horizontal

　

powder

　

bed

　

on

　

which

pressure

　

is

　

applied.

　　

The

　

distribution

　

ｐａ七七ern

　

of

the

　

applied

　

pressures

　

is

　

of

　

isoscales

　

triangle

　

form,

and

　

the

　

direction

　

of

　

the

　

pressures

　

is

　

inclined

　

down-

ward.

　

As

　

七he

　

calculated

　

slip

　

line

　

and

　

the

　

experi-

mental:Ly

　

obtained

　

border

　

line

　

are

　

coincident, it

seems

　

that

　

the

　

powder

　

bed

　

of

　

七he

　

ｔａｂ:Le

　

feeder

:receives

　

ａ

　

similar

　

pressure.

　

Then

　

七he

　

particles

　

at

the

　

shoulder part　of　the　powder　bed will　be　pushed

up, and　in　the　case　of　ａ　large　spread-out　length, the

particles

　

will

　

be

　

piled

　

up

　

in

　

this

　

region.

　

This

phenomenon

　

is

　

observed

　

for

　

both

　

the

　

quartz

　

sand

　

No. 8

and

　

the

　

glass

　

beads

　

when

　

the

　

skirt

　

clearance

　

Ｈ

　

is

small,

　

as

　

shown

　

in

　

Fig.5.17-b

　

and

　

c/ where　Ｔ　Is

higher

　

than

　

Ｈ。
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moving

　

powder

stationary powder

Fig.5.22

　　

Discharge

　

of

　

powder

　　　　　　　　　

from

　

ａ

　

hopper

１３７

scraper



５．６

　　

Conclusion

　　　　　

From

　

the

　

above

　

ｅχamina七ion

　

of

　

the static　and

dynamic

　

charac七eristics

　

of

　

ａ

　

七able

　

feeder, it　is

concluded

　

that：

　　

１．工n order　七〇　ｇｅ七　ａ　cons七ant　feed　rate　of　high

stability, the　scraper　should　be　inser七ed　along　the

tangent

　

of

　

ａ

　

concen七ric

　

circle

　

on

　

the

　

table.

　　

2. The　Ｓｔａ七ic　characteris七ics, namely　the　relation

ｂｅ七ween

　

the

　

discharge

　

rate

　

of

　

七he

　

powde:ｒ

　

and

　

the

scraper

　

position

　

or

　

rate

　

of

　

revo:Lution

　

of

　

the

　

table

in

　

steady

　

ｓ七ａ七e,

　

can

　

be

　

estimated with　fairly　good

accuracy

　

if

　

the

　

shape

　

of

　

the

　

powder

　

bed

　

is

　

taken

ｉｎ七〇

　

consideration.

　　

3. The　shape　of　七he　powder　bed　can　be　estimated

from

　

ａ

　

theoretical

　

equa七ion, Eq. (5.4) .

　　

４．

　

The

　

dynamic

　

characteris七ic

　

of

　

the

　

discharge

rate

　

when

　

regulated

　

by

　

the

　

scraper, may　be　derivative

in

　

nature, where　七he　ｒｅ:La七ive　scraper　position　is

large。

　　

５．

　

When

　

the

　

relative

　

scraper

　

position

　

is

　

small,

七he

　

dynamic

　

characteristic

　

will

　

be

　

of

　

time-delay,

propor七ional, or　derivative　type　for　powders　of　high

flowabili七y, moderate　flowability, or　low　flowabi:Li七ｙｙ

respective]．ｙ。

　　　　　　　　　　　　　　　　　　　　　　　　

]。３８



　　

6. The　dynamic　characteristic　of　the　discharge　rate

when

　

regulated

　

by

　

changing

　

七he

　

rotational

　

speed

　

of

the

　

table is　of　deriva七ive　ｎａ七ure,if　七he　scraper

position

　

and

　

the

　

effec七

　

〇ｆ

　

the

　

force

　

ｒｌｄω／ｄ七|

　

are

large.

　　

7. Any‘inclination　in　the　installation　of　the　ｔａｂ:Le

will

　

cause

　

ａ

　

fluctuation

　

in

　

the

　

mass

　

flow

　

rate.

However, this　fact　suggests　七hat　the　feeder　may　be

used

　

as

　

ａ

　

sine-wave

　

generator

　

for

　

ｓ七udies

　

of

　

powder

flow

　

rate.

　

The

　

experimenta:Ｌ

　

rela七ionship

　

between

the

　

amplitude

　

of

　

the

　

fluctua七ion

　

and

　

the

　

angular

velocity

　

of

　

the

　

table

　

has

　

been

　

obtained

　

and

　

ｅχplained

analytically-

　　

８．

　

The

　

relation

　

ｂｅ七ween

　

the

　

heigh七

　

ａ七

　

which

　

the

scraper

　

cuts

　

the

　

powder

　

bed

　

and

　

the

　

relative

　

scraper

posi七ion

　

is

　

explained

　

analy七ically・

　　

９．

　

The

　

rela七ionship,

　

the

　

Y-curve,

　

depends

　

on

　

the

powder

　

properties.

　

Ａ

　

parame七er

　

is

　

ｉｎ七roduced

　

for

taking

　

the

　

nature

　

of

　

the

　

powder

　

into

　

considera七ion

The

　

parameter

　

is

　

positive,

　

zero,

　

and

　

negative

　

for

powders

　

of

　

high

　

flowabi:Li七y, moderate　flowability,

and

　

１０ｗ

　

flowabxli七y, respec七ｉｖｅ:Ly.

　　

１０．

　

The

　

internal

　

part

　

of

　

the

　

powder

　

bed

　

is

　

station-

ary

　

in

　

the

　

steady

　

ｓｔａ七ｅ．

　

Ｐａｒ七icles

　

move

　

along

　

the

upper

　

part

　

of

　

the

　

powder

　

bed

　

and

　

are

　

discharged.

　　

The

１３９



horde:r line between　the　dead　zone　and　the　moving

zone

　

is ･approxiraa七ed　by　ａ　specific　slip　line・

･Nomen:clature

Ａ

A'

Ａ”

Ｅ

Ｅ１

Ｈ

Ｋ

ｋ

amplitude

　

of

　

fluctua七ion　of　discharge

rate,

　

Ａ三

　

Ａ’ω

ａｍｐ:Litude

　

of

　

fluctuation

　

of

　

discharge

rate

　

as

　

ａ

　

function

　

of

　

the

　

angle

　

of

revolution

amplitude

　

measured

　

following

　

the

　

procedure

in

　

§5.4-1,

　

Ａ”＝

　

乃Ａ’

energy

　

required

　

for

　

spreading

　

the

　

powder

bed

energy

　

received

　

in

　

one

　

revolution

　

of

　

the

table

skirt

　

clearance,

　　

cf.

　

Fig.5.1

　

or

　

５．９

cons七ant

constant
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Ｒ

恥

「

恥

　

Ｔ

　
　

Ｗ

ＷＨ

Ｗｎ

　　　

喩

Ｗ
ｎ

Ｘ

Xc

ｙ

radial

　

position

　

of

　

the

　

scraper, cf. Fig.

５．１０ｒ５．９

－

rm / R

radial

　

distance

　

from

　

七he

　

center

　

of

　

the

table

maximum

　

radius

　

of

　

the

　

powder

　

bed

time

　

constant

discharge

　

rate

　

of

　

ｐａｒ七icles

　

in

　

steady

state

mass

　

flow

　

ｒａ七ｅ

　

of

　

Ｐａｒ七icles

　

from

　

the

hopper

　

to

　

七he

　

七able

discharge

　

ｒａ七ｅ

　

of

　

ｐａｒ七icles

　

ａ七

　

n-th

revolu七ion

mass

　

flow

　

ｒａ七ｅ

　

of

　

particles

　

七hrough

　

七he

cross

　

section

　

ABCO

　

in

　

Fig.5.7

　

ａ七

　

ｎ一七ｈ

revolu七土on

rela七ive

　

scraper

　

posi七ion

　

represen七ed

by Ｅｑ。(5.26)

critical-rela七ive

　

scraper position given

by Eq. (5.27)

height

　

ａ七which

　

七he

　

scraper

　

cuts

　

七he

powder

　

bed

　

in

　

steady

　

ｓ七ａ七ｅ
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Yc

yｎ

ａタ

６

６０

６１

６２

６，Ｔ

ｙ for the　case　of ｘ ＝ｘｃ

heigh七

　

at

　

which

　

七he

　

scraper

　

cuts

　

七he

powder

　

bed

　

at

　

n-th

　

revolu七ion

angles

　

in

　

Fig.5.14

spread-out

　

length/

　　

cf.

　　

Fig.5.19

spread‘out

　

length

　

in

　

the

　

case

　

χ

　

＝

　

χｃ

spread-out

　

leng七ｈ

　

as

　

ａ

　

lower

　

limit

　

of

　

the

integra七ion

　

of

　

Eq.(5.32)

spread-ou七

　

leng七ｈ

　

as

　

ａ

　

upper

　

limit

　

of

　

the

ｉｎ七egration

　

of

　

Ｅｑバ5.32)

e (r,ω）　　angle　of　the　powder bed　in　Fig.5.3.

　　　　　　　　

9(r, 0) represents　the　angle　of　repose

Ｋ

μ

　

Ｂ

　
　
　
　
　
　
　

ｒ

ｐ

　

¢

　
　

ｙ
ヽ
ω

parame七er

　

representing

　

the

　

properties

　

of

ａ

　

powder

tan CPr

bulk

　

density

　

of

　

particles

angle

　

of

　

revolution

　

of

　

the

　

table

angle

　

of

　

repose

angula:ｒ

　

velocity

　

of

　

the

　

table

１４２
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６．１

　　

工ntroduction

CHAPTER

　　

６

ROTARY

　　

FEEDER

　　　　　

Ａ

　

rotary

　

feeder

　

is

　

ａ

　

simple

　

powder

　

feeder

　

which

is

　

widely

　

used

　

as

　

the

　

final

　

control

　

device

　

of

　

ａ

　

par-

ticulate

　

process.

　　

However;

　

comparatively

　

little

　

is

known

　

ｏ｀ｆ

　

its

　

ｓ七ａ七ic

　

and

　

dynamic

　

characteristics.

The

　

discharge

　

mechanism

　

of

　

this

　

feeder

　

is

　

such

　

七hat

the

　

particles

　

flow

　

into

　

the

　

feed

　

chambers

　

of

　

the

rotor

　

and

　

are

　

discharged

　

through

　

the

　

exit

　

pipe

　

after

ａ half　revolution.　工ｎ　view　of　this　mechanism, it

seems

　

that

　

the

　

discharged

　

powder

　

flow

　

rate

　

will

　

in-

crease with　the　rate　of　revolution　of　the　rotor

ｕｎ七il

　

the

　

flow

　

ｒａ七ｅ

　

becomes

　

equal

　

七〇

　

七he

　

discharge

rate

　

from

　

the

　

hopper

　

without

　

七he

　

rotary

　

feeder,

　

when

the

　

flow

　

rate

　

could

　

be

　

ｅχpected

　

to

　

remain

　

constant.

However

　

in

　

actual

　

operation

　

the

　

flow

　

rate

　

gradua:Lly

decreases

　

with

　

increasing

　

speed

　

of

　

rotation

　

before

reaching

　

the

　

discha:rge

　

rate

　

of

　

the

　

powder

　

from

　

the

hopper.

　　

This

　

is

　

ａｔ七ributable

　

to

　

the

　

fact

　

that

　

the

discharge

　

of

　

powder

　

from

　

the

　

rotor

　

is

　

not

　

perfect,

part

　

of

　

the

　

powder

　

being

　

raised

　

again

　

by

　

the

　

rotor

blade.

　　

This

　

ｆａｃ七

　

will

　

be

　

confirmed

　

by

　

high-speed

photography.

１４４



　　　　　

：Ｉ;ｎ

　

this

　

chapter

　

the

　

discharge

　

mechanism

　

is

　

dis-

cussed

　

and

　

the

　

ｅχperimen七al

　

results

　

ｅχainined。

　

］:ｎ

addition

　　

the

　

rela七ionship

　

ｂｅ七ween

　

the

　

discharged-

mass

　

flow

　

rate

　

and

　

the

　

rate

　

of

　

revolution

　

of

　

七he

rotor

　

is

　

studied with　ｐａｒ七icular　ａ七七ention　to　七he　use

of

　

actual

　

poly-disperse

　

powders.

　　

step

　

responses

　

of

the

　

discharge

　

rate

　

are

　

also

　

obtained。

６．２

　　

Prediction

　

of

　

the

　

Volumetric

　

Efficiency

6.2-1

　　

Theoretical

　

study

　　　　　

The

　

following

　

discussion

　

is

　

based

　

on

　

the

　

assump-

tions

　

that：

(1) The　rotor　space　is　fully　filled with　the　powder.

（２）Ｎｏ

　

powder

　

crumbling

　

in

　

ａ

　

block

　

occurs

　

in

　

the

discharge

　

process.

When

　

the

　

rotational

　

speed

　

of

　

the

　

ｒｏ七〇ｒ

　

is

　

very

　

high,

the

　

impact

　

force

　

of

　

七he

　

ｒｏ七〇ｒblade vill　obstruct　the

inflow

　

of

　

particles.

　　

Then

　

assumption (1) will　not　be

applicable.

　

However

　

this

　

problem

　

is

　

not

　

dealt with

in

　

this

　

study.

　　

０ｎ

　

the

　

other

　

hand,

　

assumption (2) is

not

　

admissible

　

in

　

low-speed

　

rota七ion.

　　

However

　

in

this

　

case

　

the

　

powder

　

in

　

七he

　

ｒｏ七〇ｒ

　

space will　be　dis-

charged

　

fully

　

and

　

the

　

analytica:Ｌ

　

results

　

will

　

not

　

be

affected

　

by

　

failure

　

of

　

the

　

assumption.

１４５



　　　　　

Consider

　

the

　

coordinates

　

ｒ

　

and

　

ｏ

　

shown

　

in

　

Fig.

6.1/ together with　ａ　third　coordinate　z.　shown　in

Fig. 6.2.　Ａ　partic:Le　is　constrained　by　七he　surround-

ing

　

ｐａｒ七iclesダ

　

such

　

ｔｈａ七

　

the

　

ｍｏｔﾆion

　

of

　

七he

　

particle

is

　

ｒｅＰ:resented

　

by

　

the

　

following

　

equa七ｉｏｎ：

jlj°Γω2十ｇ
ｃｏｓe‾12‾ｇ sinelμｐ‾I ＣＤ

　

「
-

■'p

(6.1)

Pa
-

pｐ

where, in･ｄｅ･･Ｇ･ﾋes　the　mass　of　the　particle, and　yp

the

　

inter-particle

　

friction

　

factor.

　

Ｓ

　

represents

　

the

Corio:Lis'

　

force

　

and

　

is

　

given

　

by

　　　　　　　　　　　　　　　　　　

，

S = 2mωｔ (6.2)

ＣＤ

　

denotes

　

the

　

drag-coefficient

　

and

　

is usually　repre-

sented

　

by

　

ａ

　

complicated

　

func七ion

　

of

　

the

　

Reynolds'

number.

　　

However

　

in

　

this

　

case

　

the

　

drag-coefficient

ＣＤ

　

is

　

approximated

　

by

　

the

　

stokes' equation：

%

　

°
24
㎜

Re

-

-

２４
-

°p

μａ
-
ｐ

　

『
ａ

(6.3)

When

　

the partic:Le　diameter　°p　islarge　Eq.(6.3) is

not

　

applicable。

　

However/ under　these　circumstances

　　　　　　　　　　　　　　　　　　　　　　

１４６



eocit

pipe

F1g.6.l Trajectory of a parti cle

　　　　

in a rotary feeder

‾フム‾て
Ｚ

Z＝∠. COSび

乙sina = /?2Sうｎ∂0

ｿﾞﾆﾆ几、

Fig.6.2

　

Rel ati on　between　60　and　z
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the

　

fourth

　

ｔｅ：rmof　the　right hand　side　of　Eg.(6.1)

is

　

negligibly

　

small.

　

and Eq.(6.3) can　be　used ・

　　　　

When

　

七゜０７

　

the

　

Ｐａｒ七icle

　

is

　

on

　

the

　

line ５ｉin

Fig.6,1.

　

The

　

relation between　the　tiiae　ｔ　and　the

angle

　

ｏ

　

is

　

represented

　

by

　

the

　

following

　

equation;

ｅ 一

一 Θｉ

　

－

　

ω七 (6.4)

where

　

61

　

is

　

∠AOC,

　

which

　

is

　

cons七ant.

　

Substituting

Eqs.(6.2

　

～4) into　Ｅｑ。（６．:I), the　following　equation

is

　

obtained:

i;十

　

2Ar - ro)^　°ｇ　ｃｏｓ（ｅｉ　‾“ｊｔ）十　yp ｇ　ｓin（％’“）七）

where, Ａ
一

一

一

旨)・＋9％/Ｄｐ2pｐ

This

　

differential

　

equation

　

is

　

solved

　

to

　

yield

1°(t) = c,e

where.

a1

ａｌｔ

　　　　　

ａ

　

七

十

　

Ｃ２

　

ｅ

　

２

十C4 ｓil‘1(9. - CO七)

十

　

Ｃ３ｃｏｓ（ｅｉ

　

- cot)

(6.5)

(6.6)

(6.7)

-

-

-

‾Ａ十/Ｆマで？

　

, and ａ２°‾Ａ‾　｀/Xｒ‾て‾て２

　　　　　　　　　　　　　　　　　　　　　　　

(6.8)

１４８



By

　

use

　

of

　

the

　

initial

　

condi七ｉｏｎ：

　　

ｒ（Ｏ）゜ＲＯ″

ニ
r(0) =　0, the　integral　constants　Ｃ１　^‘　Ｃ４

determined.

　

namely：

are

C1 ’･iｺﾞhi｛‾a2RO　十（C4ω　十　a2C-)cos　ei

-

C2 ゛

C3 °

-

(Ｃ３ω

　

‾

　

ａ２Ｃ４)ｓｉｎ

　

H

　

}

｛a1RO

　

’（゛1C3

　

十

　

C.a))cos

　

Qi

(6.9)

（６．:LO）

(6.11)

(6.12)

（石百

　

in Fig.6.1) or　to ｐｕ七it　in

１４９

1

ａ１‾ａ２

｛゜1C4

　

’C3司

　

sin

　

ｅｉ｝

止と上

2ω（A2

　

十ω2）

　　　　

ｇ（μＡ－ω）

ｃ４°’÷午ﾐぞ7‾Ｔニ
ク2ω（A2

　

十ω２）

Now

　

assuming

　

that

　

the

　

trajectory

　

of

　

the

　

particle

　

is

represented

　

by

　

Eq.(6.7), the　volumetric　efficiency

of

　

the

　

rotary

　

feeder may　be　obtained　as　follows.

At

　

ｅ

　

°‾ｅｏ

another way.　at　time　to　given　by



to”（ei十ｅｏ）／（゛ (6.13)

ａ

　

certain particle will　pass　over　the　point　Ｂ．　The

initial

　

position

　

ＲＣ

　

of

　

this

　

particle

　

is

　

given

　

by

Ｒ

Ｃ

　

゛

where,

C5

C6

＋

七〇ａ2

- C-coseQ + cosineQ

一
一

一

-

-

-

Ｒ２．

　

’ ．Ｃ５ｅｔｏａ１

‾‾二回

ａ１

１

一
一

こ6e

-

a2
ｅ゛Ｏ°:Ｌ

　

) / (a ’｀２）

　　　　　　

‥‥‥‥（6.14）

a2
｛（C4ω

　

十

　

゜2C3）ｃｏｓ

　

eo

（C3ω- a2C^ ) sin Sq }

ａ１‘’ａ２

　

｀’｀‾１『3

　

’二

’（ａ１Ｃ４

　

‾

　

Ｃ３ω) sin　００ ｝

(6.15)

(6.16)

Under

　

some

　

circiomstances

　

Eq. (6.:L4) may　give　values

for

　

Ｒｃthat　are　less　than Ｒ１″　the　inside　radius　of

the

　

rotor.

　

However

　

this

　

is

　

impossible

　

physically.

in which　case　Ｒｃ　can be　equa七ed with　Ｒ１° Then　the

volumetric

　

efficiency

　

ｎ

　

of

　

the rotary　feeder　Is ｒｅ一

presented

　

by

　

the

　

following

　

equation:
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total

　

effective

　

volume

　

of

　

the

　

rotor

2｡11.Ｌ(R2.2‾Ｒ(A)‾2MLCR2‾Ｒｃ)

27TL（R22

　

’R12）゛2n6L（R2‾R1）

(6.17)

where

　

ｎ

　

is

　

the

　

ｎｕ皿her

　

of

　

七he blades,　６　is　the

thickness

　

of

　

the

　

blade, and　２Ｌ　is　the　width　of　the

blade.

　

When･ the　exit　hole　is　rectangu:Lar, Eq.(6.17)

is

　

applicable

　

without

　

modification.

　

However, in　the

general

　

case

　

the

　

exit

　

hole

　

is

　

circular

　

for

　

convenient

connection

　

of

　

ａ

　

pipe.

　

工n

　

this

　

case, 0q(゜　ｅｉ）ｉｓ

changed

　

in

　

the

　

direction

　

of

　

ｚ．

　

Therefore,

in

　

Eq.(6.17) must　be　replaced　respectively

following

　

expressions：

Ｌ
ミ

　

ー
一
Ｌ

　
　

＝ R dZ　　, and

　

Ｃ

-
Ｒ

　

２

　

＝

％
町

　

２
Ｒ
Ｃ

Ｌ

　

Ｌ

　

―
一
Ｌ
‘

and

　

■o 2

the

dZ

(6.18)

As

　

shown

　

in

　

Fig.6.2, the　relation　between ｅｏ　and　the

coordinate

　

ｚ

　

is

　

represented

　

by

sin

　

eo＝≒√Ｆ二‾石万Ｐ

１５１

(6.19)



凡゛d 711｀can be　obtained by　niomerical　integ:ration

of

　

Ｅｑ。(6,18) using　Eq.(6.19)。　Then　the　volumetric

efficiency may be　ｅＳｔ注matedby　Eq.(6.17)。

　　　　

As

　

far

　

as

　

the

　

particle

　

size

　

is

　

concerned

　

in

　

the

discharge

　

process ｚ　the　size　distribution must　be

taken. into　consideration.　This　is　accomplished with

Eq.(2.7), namely,

可

　

゜Σf(Ｄｐi n(Ｄｐi

6.2-2

　　

Apparatus

　

and

　

experimental

　

methods

(6.20)

　　　　

The

　

experimental

　

set-up

　

used

　

for

　

the

　

measure-

ment

　

of

　

the

　

discharged mass　flow　rate　from　七he

rotary

　

feeder

　

is

　

shown

　

schematically

　

in

　

Fig. 6.3.

恥.6月次喋i;よ‰

｜

　　　　　　

，;:;tal

　

arrange-

１．

　

hopper
2. rotary　feeder
3. VS-motor
4. coupling
5. controller
６ｉ

　

photo

　

probe
フ. amp:Lifier
8. recorder
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The pwoder　flow　rate　is　determined by　sampling　the

powder

　

for

　

２０

　

｀

　

６０

　

seconds.

　　

The

　

number

　

of

　

revolu-

tions

　

･of

　

the rotor　during　the test　period　is　recorded

through

　

the

　

ｐｈｏ七〇-･probe.When　the　rotational　speed　is

very

　

slow, the　number　of　revolutions　is　dete：rmined

by

　

counting.

　

The

　

powder

　

ｍａ七erials

　

used

　

are

　

wheat.

millet

　

seeds ，quartz　sand　No.8, quartz　sand　screened/

and

　

quartz

　

sand-ultrafine.

　　

The

　

properties

　

of

　

these

powder materials　are　summarised　in　Table　6.1, where

the

　

inter-par七icle

　

friction

　

factor

　

μｐ

　

is

　

calculated

from

　

the

　

two-dimensional

　

drain angle　２）．

Table

　

６。１　　Properties　of　the　pwoder

　　　　　　　　　　　

materials

　　　　　　　　

density

materi-

　　　

of

　

al

　　　　　

particle

Millet

　

seed

Wheat

Quartz

　

sand
No. 8

Quartz

　

sand
screened

Quartz
sand
ultrafine

1.31

1.26

２°６４５

2°645

皆‰，

諒/ｃｍ31

0.789

０．７:L5

1.234

1.276

2.645

　　　

1.029

drain

　　　　　

inter-

　　　

angle
angle

　　　　　

particle

　　

of
(2-dimen-

　

friction

　

repose

　

sional)

　

factor

　　　

。。

[degree]翼ａｎy)[－][dear]

41

39

７４

70.2

８７～･９０

0.87

0.81

3.50

2.77

一一

33.O4

30.0

38.3

２６°２５

49.6

]．５３



The

　

size distributions　of　七hese　･powders　are　shown　in

Fig. 6.6.　Two　sets　of　ｒｏ七ary　feeders ，shown　in　Fig.

6.4, are　examined　in　七his　study.　When　the　quartz

sand-ultrafine

　

is

　

used, a　vibrator　is　installed　ａ七

the

　

hopper

　

to

　

preven七

　

bridging

　

of

　

the

　

powder。

　　　　　　　　　

Fig. 6.5　shows　the　ｅχperimental　installa七ion

for

　

the measurement　of　particle　traj ectories ．　Trans-

parent

　

vinyl

　

chloride

　

boards

　

were

　

used

　

in

　

several

parts

　

to

　

allow

　

visual

　

observation.

　

Powder

　

is

　

poured

into

　

the

　

feed

　

space

　

of

　

the

　

rotor, in　such　ａ way　that

ａ

　

striped-pattern

　

is

　

made

　

with

　

vari-colored

　

particles.

The

　

particle

　

trajectories

　

are

　

recorded

　

by

　

ａ

　

high-speed

camera

　

opera七ing

　

at

　

６４

　

frames

　

per

　

second.

　

The

　

rate

　

of

revolution

　

of

　

the

　

rotor

　

becomes

　

constant

　

immediately

after

　

the

　

feeder

　

is

　

started,

　

the

　

time

　

lapse

　

being

determined

　

by

　

coun七ing

　

the

　

number

　

of

　

frames.

6.2-3

　　

Resul七ｓ

　

and

　

discussion

　　　　　　　　　　

One

　

of

　

the

　

results

　

obtained

　

by

　

high-speed

photography

　

is

　

shown

　

in

　

Fig.6.7.

　

From

　

such

　

photo-

graphs

　

七he

　

positions

　

of

　

七he

　

colored

　

ｐａｒ七icles

　

were

measured

　

and

　

compared

　

ｗｉ七ｈ

　

the

　

theoretical

　

七:rajec-

tories・

　

The

　

results

　

are

　

shown

　

in

　

Fig.6.8.

　

The

initial

　

position

　

ＲＯ

　

required for　七he　theoretical

calculation

　

was

　

determined

　

from

　

the

　

striped-pattern

just before　the　exit.　The　coincidence　between　the

theoretical

　

and

　

experimen七a1

　

七rajectories

　

for

　

the

case

　

of

　

the

　

ｍｉ]Llet

　

seeds

　

is

　

satisfactory.

　　

Differences

between

　

the

　

theore七ｉＣａ:Ｌ

　

and

　

experimental

　

trajectories

]．５４



(a) 156φΓotary feeder

(b) 125φUjt詐)feede'＾

Ｆ句.

　

6.4

　　

Rotary

　

feeder

155



Fi g . 6. 5　Schemati c　diagram

　　　　　　　　

rotary

　

feeder

　

for

　　　　　　　　

merits

　

of

　

particle
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Fig.6, 6　Size　distribution　of　solid

　　　　　

materials (RRS)
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in

　

the neighborhood of　the　center　and of　the blade

are

　

ａｔｔ:ributable

　

to

　

the

　

effects, of　the　ｂ:Lade, such

as

　

electrostatic

　

force

　

or

　

adhesive

　

force.

　

However

this

　

effect

　

decreases

　

with

　

the

　

progress

　

of

　

the

discharge process!.　　Therefore　ｔｈｅ‘　estima,tiDn

the

　

volumetric

　

efficiency will　not　be　affected.

of

Powder

　

crumbling

　

in

　

ａ block was　not　observed　in　this

case。

　　　　　

工ｎ

　

the

　

case

　

of

　

quartz

　

sand, coincidence　between

the

　

theoretical

　

and

　

experimental

　

traj ectories　is

good

　

for

　

high-speed

　

revolution,

　

but

　

the

　

agreement

　

is

not

　

good

　

for

　

low-speed

　

revolution.

　

At

　

low

　

speeds

the

　

powder does　not　fall　even　if　it　is　just　above

the

　

exit

　

hole.

　　

However

　

once

　

discharge

　

begins ， the

whole

　

of

　

the

　

powder

　

is

　

discharged

　

ｉｎｓ七antaneous:Ｌｙ・

From

　

this

　

fact

　

it

　

seems

　

that

　

the

　

inter-particle

friction

　

factor

　

μｐ

　

varies

　

with

　

七he

　

progress

　

of

　

the

discharge

　

process.

　　

The

　

adhesive

　

force

　

between

　

the

particles

　

and

　

the

　

blade

　

also

　

affects

　

the

　

process。

　　　　　

These

　

experiments

　

on

　

powder

　

traj ectories　also

confiEm

　

the

　

hypothesis

　

七hat

　

part

　

of

　

the

　

powder

　

is

raised up　again　by　the　blade　ａ七　highTspeed　revolution

　　　　　

Figs･ｊ６；９　and　６。１０　show　some　of　the　resu:Lts　on

the

　

volumetric

　

efficiency

　

ｎ， and　ωT], respectively.

Coincidence

　

between

　

the

　

theoretical

　

and

　

experimental

results

　

up

　

ｔ０

　

１００

　

rpm

　

is

　

satisfactory.

　　

However, at

higher

　

speeds

　

of

　

revolution.

　

the

　

experimental

　

data

are

　

ｓｍａ:Ller

　

than

　

the

　

theoretical

　

values ， and　de-

crease

　

with

　

increasing

　

speed

　

of

　

revolution.

　　

This

　

can

be

　

ａ七七ributed

　

七〇：

:Ｌ５９
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efficiency

　

of
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（ｉ）

　

blade

　

action;

　

the

　

impact

　

force

　

of

　

the

　

blade

ｏｂｓ‘tructs

　

･七he

　

inflow

　

of

　

the

　

powder.

　　

Under

　

these

circiorastances

　

as sump七ion (I) fails.

　

（２）

　

variation

　

of

　

the

　

inter-par七icle

　

friction

factor;

　

centrifugal

　

force

　

and

　

Corio:Lis' force　com-

press

　

the

　

powder,

　

and

　

the

　

effective

　

friction

　

factor

becomes

　

large。

　　　　　

Ａ

　

theoretical

　

curve

　

calcula七ed with large　μｐ　is

shown

　

for

　

reference

　

purposes

　

in

　

Figs.

　

6.9-c

　

and

6.10-c。

　　　　　

The

　

ｎａ七ure

　

of

　

the

　

blade

　

ａｃ七ion

　

is

　

an

　

interesting

problem-,

　

but

　

in

　

practice

　

the

　

rotary

　

feeder

　

as

　

the

final

　

contro:Ｌ

　

device

　

should

　

be

　

used

　

at

　

low

　

speeds

　

of

revolution

　

in

　

which

　

case

　

the

　

effect

　

of

　

blade

　

action

is

　

negligible.

　　

The

　

maximum

　

angular

　

velocity

　

ω

　

ｗｉ１工

be

　

approximated

　

by

　

、/ﾌﾐiﾌR,｡

　　　　　

The

　

following

　

discussion

　

will

　

be

　

concerned

　

with

the

　

effect

　

of

　

particle

　

size

　

on

　

ωΥ１．

　

Fig.6.11

　

shows

七he

　

calculated

　

results

　

for

　

the

　

case

　

Ｕ

　　

°

　

3.5.

　　

工七

　

is

　　　　　　　　　　　　　　

，

　　　　　　　　　　　　　　　　　　

ｐ

found

　

that

　

the

　

effect

　

is

　

large

　

when

　

the

　

particle

size

　

is

　

small but　ｔｈａ七　itbecomes　smaller　as　the

particle

　

size

　

increases.

　

This

　

observation

　

means

　

that

the

　

drag

　

force

　

by

　

air

　

is

　

smaller

　

than

　

any

　

other

force

　

in

　

this

　

size

　

range.

　　

Therefore, the　effect　of

the

　

particle

　

size

　

may

　

offer

　

no

　

problem

　

for

　

systems

using

　

large

　

partic:Les.

　

０ｎ

　

the

　

other

　

hand, systems

using

　

small

　

particles

　

ｍｕｓ七

　

be

　

ｄｅａ］Ltwi七ｈ　according　to

the

　

method

　

proposed

　

in

　

§２．２

　

or

　

Eq. (6.20)・

　　　　　

Fig.6.12

　

shows

　

the

　

calculated

　

results

　

concerning

the

　

effect

　

of

　

the

　

dimension

　

of

　

the

　

rotor

　

on

　

ωΥ１．

　　

From

　　　　　　　　　　　　　　　　　　　　　　　

１６２
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t(sec)

30
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Fig.6.13　step response of ａ rotary feeder

　　　　　

△Ｗ＝

　

６１１

　

－

　

exp(一七/5.4)}

七he, figure, i七　１ｓ　seen　that　，七he　volume七ric　efficiency

decrea･ses

　

with

　

increasing

　

rotor, diameter.

６．３

　　

step

　

Response

　　　　　

step

　

responses

　

of

　

the

　

discharged

　

mass

　

flow

　

rate

were

　

studied

　

by

　

use

　

of

　

工mpact‘Line

　

mass

　

flow meter・

Typical

　

result

　

is

　

shown

　

in

　

Fig.6.13.

　　

Fluctuations

　

in

the

　

instantaneous

　

mass

　

flow

　

ｒａ七ｅ

　

are

　

fair:1-Y

　

:Large・

However, the　variation　of　the　mean　of　the　mass　ｆ:Low

rate

　

is

　

approximated

　

by

　

ａ

　

first-order

　

time

　

delay-

The

　

time

　

constant

　

for

　

the

　

rotary

　

feeder

　

used

　

here

　

was

found

　

to

　

be

　

in

　

the

　

range

　

of

　

４．５～･５．５

　

sec.
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６．４

　　

Conclusion

　　　　

工ｎ

　

view

　

of

　

the

　

study

　

on

　

the

　

rotary

　

feeder

　

des-

cribed

　

above, i七　can　be　concluded　that:

　　

１．

　　

The

　

discharge

　

mechanism

　

of

　

this

　

feeder

　

can

　

be

represented

　

by

　

the

　

use

　

of

　

particle

　

mechanics, in

which

　

Coriolis' force　and　the　fric七ional　force

between

　

ｐａｒ七icles

　

are

　

taken

　

into

　

cons ideration.

　　

２．

　　

The

　

volumetric

　

efficiency

　

can

　

be

　

ｅｓ七imated

　

by

using

　

the

　

theoretical

　

equation

　

derived

　

from

　

an

　

analy-

sis

　

of

　

the

　

discharge

　

mechanism.

　　

３．

with,

ed.

When

　

systems

　

involving

　

fine

　

particles

　

are

　

dealt

the

　

particle

　

size

　

ｄｉｓ七ribution

　

must

　

be

　

consider-

　　

４．

　　

The

　

inter-partic:Le

　

friction

　

factor

　

yp ｗｉ:LI　vary

with

　

the

　

progress

　

of

　

the

　

discharge

　

process.

　　

However,

the whole　discharge　process　observed　during　this

ｓ七udy

　

has

　

been

　

explained wi七ｈ　ａ　constant　μｐ　ｏｂ七ained

by

　

determination

　

of

　

七he

　

two-dimensiona:Ｌ

　

drain

　

angle。

　　

５．

　

The

　

voliraietric

　

efficiency

　

decreases

　

ｗｉ七ｈ

　

in-

creasing

　

rotor

　

diameter.

　　

６．

　

The

　

dynamic

　

characteristic

　

of

　

this

　

feeder

　

is

that

　

of

　

ａ

　

first-order

　

time

　

delay・

１６５



　　　　　

Ｆ‘ｏエ｀

　

practical

　

application

　

of

　

this

　

feeder

　

as

　

the

final

　

control means　low　speed　operation　is　recommend-

ed

　

because

　

of

　

the

　

higher

　

ｓ七ability

　

and

　

the

　

linear

proper‘ty of　the　ｓ七atic　characteristics.

　

タ

　
　
　
　
　
　
　

Ｄ

　

Ｉ

　

Ｄ

　

ｐ
く

　
　
　
　
　
　
　
　
　
　
　
　
　
　

Ｏ

　

Ｉ

Ｃ

　

Ｃ

　

Ｄ

　

ｆ

　
　
　

Ｌ

　
　

ｍ

　
　

ｎ

　

Ｎ

　

Ｒ

　

Ｒ

R2

Ｒ
ｃ

Ｓ

　
　

Ｖ

C2′

ｐ１

Nomenclature

Ｃ３″Ｃ４′Ｃ５″Ｃ６°

　

constan七ｓ

　

drag

　

coefficient

　

particle

　

diameter

　

particle

　

size

　

distribution

　

on

　

七he

　

mass

　

basis

　

(width

　

of

　

blade)/2

　

mass

　

of

　

ａ

　

particle

　

number

　

of

　

blades

　

number

　

of

　

revolutions

　

per

　

unit

　

time

　

initial

　

posi七ion

　

of

　

ａ

　

particle

　

inner

　

radius

　

of

　

rotor

　

outer

　

radius

　

of

　

rotor

　

critical

　

radius

　

for

　

ａ

　

drained

　

ｐａｒ‘ﾋicle

　

Coriolis"

　

force

　

total

　

volume

　

of

　

ａ

　

rotor

　

ｓｅｃ七ion

r, e, z　　coordinates

１６６



６

ｎ

e.

1‘lf

μｐ

Pb

ｐ

　

ｆ

タ eo

　

thickness

　

of

　

ａ

　

blade

　

efficiency

　

of

　

ａ

　

rotary

　

feeder

　

angles

　

in

　

Fig. 6.1

　

viscosity

　

of

　

air

　

internal

　

friction

　

factor

　

of

　

particles

　

bulk

　

density

　

of

　

particles

　

density

　

of

　

air

　　

’

　

particle

　

density

ヽtwo-dimensional

　

drain

　

angle

　

angular

　

velocity
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７．１

　　

工ntroduction

　　　　

The

　

measurement

　

of

　

the

　

mass

　

flow

　

ｒａ七ｅ

　

of

　

solids,

or

　

of

　

the

　

ｆ:Low

　

rate

　

ｒａ七io

　

for

　

solids

　

七〇

　

gas

　

in

　

ａ

　

two-

phase

　

ｓｙｓ七em

　

is

　

complicated

　

by

　

the

　

fact

　

that

　

the

measured

　

value

　

such

　

as

　

pressure

　

drop

　

along

　

七he

　

pipe-

line

　

is

　

also

　

ａ

　

function

　

of

　

gas

　

ｆ:Low

　

rate

　

or

　

velocity-

Therefore

　

the

　

gas

　

flow

　

ｒａ七ｅ

　

must

　

be

　

measured

　

simul-

taneously

　

by

　

an

　

independent

　

method。

　

Ａ

　

procedure

　

is

available

　

for

　

measuring

　

the

　

gas

　

flow

　

rate

　

after

separation

　

of

　

the

　

solids

　

from

　

gas
／　but　clearly　it　is

desirable

　

to

　

make

　

the

　

measurement

　

on

　

the

　

two-phase

systeja with　as　ｌｉｔ七１ｅ　interference　as　possible　to　the

flow pattern。

　　　　

Farbar^ , Earth　et　ａ:Ｌ２）Ｇｏｔｏ　ｅ七　ａ１３），ａｎｄ　Ｓａｋａｔａ４）

１６８



examined

　

the

　

possibility

　

of

　

using

　

ａ

　

diffuser

　

to make

such

　

measurement

　

on

　

ａ

　

七wo-phase

　

system.

　　

They con-

eluded

　

that

　

pressure-recovery

　

in

　

the

　

diffuser

　

de-

creased

　

with

　

increasing

　

solids

　

rate.

　

However

　

the

manner

　

in which　the　error　varies　with　the　distance

along

　

the

　

diffuser

　

has

　

not

　

yet

　

been

　

determined, as

was

　

mentioned

　

by

　

Sakata。

　　　　

This

　

chapter Ｗｉ１:Ｌ　examine　七he　nature　and　extent

of

　

the

　

error, and　if　ﾆit　is　the　case　that　the　error

offers

　

ａ

　

problem,

　

methods

　

for

　

estimating

　

the

　

error

theoretically/

　

and

　

design

　

methods

　

for minimizing　the

error.

　　

工ｎ

　

particular.

　

it

　

is

　

shown

　

that

　

there

　

is

　

ａ

　　　　　　　

ゝdesign

　

method

　

for

　

reducing

　

the

　

error

　

to

　

zero.

Following

　

the

　

suggestion

　

of

　

Goto

　

et

　

alｚ　the　inves七ｉ‾

gation

　

is

　

carried

　

out

　

for

　

the

　

horizontal

　

part

　

of

　

ａ

pneximatic

　

conveyor.

７．２

　　

Theoretical

　

Approach

　　　　

工f.it　is　assiomed　that　七he　Ｐａｒ七icles　are　uniformly

suspendedダ

　

and

　

in

　

rather

　

:Low

　

concentra七ion,

　

the

　

wall-

friction

　

of

　

particles

　

may

　

be

　

regarded

　

as

　

negligible

in

　

ａ

　

ｄｉｆｆｕＳｅｒ２）″３）．

　　

Therefore, the　following　momen-

turn

　

balance

　

equation

　

is obtained.

ｄ Pm °　ｐａｕｄｕ十mp udv (7.1)

As

　

far

　

as

　

Eq.(7.1) is　concerned, the　right　hand　side

may

　

have

　

to

　

be

　

modified

　

to

　

account

　

for

　

the

　

efficiency

of

　

conversion

　

of momentum　into　pressure.　　This　　may

　　　　　　　　　　　　　　　　　　　　　　　

１６９



not be necessary/　however,　for　dealing with　the

relative

　

error, because　the　efficiencies　for　七he

first

　

term

　

and

　

the

　

second

　

七erni may　be　nearly　equal・

The

　

relative

　

error

　

is

　

defined

　

by

　

the

　

following

equation：

＝

　

ｍ

万

万

Ｘ

　

uv'dχ

uu" dx

(7.2)

where, Uq　and　ｖｏ　denote　七he　gas　velocity　and　the

particle

　

velocity

　

at

　

the

　

:inlet

　

of

　

七he

　

diffuser.

respective:Ly.

　

The

　

prime

　

represen七ｓ

　

the

　

deriva七ive

with

　

respec七

　

to

　

七he

　

coordinate

　

χ．

　

工ｎ

　

this

　

equa七ion.

the

　

denominator

　

shows

　

the

　

pressure

　

recovery

　

for

　

gas

flow

　

alone, and　the　numerator　shows　the　additional

recovery

　

by

　

the

　

solids

　

ｍｏｍｅｎ七um.

　　　　

Assioming

　

七he

　

incompressibility

　

of

　

gas

　

flowing

　

in

the

　

diffuser

　

section.

　

七he

　

veloci七ｙ

　

ｕ

　

can

　

be

　

expressed

by

　

the

　

following

　

equation;

Ｕ

　

＝ -

(１十〇ix) 2

タ a

　　

°

tan

　

ｏ

- （フ．３）

where

　

２ｅ　is　the･diver･ging　angle　of　七he　diffuser, and

r is　the　inside　radius　of　the　ｉｎ:Let　tube.

　　　　

０ｎ

　

the

　

assiimption

　

that

　

the

　

wall-fric七ion

　

of

particles

　

may

　

be

　

neglected

　

in

　

七he

　

diffuser, the
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particle velocity　ｖ　is　given　by　the　following　equation

of motion '：

,Ｃ

V'

　

’

:Ｌ（’ｕ’ｖ）＋Ｃ２

－

　　　　　　　

Ｖ

(ｕ－ｖ)5/3

where″Ｃ１

(7.4)

and

　

Ｃ２are　constants　which　are given　by

and,

Ｃ１

　

Ξ

　

１８

C2

(7.5)

(7.6)

-

Ｄｐ
２

L

'■p

Ｅ３言f?y]旦y/3

　　

工ｎ

　

Eq. (１.4) , the　drag　coefficient　appeared　in　七he

　　

study

　

of

　

町ａ･ｕａ･畔ぶ

　

ｅ七

　

ａ１５）ｉｓ

　

used。

　

However, the

・results

　

ｏｂ七ained

　

in

　

this

　

ｓ七udy

　

are

　

ｖａ･lid

　

even

　

in

　　

cases

　

where

　

other drag　coefficients are　used.

　　

Fig. 7.1　shows　the　velocities　U, V　and　the　trend　of

　　

the

　

rela七ive

　

error

　

calculated

　

by

　

numerical

　

integra-

　　

tion

　

using Schiller　and　Naumann's drag　coefficient.

　　

Particle

　

veloci七ｙ

　

ｖｏ

　

at

　

the

　

inlet

　

is

　

smaller

　

七han

　

the

　　

corresponding

　

gas

　

velocity

　

ｕＯ́ ｋ?ecause　the　particles

　　

have

　

been

　

affected

　

by wall　friction　in　the　straight

　　

pipe

　

section

　

:just

　

before

　

the

　

diffuser.

　　

０ｎ

　

entering

　　

the

　

diffuser,七he

　

particles

　

are

　

accelerated

　

by

　

七he

　　　　　　　　　　　　　　　　　　　　　　　　　

１７１



gas,

until

Then,

and

　

the

　

particle

　

veloci七ｙ

　

ｖ

　

increases

it

　

is

　

equal

　

to

　

七he

　

gas

　

veloci七ｙ

　

ｕ・

the

　

particles

　

are

　

decelera七ed

　

by

　

the

50

　
　
　

3 0

(
ｓ
/
ｕ
i
)Ａ
"
ｎ

｜

10

　

2 0

　
　
　
　
　

0

(
･
/
.
)
３
　
Ｊ
Ｏ
Ｊ
ｉ
ａ
　
Ｂ
Ａ
i
j
ｅ
i
ａ
Ｈ

　　　　　　　

inlet

Fig,7.1

　

Vel oci ti es　ｕ，ｖ　and　the

　　　　　　　

trend

　

of

　

the

　

re] ati ve　error

　　　　　　　　　

(numeri cal　integration)
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gas.

　　

After

　

ｖ

　

is

　

reduced

　

to the　initial　velocity　ｖＯ″

:it

　

approaches

　

gradually

　

to

　

the gas　velocity　ｕ． On

the

　

other

　

hand,

　

the

　

relative

　

error monotonously　in-

creases

　

with the　coordinate　χ．　This　trend　of　the

error

　

is

　

analytically

　

explained

　

by

　

Eqs.(7.2), (7.3)

and (7.4).

　　　　

From Eq. (7.2), i七　can be　seen　that　the　error　is

zero

　

at X = Xq or　Ｖ　＝ＶＯ；

　　　　　　　　　　

゛　ｒ｀７０

Ex

　

°ｍ

udv

udu

＝０ (7.7)

Aｐｐ:Lying

　

L'Hospi七ａ］-’Ｓ

　

theoreom

　

to

　

Eq.(7.2), the

limi七ing value　of　the　error　as　ｘ -り）ｉｓ　givenby　the

following

　

equation;

lim Ｅ ＝ｍ ｌｉｍ皆＝ｍ

χ-ﾀ･[X]

　　　　　　　

χ-ﾀｰ(Ｘ)

(7.8)

　　　　

These resul七ｓ　can　be　summarized as　follows:

The

　

ｒｅ:Lative

　

error

　

caused

　

by

　

the

　

solids

　

added

　

to

　

the

gas

　

flow

　

is

　

ａ monotone-increasina　function　of　the

coordinate

　

ｘ。

　

The

　

error

　

is

　

zero

　

at

　

ｘＯ″ negative　for

ｘ

　

＜

　

Xq, and　posi‘ﾋive　for　ｘ　〉　ｘＯ‘　　Further,
it　never

exceeds

　

the value　of　the　mass　flow　ratio　ｍ．
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Therefore
″
if　the position　ｘｏ can　be　estimated　in

some ｖrａｖ．　the　gas　flowrate　in　suspensions may　be

measured very　accura七ｅ１･ｙ°　Now,assuming　that　ｘｏ　is

determined, the　residual　error　arising　from　the　dif-

ference

　

between

　

the

　

measuring

　

point

　

ｘ

　

and

　

ｘＯ″may　be

estimated

　

from

　

the

　

gradient

　

of

　

the

　

error

　

curve

　

at

　

the

position･ｘＯ’

　

Taking

　

the

　

equation

　

Exn

　

°

　

Ｏ

　

ｉｎ七〇

　

con-

sideration, the　following　equa七ion　holds　in　the

neighborhood

　

of

　

ｘＯ；

Ｅ＝･ｍ

ぐ uv' dx

　
　

ｘ

　
　

ｄ

　
　

ｕ

　
　

ｕ

ｘ１

工ｆ

　

the

　

relation;

　

ＶＯ

‘ｙ 2ｍ
^xn

Ｕ０２ -

ＵＸ０２

（ＶＯ’Ｖ）

　

（７‘９）

‾Ｖ ゛ 1^X0　1 (x - Xq) is substi-

tuted

　

in

　

七he

　

above

　

equation, Eq。（1.9) reads;

E 2; 2m ＿_＿_

　

uxo

Ｕ'０
２　‾　^xo

　

０

Ｉ
χ

　

Ｖ
－

(X - X (7.10)

Note

　

that

　

^xo

　

°

　

0, and hence　七he　differential　form

of

　

this

　

equation

　

is

砦に゛2m
¬

ヤ０

Ｘ ＸＯ　　　　　Ｕ'02　‾ＵＸIO (7.11)
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Eliininati!ig ｖ’ｘ･Ｏ　by　use　ofthe　equation　of motion (フ.4),

the more　ｅｘｐﾕ-icit　formof　Eq. (7･.11) is　obtained　as ；

dE

Ｅ
ｌ

ｘo

dE
石

・ ３６ｍ

　　　

く

　

１８

　

ｍ

ＸＯ ゛

‰

ト

１７５

　

ｆ
―
一
６

万込

μａ
(Vq-U

　

ﾊﾟ辻ム立)

XO

　　

J

VO(ｕ02゛ｕｘ5)

‥‥‥‥（7.12）

(7.13)

Ｄ

　

２

　

ｐ 仙

工ｆ

　

the

　

position ｘｏ　is　determined, Uxq　can　be　calcu-

lated

　

from Eq. (7.3) .　Therefore, the　gradient　of　the

error

　

is

　

calculable

　

with

　

Eq.(7.12)

　　　　

NoＶ７，ｔhe　second　term　in　the　square　brackets　of

the

　

above

　

equation

　

is

　

smaller

　

than

　

ｕｎｉ七ｙwhen

ｖＯＤｐ（

　

３

　

X lO'* Icm/sec°　microns］in　the　case　of　　，

pnexomatic

　

conveying。

　

On

　

the

　

other

　

hand, when

^0°p

　

＞

　

３

　

×

　

10** , the　gradient　of　the　error　is　fairly

　　　　　　　　　　　　　　　　　　　　　　　　　　　

～small.

　

工ｎ

　

practical

　

applications,七herefore, the

second

　

term

　

in

　

the

　

brackets

　

may

　

be

　

regarded

　

as

　

neg-

ligible.

　

From

　

this

　

ｆａｃ七

　

and

　

the rela七ion;　ｕＯ＞　ＶＯ

〉

　

uxo ″Ｅｑ‘（７‘１２）　maybe simplified　as follows;

μａ

Ｄ

　

２ｐ

　

ｖ

　

ｐ

　

ｐ

　

ｏ

This

　

equation

　

shows

　

七hat

　

the

　

error

　

presen七ｓ

　

ａ

prob:Lem when　the　inertial　force　of　ａ　ｐａｒ七icle　is

smaller

　

than

　

the

　

viscous-force

　

of

　

the

　

fluid.



　　　　

The

　

next problem　is　七〇　ｅｓ七ｉｍａ七ｅ　the　position　at

which

　

the

　

error vanishes.　From　the　above　results

concerning

　

the

　

gradient

　

of

　

the

　

error,

　

the

　

second

term

　

of

　

Eq.(7.4) is　seen　to　be　negligible.　Then

Eq.(7.4) may　be　rewri七七en　as

V' ゜Ｃ１ (ｕ/Ｖ － 1)

Ａ

　

first

　

approximation

　

by Picard's　method

Ｖ°ＶＯ
十

　

Ｃ１
ユ

ＶO
言 -

-
ａ(１十

　

Ｘ)

(7.14)

gives

｝－ｘ］

　

（7.15）

When

　

the

　

velocity

　

ｖ

　

given

　

by

　

七his

　

equa七ion

　

is

　

sub-

ｓｔｉ七uted

　

into

　

Eq.(7.14), an　analytical　solu七ion　with

higher

　

accuracy will　be　obtained.　However, the

result

　

is

　

very

　

complica七ed,

　

and

　

proved

　

to

　

be

　

useless

in

　

prac七ice.

　　　　

Now, the　equa七ion　for　ｘｏ　isobtained　from Eq.(フ.15)

where

　

ｖ °ｖＯ‡

(ＸＸＯ

　

°
Ｌニム

　

φ0
ノ where,

　

φ0
-

-

-

VO
-
ＵO

(ﾌ.16)

This

　

equation

　

shows

　

ｔｈａ七

　

the

　

first

　

approximation

　

of

ｘｏ

　

is

　

determined

　

by the　dimensions　of　七he　diffuser

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

ｌand

　

the

　

velocity

　

ｌ°゛１七io

　

φＯ’

　　

The

　

characteris七ics

　

of

１７６



the

　

ｐｋ:)ｗｄｅｒ

　

are

　

not

　

included

　

explicitly

　

in

　

this

equation.

７．３

　　

Apparatus

　

and

　

Experimental

　

Procedure

　　　　　

工ｎ

　

this

　

experimen七ｊ

　

ａ

　

pneumatic･

　

conveyor

　

line

･operated

　

under

　

negative-pressure

　

is

　

used.

　

The

　

ｅχ－

ｐｅ!rimental

　

set

　

up

　

is

　

shown

　

in

　

Fig.フ．２．

　

Two

　

cyclones

are

　

installed

　

for

　

recovery

　

of

　

七he

　

solids.

　

工ｎ

　

the

downstream

　

side

　

of

　

this

　

convヽyor, there　are　installed

ａ

　

Western

　

type

　

Pito七

　

tube, a　flow-control　valve, and

ａ

　

bag-ヽfilter.

　

The

　

diffusers

　

used

　

are

　

shown

　

in

　

Fig.

7.3.

　　

Their

　

diverging

　

angles

　

are

　

５°，７°,10°and　１５°，

respec七ively.

　

The

　

ｓｅ:Lected

　

diffuser

　

is

　

ｐ:Laced

　

in

七he

　

horizontal

　

section

　

of

　

七he

　

piping

　

allowing

　

the,

appropriate

　

approach

　

length.

　　

工ｎ

　

order

　

七〇

　

charge

　

the

solid

　

ｐａｒ七icles

　

into

　

七he

　

conveyor, a　七able　feeder　is

used。

Table

　

７．１

　　

Properties

　

of

　

the

　

powder

　

materials

materials

　　　

mas-s

　

median

　　　　　　　　　　　　

ｄｉａ’Ｄｐ５０

mean

　

particle
ｇｉａ・
D [microns］

density

　

of

ａ

　

particle

ら､［ｇ/ｃｍ３］

Quartz

　

sand

　

Ｎ０．８

Glass

　

beads

Vinyl
Chloride

Flour

Quartz

　

sand
No. 5

１

　

５

　

５

　

７

　

０

５

　

５

　

１

　

５

　

８

　
　
　
　
　

１

　
　
　
　

３

i
ｎ

Ｃ
Ｎ

Ｃ
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０
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Fig.7. 2　　Schemati c　diagram　of the

　　　　　　　

experimental

　

setup
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Materials

　

used

　

are

　

quartz

　

sand

　

No.8 (fine)。glass

beads ｚ　vinyl　chloride　powder,　flou:r, and　quartz　sand

No.5 (coarse).　The　proper七ies　of　these　powders　are

shown

　

in

　

Table

　

7.1, and　their　size　distributions　are

presented

　

in

　

Fig. 7.4。

　　　　　

The

　

powder

　

flow

　

ｒａ七ｅ

　

is

　

checked

　

by weighing　the

amount

　

of

　

powder

　

collected

　

in

　

ａ

　

measured

　

sampling

period of　１５～２００　seconds　before　andafter each ｅχ-

periment.

　　

Air

　

flow

　

is

　

monitored by　the　Ｐｉ七〇ｔ　tiobe.

and

　

strain-gauges ，･transducers, and　an　on-line　hybrid

computer (CLAOP‘2000) are　used　for　measurement　of　the

pressure

　

difference.

　

The

　

system

　

used

　

for

　

these

　

on-

line

　

stMdies

　

is

　

shown

　

schematically

　

in

　

Fig 。　７。５。

　　　　　

The

　

pressure

　

difference

　

is

　

converted

　

to

　

an

electrical

　

signal

　

by

　

the

　

七ransducer.

　

Any

　

noise.

which

　

is

　

taken

　

七〇

　

be

　

七hose

　

signal

　

components

　

having

ａ

　

frequency

　

higher

　

七han

　

１０

　

Ｈｚ・is

　

cut

　

off

　

by

　

use

　

of

the

　

analog

　

part

　

of

　

the

　

Ｃｏｍｐｕ七er.

　　

The

　

analog

　

Ｓ･ignal

is

　

then

　

converted

　

to

　

ａ

　

digi七ａ１

　

signal, and　the　arith-

metic

　

mean

　

of

　

the

　

sampled

　

data

　

is

　

typed

　

out

　

as

　

the

corresponding

　

pressure

　

value.

　　

This on-line　system

saves

　

the

　

time

　

required

　

to

　

take

　

the

　

data, and　reduces

personal

　

errors.

7.4.

　

Results

　

and

　

Discussions

　　　　

The

　

analytical

　

values

　

calcula七ed

　

by

　

Eq.(7.13)

are

　

compared with　the　results　of　the　nuinerical　inte-

gration

　

obtained

　

by

　

the

　

digi七al

　

computer (FACOM　230-

６０）．

　　

Fig. 7.6　shows　ａ　ｓｅ七　〇ｆ　七he　results　on　the　gradi-
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ent

　

of

　

the

　

error.

　　

When

　

particle

　

size

　

is

　

small, the

right

　

hand

　

side

　

o£

　

Ｅｑ。（７．。13)gives　ａ　１１七七1e　:Larger

value

　

than

　

that

　

Ｃａ:Lculated

　

numerically.

　　

工七

　

１ｓ，

however, sufficient　as　far　as　the　estimation　of　the

magnitude

　

of

　

the

　

error

　

is

　

concerned.

　

Ｆｉｇ。７．７

　

shows

七he

　

comparison

　

between

　

ｘｏ

　

calculated

　

by

　

Ｅｑバフ.16) and

ｘｏ

　

obtained

　

by

　

ｎｕｍｅ:rical

　

integration°

　

When

　

particle

size

　

is large.　the　coincidence　６ｆ　the　analytical

result

　

and

　

numerical

　

one

　

is

　

not

　

good.

　　

The

　

disagree-

ment

　

is

　

not

　

serious, however, because　the　gradient　of

the

　

error

　

itself

　

is

　

very

　

small

　

in

　

this

　

case。

　　　　　

The

　

relative ･error　Ｅ　has･been　defined　in　ｒｅ:La-

tion

　

ｔ６

　

the

　

pressure

　

difference

　

measurements.

　

Now,

the

　

corresponding

　

relative

　

error

　

for

　

measuring

　

the

gas

　

flow

　

ｒａ七ｅ

　

is

　

introduced

　

as

　

follows ；

ｅ 一

一
一

Qm 。－　Ｑ
-

　　

Ｑ

(7.17)

where/

　

Qm

　

is

　

the

　

flow

　

rate

　

ｅｓ七ｉｍａ七edby　use　of　the

pressure

　

difference Z＼Pm/ and　Ｑ　is　the　ａＣ七ual　flow

rate

　

of

　

the

　

gas.

　　

As

　

七he

　

pressure

　

difference

　

is

　

in

proportion

　

to

　

the

　

square

　

of

　

七he

　

gas

　

flow rate, Eq。

(7.17) may be　rewritten　ａＳ：

e＝

　

，/匹

　

－

　

1 ^ |e

183

(7.18)



That

　

is.

　

the erxor ｅ　ｆｏエ:measuring　the　gas　flow rate

is

　

about the half　the e:rror　Ｅ．

　　　　

The results　presented　in　Fig.プ．８　indicate　the

magnitude

　

of

　

the error.　Calcula七ed　values　are　shown

by

　

lines.

　　

The

　

mean

　

ｐａエrticle

　

diameters

　

defined

　

by

　

the

following

　

equation

　

are used　in　the　calculations.

5p ’へ/ｼﾐﾃｼjkﾃﾞ (7.19)

When

　

the

　

particle

　

size

　

distribution

　

is

　

log-normal,

Eq. (フ.19) is　equivalent　to

5p ’ 1n｀（Dp50 ’1! ） (7.20)

where, 0　° 1n　°P84　’ 1n7 Dp50’ Ｔｈｅ瓜ean　particle

diameters

　

of

　

the

　

quartz

　

sand

　

No.8, the　glass　beads ｚ

and

　

the

　

vinyl

　

chloride

　

powder

　

are

　

calculated

　

using

this

　

equation.

　

The

　

particle

　

velocity

　

ｖｏ

　

and

　

the

velooity-:l°ａｔ1°

　　

φ0

　

are

　

calculated

　

from

　

the pressure

difference

　

measured

　

at

　

the

　

stra:Ight

　

pipe

　

section

　

just

before the diffｕｓｅｒ9）。 The　ｖａヱ･iation　of　these　values

in

　

the

　

ｅχperlments

　

made

　

under

　

constant

　

dynamic

　

pres-

sure, Is　so　small　that　the　mean　values　are　used。

　　　　

?ｈｅ

　

calculated

　

values

　

for

　

the

　

quartz

　

sand

　

No. 8

and ｔｈ●　flour　are　fairly　large　as　shown　in b) and　ｃ）

of

　

Fig. ７１．８．　　These　differences　between　ｔｈ●　experimen-

１８４
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一心≒ｈ品2方啜昌､叙こ;ン

　

°p ° 90　μ　for　the　flour.

The

　

ｓｙ㎡ｂｏ:Ls

　

indicate

　

ｅχperimental

values.
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tal

　

and

　

the

　

theoretical･

　

results

　

!ｎｉ!ｙbe　atti：ibutable　to

the

　

agglomeration of　the　finer particles　　For　re-

feren‘ce, the mean　ｐａｒ七icle　diameter　determined by　the

reverse

　

calculation

　

are, approximately,　７０　and　９０

microns

　

for

　

quartz

　

sand

　

Ｎ０．８　and　flour ダ　respectively・

工ｎ

　

th

　case　of　the　vinyl　chloride　powder　and　the

glass

　

beads/

　

the

　

calculated

　

errors

　

agree

　

ｗｉ七ｈ

　

the

experimental

　

ｄａ七a, as　shown　in　a) and　e) of　Fig.7.8.

工ｎ

　

these

　

cases, it　is　assumed　that　agglomeration　has

not

　

occurred, because　the　vinyl　ｃｈ:Loride　particles

are

　

fairly

　

large

　

on

　

the

　

one

　

hand

　

and

　

the

　

glass

　

beads

have

　

good

　

dispersibility

　

ｏｌ｀

　

the

　

other.

　　　　　

Ｆ：Ig.7.8-d) shows　some　of　the　results　obtained

using

　

diffuser

　

工工工（ｅ

　

＝

　

５°）．

　

工ｎ

　

this

　

case, the　error

becomes

　

negative with　increasing　particle　velocity　ＶＯ

and mass　flow　ratio　ｍ．　　This　phenomenon may　aifise

from the　separation of　the　fluid　from　the wall゛）．Ａｓ

the

　

flow

　

disturbance

　

is

　

aggravated

　

by

　

the

　

particles,

the

　

separation

　

occurs

　

more

　

readily.

　　

When

　

七he

　

sepa-

ration

　

sets

　

in,

　

pressure

　

recovery

　

becoines

　

smaller,

even

　

though

　

the

　

dynamic

　

pressure

　

is

　

constant.

　

When

the

　

diverging angle　is　fixed,　this　phenomenon　occurs

more

　

easily

　

at

　

smaller mass　flow　ratios　as　the　par-

tide

　

velocity

　

becomes

　

higher.

　　

As

　

shown

　

in

　

Fig.フ.8-e),

゛）

工ｆwe　assume　that　七his　phenomenon　arises　from　the

failure

　

of

　

original

　

assumption/七hat

　

the

　

wall-fric-

tion

　

of

　

the

　

particles

　

:Is

　

negligible

　

in

　

the

　

diffuser,

we

　

cannot explain　the ‘fact　ｔｈ&七　the　phenomenon　is　not

observed when　the　diffuser with　smal:Ｌ　diverging　angle

is

　

used。
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however･ｆ．

　

this

　

phenomenon

　

cannot

　

be

　

seen

　

in

　

七he

　

ex-

periments. with　small･ｅ:r　mass　flow ，ｒａ七io　and　lower

partic:Le

　

velocity/

　

even

　

when

　　

ｅ

　

＝

　

フ．５°。

　

Further,

this

　

phenomenon

　

ｄｅがends

　

on

　

the

　

shape

　

of

　

七he

　

ｐａｒ七icle.

and

　

occurs

　

more

　

readily

　

for

　

quartz

　

sand

　

No. 8　than　for

glass

　

beads.

　　　　　

Fig.フ．９

　

shows

　

the

　

experimental

　

results

　

proving

the

　

existence

　

of

　

a position　ｘｏ　at which　the　relative

error is　zero.　Calculated　values ^O,calc.　　are　also

indicated

　

in

　

this

　

figure。

　

From

　

theise

　

results ，ｉ七　is

found

　

that

　

the

　

coincidence

　

between

　

the

　

experimental

and

　

the

　

calculated Xq　is　very　satisfactory‘　　Ｆｉｇ°ブ９’

ｃ）

　

sh6ws

　

the

　

experimental

　

results

　

ｏｂ七ained when　the

measuring

　

position ｘ　is　shorter　than　the　ｘｏ　ｅｓ七imated

by

　

Eq. (フ.16) .　工ｎ　this　case, the　error　is　negative　as

estimated

　

by

　

the

　

theory.

　

These

　

ｄａ七ａ

　

are

　

similar

　

to

that

　

of

　

Farbar, Barth　et　al, Goto　et　al　and　Sakata.

　　　　　

The

　

following

　

discussion

　

is

　

concerned with　the

effects

　

of

　

powder

　

properties

　

on

　

七he

　

magnitude

　

of

　

the

error.

　　

The

　

difference

　

in

　

七he

　

magnitude

　

of

　

the

　

error

obtained by　several　authors　using　the　coarse　par-

ｔｉｃ:Lesｒ　may　arise　from　differing　values　of (x-Xq)‘

That

　

is. the　error　can be　fairly　large.　even　if　七he

coarse

　

ｐａｒ七icles

　

are

　

used.

　　

The

　

equiva:Ｌｅｎ七

　

difference

（ｘ“ｘＯ）″which

　

gives

　

rise 七〇　an　error　of equal　magni-

tude

　

for

　

the

　

systems

　

ｌ

　

and

　

２ｚ　is　given by Eq ．(7.21),

which

　

is

　

developed

　

ｆ:roitiEq. (フ．:Ｌ３）．

(.Ｘ

－

(Ｘ

:XO）

-

゛O）

大
聶

ｔ１公
』

Ｉ
ゴ
汗

ｐ
ｐ
一
Ｄ
ｐ

１８７

(7.21)
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axial

　

posi
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０
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０
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Note：

　　

ｘｏ

　

indicates

　

the

　

position

　

at
which

　

the

　

error

　

vanishes.

　

The

　

values
of ^0, calc. ^re　determined　by　use　of

Eg.

　

(7.16).
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工ｎ

　

this

　

equation. as　the　particle　velocity　ｖＯ　is

limited by the　gas　velocity.　the　effec七　〇ｆ　the　powder

properties

　

on

　

ＶＯ

　

is

　

small.

　

Howe‘ver,

　

the

　

particle

diameter

　

°p and　the　density　ｐｐ　are　independent　of　七he

flow

　

conditions.

　

The

　

error

　

involved

　

in an　experiment

using

　

coarse

　

and

　

heavy

　

particles

　

may,

　

therefore, be

smaller,

　

when

　

the

　

difference

　

of （゜c-Xq) is　kept　the

same,

　

than

　

in

　

the

　

case

　

of

　

fine,

　

light

　

particles.

Howeveりｌ

　

ａ

　

large

　

difference (x-x_) may　cause　ａ　large

error,

　

even

　

if

　

heavy

　

and

　

coarse

　

particles

　

are

　

in-

vestigated。

　　　　　

Sunrn arizing　the　above　discussion, the　published

data

　

for

　

large

　

particles, and　the results　of　七his

study

　

for

　

small

　

ｐａｒ七icles ｚ　have　been　explained　con-

sistently

　

taking

　

into

　

accoun七

　

七he

　

ｎａ七ure

　

of

　

the

variation

　

in

　

the

　

magnitude

　

of

　

the

　

error

　

and

　

the

　

fact

that

　

there

　

is

　

ａ

　

position

　

at

　

which

　

the

　

error

　

vanishes.

Eq.(7.8), showing　ｔｈａ七　the　error　does　not　exceed　the

mass

　

flow

　

ratio/ will　prove　useful　when　ａ　１０ｗ mass

flow

　

ratio

　

system

　

as

　

ａ

　

ｄｕｓ七

　

collector

　

is

　

involved.

The

　

remark

　

by

　

Goto

　

et

　

al

　

that

　

the

　

larger

　

the

　

diverg-

ing

　

ａｎｇ:Le

　

is, the　smaller　七he　error ｗ･ill　be, may　not

be

　

very

　

important

　

in

　

the

　

design

　

of

　

the

　

diffuser.

　

工七

may be more　desirab:Le　七〇　design　the　diverging　angle

less

　

than

　

７°。

　

工ｎ

　

七he

　

system

　

using

　

large

　

particles,

the

　

velocity ratio　φＯ　is　cons七゛l七１１’１２）｀゛ｉｔｈｏ１１七　１°ｅ‾

course

　

to

　

the

　

mass

　

ｆ:Low

　

ratio

　

ｍ

　

and

　

the

　

gas

　

velocity

ｕ°

　

The

　

position

　

ｘｏ

　

can, therefore.　be　estimated

knowing

　

the

　

proper七ies

　

of

　

the

　

Ｐａｒ七icles

　

and

　

七he

dimensions

　

of

　

the

　

diffuser。

１８９



７．５

　　

Conclusion

　　　　　

Prom

　

the

　

study

　

in

　

this

　

chapter

　

on

　

the

　

measure-

ment

　

of

　

the

　

gas

　

flow

　

rate

　

in

　

gas-solid

　

suspensions

by

　

use

　

of

　

ａ

　

diffuser, i七　is　concluded　that：

１．

　

The

　

relative

　

error

　

for

　

the

　

measurement

　

is

　

ａ

monotone-increasing

　

function

　

of

　

the

　

measuring

position, and　the　value　of　the　error　approaches

that

　

of

　

the mass　flow　ratio.

２．

　　

Thete

　

esists

　

ａ

　

position

　

ａ七which

　

七he

　

error

vanishes.

　

This

　

position, Xq , can　be　estimated　by

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

ｋ
using Eq.(7.16〉．

３．

　

The

　

residual

　

error, when　the　measuring　position

does

　

not

　

coincide

　

with

　

ｘＯ″ｉｓｅｓ七imable　withEq・

(7.13〉．

工ｎ

　

general,

　

the

　

error

　

may

　

be

　

large

　

in

　

systems

　

in-

volving

　

fine

　

and

　

light

　

particles.

　

工n.case　of　coarse

and

　

heavy particle　ｓｙｓ七ems　七he　errormay　also　be

large, if　the　above　remarks　are　ｎｏ七　七aken　into

consideration.
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C1″Ｃ2

　

ｐ

　
　

ｐ

Ｄ

　

－
Ｄ

　
　
　
　
　
　
　
　
　
　
　
　

ｍ

　
　
　
　
　
　
　
　

Ｉ

　

Ｐ

Ｅ

　
　

ｅ

　
　

ｆ

　
　

△

△Pa

　

ｍＱ

　

（
‥
Ｍ

　
　

ｒ

　
　
　
　
　

ｕ

　
　

ｖ

　
　

ｘ

XO

Nomenclature

constants, Eqs.(7.5) and (7.6)

particle

　

diameter

mean

　

ｐａｒ七ic:Le

　

diameter, Eqs. (フ.19)

and (7.20)

relative

　

error

　

defined

　

by

　

Eq. (フ．２）

relative

　

error

　

defined by　Eq. (フ.17)

ｐａｒ七icle

　

size

　

distribution

pressure

　

recovery

　

of

　

gas-solids

suspensions

　

flowing

　

in

　

the

　

diffuser

pressure

　

recovery

　

of

　

gas

　

flow

　

alone

gas

　

flow

　

rate

　

calculated

　

by

　

△Pm

actual

　

gas

　

flow

　

rate

inside

　

radius

　

of

　

the

　

diffuser

　

inlet

pipe

gas

　

velocity

particle

　

velocity

coordina七ｅ

　

in

　

ａχial

　

direction

position

　

at which　the　error　Ｅ　or　ｅ

vanishes

１９１



Greek

　

ｌｅ七七ers

a

ｅ

μａ

　

ａ

　
　

ｐ

　
　

ｏ

ｐ

　
　

ｐ

　

-
e
卜

cons七ant

　

determined with　ｅ　and　r/ de-

fined by Eq. (7.3)

half

　

of

　

the

　

diverging

　

angle

　

of

　

the

diffuser

viscosi七ｙ

　

of

　

the

　

gas

density

　

of

　

七he

　

gas

density

　

of

　

the

　

particle

velocity

　

ratio

　

defined

　

by

　

Eq. (7.16)

References

:Ｌ）

　

Farbar, L. ,”The　ｖｅｎ七uri　as　ａ　Meter　for　Gas-

　　　

Solids

　

Mixtures ”， Trans. of　ｔｈｅ･ASME, 75, 943

　　　　　　　　　　　　　　　　　　　　　　　　　　　

-

　　　

(1953)

２）

　

Barth,

　

W., R. Nagel, and　K. van‘ Waveren ， "Neues

　　　　

Verfahren

　

zur

　

Ｂｅｓ七iiranung

　

der

　

augenblicklich

　　　　

geforderten

　

Gutmengen

　

im

　

LuftStrom

　

bei

　　　　

pneumatischer

　

Forderung” ， Chemie一エng.-Techn.,

　　　　

29, 599 (1957)

３）

　

工inoya/ K. and　K. Goto, ”Solid-gas

　

Two

　

Phase

　　　　　　　　　　　　　　　　　　　　　

－
Ｆ:Lowmeter", Kagaku　Kogaku, 21,　８０　。（:L963)

１９２



４）

　

Sakata, M.. "Solid-Gas　Two-Phase　Flow　in　the

　　　　

Venturi

　

Tube”／

　

Trans.

　

of

　

the

　

Japan

　

Soc, of

　　　　

Mech.

　

Engrs ・， 37, 1560 (1971)

　　　　　　　　　　　　　　　　

-

5）

　

TTatuiOLlKﾚ,ぷ

　

, H. B. and HM. CWPOM^THMKOB　，

　　　

”ＫＲへCHET^

　　

TTbIJTEF°AGXOnOMEPOB ”，

　

ＭＨ凍:EHEPMO一中M3ﾚ圀ΞｃＫﾚ丿1

!ヱ, 26 (1969)

ｘｊ PHAJl ，

６）

　

Tanaka. Z. and　Ｋ．工inoya, "New　Approχｉｍａ七ｅ

　　　　

Equation

　

of

　

Drag

　

Coefficient

　

for

　

Spherical

　　　　

Particles" ,　Ｊ．　Chem.　Ｅｎｇ・ｚ　Japan,　旦ｚ　261 (1970)

７）

　

Schiller, L. and　Ａ．　Naumann;　Ｚ ．Ｖ．Ｄ．工・, 22,

　　　　　　　　　　　　　　　　　　　　　　　

-

　　

(1933)

３１８

８）

　

Lapwood, E. R., "The　International　Encyclopedia

　　　　

of

　

Physical

　

Chemis七ry

　

and

　

Chemica:Ｌ

　

Physics" ,

　　　　

Topic

　

1,

　

Vol.

　

１ｚ

　

ｐ．

　

179,

　

Pergamon

　

Press,

　

London

　　　　

(1968)

９）

　

Weidner, G., "Grundsatzliche　Untersuchung　liber

　　　　

den pneumatischen　Fordervorgang, imbesondere

　　　　

iiber

　

die

　

Vorhal-ﾋnisse

　

bei

　

Beschleunigung

　

und

　　　　

Umlenkung", Forschung, 21, 145 (1955)

　　　　　　　　　　　　　　　　　　　　　　　　

-

１０）

　

Boothroyd, R. G・, "Similari七ｙ　in　Gas-Borne

　　　　　

Ｆ:Lowing

　

Ｐａｒ七icula七ｅ

　

Suspensions",

　

Trans. ０ｆthe

　　　　　

ASME, ser.　B, 91､, 303 (1969)

　　　　　　　　　　　　　　　　　　

-

１９３



11） :Einoya, K., T. Kamimura, and　y. Tsukada,

”Some

　

studies

　

on

　

ａ

　

Pneuma七ic

　

Conveyor”ｊ

　　　　　　　

－
Kagaku

　

Kogaku,･23, 400 (1959)

１２）

　

Barth/ W.,”Stromungsvorgange　beiiti　Transport

　　　　　

von

　

Festtei:Lchen

　

und

　

Flussigkeitsteilchen

　

in

　　　　　

Gasen". Chemie一ｴng.-Techn., 30, 171 (1958)

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

-

１９４



CHAPTER

　　

８

ＣＯＮＣＬＵＳ工ON

　　　　　

The

　

characteristics

　

of

　

powder

　

feeders

　

and

　

of

　

the

methods

　

for

　

measuring

　

the

　

gas

　

ｆ:Low

　

rate

　

in

　

gas-solids

two-phase

　

flow

　

are

　

studied.

　　

The

　

basic

　

problems

peculiar

　

to

　

particulate

　

processes

　

are

　

also

　

discussed.

The

　

significance

　

of

　

the

　

mean

　

particle diameter　in　re-

1ation

　

to

　

the

　

analysis

　

of

　

particulate

　

processes

　

and

the

　

scatter

　

of

　

七he

　

experimental

　

ｄａ七ａ

　

attributable

　

七〇

the

　

particle

　

size

　

distribution

　

are

　

discussed

　

in

　

Part

工. The　static　and　dynamic　charac七eristics　of　ａ　screw

feeder, Vibra　screw　feeder, Flo-tron, be:Lt　feeder,

table

　

feeder

　

and

　

ａ

　

rotary

　

feeder

　

are

　

studied

　

in

　

Part

工工．

　

The

　

venturi-type

　

Gas-flow

　

meter

　

used

　

general:ly

for

　

measuring

　

gas

　

flow

　

rate

　

in

　

gas-solids

　

two-phase

flow

　

is

　

examined

　

in

　

Ｐａｒ七

　

工工工．

　

As

　

ａ

　

result

　

of

　

this

study

　

it

　

is

　

recommended

　

七ｈａ七

　

ｉ七be

　

used

　

as

　

ａ basic

device

　

for measuring　the　powder　flow　rate　in　the

two-phase

　

flow.

　　　　　

The

　

main

　

resul七ｓ

　

obtained

　

in

　

Ｐａｒ七

　

工

　

are

　

that

the

　

mean

　

ｐａｒ七icle

　

diameter

　

is

　

one

　

of

　

the

　

most

　

impor-

tant

　

factors

　

in

　

the

　

analysis

　

of

　

the

　

ｄａ七ａ

　

ｏｂ七ained

using

　

poly-disperse

　

powder,

　

and

　

七hat

　

七he

　

particle

size

　

distribution

　

can

　

cause

　

appreciable

　

ｓｃａ七七er

　

of

the

　

experimental

　

ｄａ七ａ．

　

The

　

mean

　

particle

　

diameter

　　　　　　　　　　　　　　　　　　　　　　　　

:Ｌ９５



is

　

defined

　

most

　

exactly

　

by

5ｐ ° y" (y) (2.8)

where

　

ｙ ’１　is　an　inverse　function　of　七he　mono-disperse

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

－
particle

　

process

　

variable

　

and

　

ｙ

　

ａ

　

linear

　

estimate

　

of

the

　

poly-disperse

　

ｐａｒ七iculate

　

process

　

variable.

　　

工ｆ

the

　

experimental

　

data

　

are

　

studied

　

using

　

this

　

mean

particle

　

diameter, the　scattering　arising　from　the

ambiguous

　

use

　

of

　

the

　

mean

　

ｐａｒ七icle

　

diameter

　

is

　

elimi-

nated.

　

０ｎ

　

the

　

other

　

hand, the　scatter　of　ｄａ七ａ　caused

by

　

the

　

size

　

distribution

　

may

　

increase

　

with

　

the

　

Stan-

dard

　

deviation

　

and

　

other

　

factors.

　

When

　

the

　

si ze

distribution

　

is

　

log-normal

　

and

　

the

　

Ｐ:rocess

　

is

　

repre-

sented

　

by

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　

‘

ｙ

　

°

　

Ｋ

　

Ｄ

　

ａ

　　　　　　　

ｐ

the

　

distribution

　

of

　

In

　

Ｄ｡、／

　

Ｄ｡、

　

is

　

given by

　　　　

－

　　

－●
f (In V°P

　　　　　　　　　　　　　　　

?2

）＝

　　　　　　

/Ｅ

　　　　　　

ｅ‾７Φ（ｚ）

１９６

(3.16)



where

and

　　　

/K(ln i5　/d' + coVn)
外

　　

a/2c2a2 + 1

Ｚ ｿ⊇ドム

4･（Ｚ）＝
ヱ

ー
/2Tr

(２Ｃ In

弓2
dz

－
Ｄ
２

５‘

　

ｐ

十

　

２Ｃ２（Ｊ２

　

十

　

１）

This

　

sampling

　

distribution

　

shows

　

ａ

　

bias .

D'{exp(-caVn) -　１}．　　Fortuna七ely,　this　bias　becomes

rapidly

　

smaller with　increasing　number　of　particles

ｎ．

　　

The

　

number

　

of

　

particles

　

required

　

to

　

ensure

　

that

ａ

　

desired

　

percentage

　

of

　

the

　

ｄａ七ａ

　

is

　

within

　

ａ

　

desig-

nated

　

range

　

of

　

error

　

is

　

given

　

by

１０ｇ ｎ肯　゜－２　log 6　十　log　ω

where,

ωΞ．Ｕ２．ａ２．(Ｊ２(２Ｃ２[Ｊ２

　

十].)

4･（-lｕl）＝
１ - P(　ｅ　≦　６）

　　　

２

　　　　　　

１９７

(3.27)



and

　

P(|e|

　

≦

　

6) is　ａ　probability　that　the　experimental

data may　ｂｅ･Ｗｉ七hin　therange　of　relative　error　－６　to

イ６．

　

工七

　

is

　

possible to　use　七his　equation　in　calcula-

ting

　

the

　

number

　

of

　

particles

　

required

　

in

　

an

　

experi-

ment, and　also　in　estimating　the　error when　七he

number

　

of

　

particles

　

is

　

given.

　　　　　

Part

　

工工

　

gives

　

the

　

results

　

on

　

the

　

characteristics

of

　

several

　

kinds

　

of

　

feeder.

　

工七

　

is

　

found

　

ｔｈａ七

　

almost

ａ１:Ｌ

　

of

　

these

　

feeders

　

have, delay一七imes.　工ｎ　addition,

the

　

table

　

feeder

　

shows

　

ａ

　

deriva七ive

　

response

　

in

　

ａ

particular･ operating　range.　　Because　of　this, a　table

feeder

　

is

　

well

　

suited

　

for

　

use

　

as

　

ａ

　

final

　

control

means.

　　　　　

工七

　

is

　

found

　

七ｈａ七

　

七he

　

shape

　

of

　

the

　

powder

　

bed' on

七he

　

table

　

can

　

be

　

represented

　

by

　

the

　

ｆｏ:Llowing

equation:

y＝Ｙ＝Ｌ(1＋Ｌ)１ｎ９一汁-μり２＋主(ｒ－Ｒ)

　

(5.4)
ω２ μ２ ｇ

　

十

　

μＲω２

　　

μ

The

　

relationship

　

ｂｅ七ween

　

the

　

discharge

　

rate

　

of

　

七he

particles

　

and

　

both

　

the

　

scraper

　

position

　

and

　

rotation-

al

　

speed

　

of

　

the

　

table

　

in

　

the

　

ｓ七eady

　

state.

　

can

　

be

ｅｓ七imated with　fairly　good　accuracy　provided　七he

shape

　

of

　

七he

　

powder

　

bed

　

is

　

taken

　

ｉｎ七〇

　

consideration.

The

　

dynamic

　

charac七eristic

　

of

　

七he

　

discharge

　

rate

regulated

　

by

　

the

　

scraper

　

is

　

of

　

deriva七ive

　

nature

ﾕ．９８



when

　

the

　

relative

　

scraper

　

position

　

is

　

larger

　

七han

　

ｘｃ

determined by

ｘｃ °６０“　Ｙｃ／七an 9x (5.27)

This

　

characteris七ic

　

is

　

ａ七七ributable

　

七〇

　

the

　

fact

　

ｔｈａ七

the

　

slope

　

of

　

the

　

Y-curve

　

is

　

larger

　

than

　

the

　

angle

　

of

repose

　

in

　

the

　

above

　

case.

　

The

　

different

　

type

　

of

　

step

response

　

under

　

various

　

opera七ing

　

conditions

　

can

　

be

explained

　

on

　

the

　

basis

　

of

　

the

　

rela七ion

　

ｂｅ七ween

　

the

slope

　

of

　

the

　

Y-curve

　

and

　

the

　

angle

　

of

　

repose.

　

The

response

　

can

　

be

　

approxima七ed

　

by

　

七he

　

following

equa七ｉｏｎ：

where

ｙｎ°Ｒ

３

　

Ａ
『

ｒ
Ｌ
ｔ
Ｌ
Ｌ
ｋ

主
３ぐ
yn

-
tan

　

ｏ 十Ｒ）

１

　

十

3yn-l

　　　　　　　

6W^
一一

Ｒ

　

tan

　

ｏ Ｒ３ｐＢω　七ane

(5.16)

Ｊ

　
　

―

　
　

一

●●●●●●●●

tan

　

ｅ

(5.15)

工ｔ

　

is

　

also

　

found

　

七hat

　

the

　

Y-curve

　

depends

　

on

　

the

properties

　

of

　

the

　

powder.

　　

This

　

ｆａｃ七

　

is

　

represented

by

　

ａ

　

parameter

　

Ｋ；

１９９



Ｋ

　

IS

positive/ for　powders　of　high

　　　　　　　　　　

flowability

zero
ｆ for

　

powders

　

of

moderate

　

flowability

negative,

　

for

　

powders

　

of

　

low

　　　　　　　　　　

flowability

(5.38)

The

　

dynamic

　

characteristic

　

of

　

the

　

discharge

　

rate

regulated

　　

by

　

changing

　

the

　

rotational

　

speed

　

of

　

the

table

　

is

　

also

　

derivative

　

in

　

nature, when　the　scraper

position and the effect of the force 判ｄω/dtI are

large.

　　　　　

An

　

inclination

　

in

　

the

　

installa七ion

　

of

　

the

　

table

causes

　

ａ

　

periodic

　

fluctuation

　

in

　

the

　

discharge

　

rate

of

　

the

　

particles.

　

This

　

fact

　

suggests

　

that

　

the

　

table

feeder

　

may

　

be

　

used

　

as

　

ａ

　

sine-wave

　

generator

　

for

studies

　

in

　

the

　

dynamic

　

characteristics

　

of

　

ａ

　

particu-

late

　

process ・

　　　　　

The

　

discharge

　

rate

　

of

　

ｐａ:r七icles

　

from

　

ａ

　

rotary

feeder

　

inherently

　

fluctuates.

　

However

　

the

　

mean

　

dis-

charge

　

rate

　

can

　

be

　

estimated

　

as

　

shown

　

earlier.

　

The

motion

　

of

　

ａ

　

particle

　

in

　

the

　

ｒｏ七ary

　

feeder

　

can

　

be

　

ａｐ“

proximated

　

by

　

七he

　

following

　

equa七ion:

諮゜ΣIJ十ｇ
COS0 ‾（1‾ｇ sin0)y -ﾔＤ七弩

２００

(6.1)



ｗｈ‘ere,y　denotes　the　ｉ．ｎ七er-part：icle　friction　factor。

Ｓ

　

denotes

　

the

　

Coriolis ’ force　and Cd　denotes　the

drag-coefficient。

　

The ‘volumetric　efficiency　can　be

estimated

　

up

　

to

　

１００

　

ｒｐｍ。

　

The

　

effect

　

of

　

the

　

particle

size

　

distribution

　

on

　

an

　

estimation

　

can

　

be

　

represented

by

－
n ゛Σｆ(Ｄｐｉ)ＴＩ(Ｄｐｉ) (6.20)

工七

　

is

　

also

　

found

　

that

　

the

　

dynamic

　

characteristic

　

of

the

　

rotary

　

feeder

　

is

　

approximated

　

by

　

ａ

　

first-order

time

　

delay・

　　　　　

The

　

main

　

results

　

obtained

　

in

　

Part

　

ｌ工ｌ

　

are

　

that

七he

　

relative

　

error

　

for

　

the

　

measurement

　

of

　

the

　

gas

flow

　

rate

　

in

　

gas-solids

　

七wo-phase

　

flow

　

is

　

ａ monotone-

increasing

　

func七ion

　

of

　

七he

　

measuring

　

position, that

the

　

value

　

of

　

the

　

error

　

approaches

　

that

　

of

　

the

　

mass

ｆ:Low

　

ratio, and　ｔｈａ七　there　exists　ａ　position　where

the

　

error

　

vanishes 。　This　posi七ion　can　be　estima七ed

by

1‾φ0
／
where φ0

-

-

VO
-
ＵO

(ﾌ.16)

The

　

residual

　

error,　when

　

七he

　

measuring

　

position

　

does

ｎｏ七

　

coincide

　

ｗｉ七ｈ

　

Xq, is estimable　with　the　following

equation:

２０１



器|

XO

く
｀
:Ｌ８ ｍ

D'Ｐ2

乙

Pp^O

(7.13)

　　　　　

The

　

physical

　

significance

　

of

　

the

　

mean

　

particle

diameter

　

and

　

the

　

scatter

　

of

　

data

　

due

　

to

　

the

　

particle-

size-distribution

　

have

　

been

　

clarified.

　

The

　

relation

between

　

the

　

proper七ies

　

of

　

the

　

powders

　

and

　

the

　

chara-

cteristics

　

of

　

the

　

powder

　

feeders ｆ　and　the　important

factors

　

in

　

the

　

measurement

　

of

　

air

　

flow

　

rates

　

in

　

gas-

solids

　

two-phase

　

flow have　also　been　obtained.

　　　　　

The

　

results

　

reported

　

in

　

this

　

dissertation

　

are

of

　

interest

　

in

　

many

　

ways

　

and

　

ｉ七

　

is

　

believed

　

that

　

they

will

　

be

　

useful

　

to

　

engineers

　

who

　

seek

　

information

about

　

the

　

physical

　

phenomena

　

involved,

　

as

　

ａ

　

basis

　

to

their

　

design

　

of

　

ａ

　

contro:Ｌ

　

system

　

for

　

ａ

　

ｐａｒ七iculate

process.

　　

Ｆｕｒ七her

　

studies

　

into

　

七he

　

measureraent

　

of

powder

　

ｆ:Low

　

rate

　

in

　

gas-solids

　

two-phase

　

ｆ:Low

　

are

needed

　

to

　

ａ七七ain

　

more

　

satisfactory

　

ｃｏｎ七rol

　

of

particulate

　

processes.

２０２






