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ABSTRACT
WAGDI HENEIN

* THE DEVELOPMENT OF A FOAM BATCHING AND GENERATING SYSTEM

v

-

This téchnical report . introduces a foam batching
and generating . system developed by the -author in the course
of his employment.at'Domtar Construction Materials Ltd.,
and in this éontextk represents a solutioﬁ £o an:industrial

probiem.

The generating system innludes a spacial design in

o

the method of air-selution mining, allewing high Ziy entlaln-

mcﬁt.efficiépcibs,_and provides accurate control of tﬁe
dcnsity_of'ﬁhc generated foam in the range of 8-14 1lb/cu.ft.
wbil@ using a solution £low rate of 2-8 IGPM ofgg higﬁly
surfaéé—active fodﬁing agent. The generated foam is highly
stable with a maximum air bubble size of 1/6432 of an inéh
in digﬁetcr. The factors controlling the quaiity'of the
foam aée presented and their intcrnelationships'arc hcmqn-
strated. The pogsibility of broadening the range of\éatis—

. : |
factory performance ¢f this system are suggested wherever

applicable. : ) : .
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CHAPTER I

INTRODUCTION

1.1 OBJECTIVE

The objective of this project is to design and build
a system capable of generating a continuous stream of foam,

of specific qualitieéﬂ utilizing a synthetic foaming agent

for use in the manufacturing process of Gypsum board.

L

The new system is needed"due to the following

reasons:

o
e

1) The old system cannot gengrate theé¥desired

guality foam. !

y
2) An increase in the production speed dictates
higher generaticn rates beyond the capabilities
of the old system.

1.2 THE MANUFACTURING PROCESS OF GYPSUM BOARD AND
THE ROLE OI' FOAM

FL' Gypsum board is manufactured by a high-speed contin-
uous method, wherein a fluid slurry consist%ng of“stucco
(CéSOu.g H20), water, foam, starch, paper fibre_énd an
accclerator (potassium sulphate) is spread betﬁeen two

continuous paper shects, the resultant whole is formed by



two large rol}; into a continuocus flat sheet of paper -

. enclosed unse;-gypsum board. As the bcard moves along the
long belt conveyor the core sets and the now rigid board is
cut into the desired length and fed into a dryer where the
free water is evaporated. ‘The fluid slurry is praduced in-
stantanegusly in a "pin mixer" revolving at a high speed,

into which a continuous metered supély cof fcam, water, and

dry ingredients are fed through three separate ports.

In the drying-proccss the evenly distributed dried
foam leaves minutey air bubbles ig the core. The primary
use of foam in the board is therefore weight reduction by
replacing stucce volume (weight) by air. The weight of
1,000 :q.ft. of 1 iIn. thich beoard is approximatoly 2,000 1b.
if manufacfgred without foam and is approximately 1,800 1b.
when manufactured with foam. Tt is important to keep the
board light enough within specifications so that‘it can be
handléd ecasily in construction. Therxe arc definite ccone-

mical advantages resulting from the replacement of stucco

by foam and from lower freight costs.

b Y

Foam is a wetting agent and therefore reduces the amount
of water needed for the fluidity of the stucco during the
lamination phase, thus allowihg‘fasttr drying of the board
whiéh means conservatian of encrgy and faster production
ﬁptes. Foam is thecrefore an essential constituent of gypsum

board, and it is very important to control its quality.



1.3 . DESCRIPTION OF THE OLD SYSTEM

‘-The principle behind the old generating system 1is
that', if air is %QjeCted into a 'soap solution' and restric-
Fions'are placed in the path of the solufion fléw, it
foams as-it -passes-through the small areas. The old generat-
ing system.consisted of a 26 in. long brass tu@e filled with
stecl wool. As the solution pasged through the perforations

. ; p .
in the steel wool and mixed with air it fbamed. MThé_generat;
cd foam was delivered to the open 'po£ qixcr' which produéed

the gypsum fluid slurry.

This method of direct air introduction in£o the
solution generates foam with large air bubbles which ?roduces
voids in the board. Foam generated by this system was
sporadic and of very léw density and stability. Improve-
ments could not be acg}eved. As mentioned earlier, this
system represented a bottlcneck at the new sought production
specds, since feecding the solution faster into the generator
resulted in less foam generation. The foaming agent solu-

tion was purchased in 45 gallon drums and pumped from the

drums to the genecrater. -

1.1 REéUIREI-iEIJTS OF THE NEW SYSTEM

1) The new system should be capable of producing
stable foam in the density range of 8 1lb/cu.ft. to
14 lb/cu.ft. Since the new system is to be install-

ed at different plants running at different produc-



tion speeds it’ has to be capable of producing the
above density foam in the solution flow rate range
of 2 IGPM to 8 IGPM.

2) The air bubbles within the generated foam are

to be less than 1/64 of an inch in diameter.

. '3) From an ecqQnomic point of view the new system
should be capable of producing the above densities
utilizing a foaming -agent solution of no greater

than 1% concentration by weight.

+

4) The cost of the new system should not excced

$15,000 including installation labour.

-

-

’ ‘ .
5) The ngw system must not regquire any operator

supervision.

6) The new system components must be simﬁie not
reguiring special maintenance skills. The layout
of the system must provide easy access to compon-

ents for maintenance.

—
7) System layout and dimensions should fit avail-

able arcas within 40 ft. of the pin mixer at the

L

different plants of the” company. P



-

1.5 BASIC DESCRIPTION OF THE NEW SYSTEM

T

The new system is made up of two connected systems:

I'd
N .
v
A

1) Thefitching System

2) The Generating System

;

The function of the Batching System‘is to prepare
an aqueous dilute foaming agent solution from the concen-
trate foaminé agent. The percentage eoncentration by
weight of the solutioﬁ can.be varied according to require-
ments. The solution is prepared in batches with a supply
béing always available for cohtinuous board'productibn.
The system consists mainly of one mixing tank and two batch-
ing tanks, three mixers and interconnected pi?ing. A supply

line lcads to the generating system.

The generating system combines the dilute aqueous
fodming agent solution with air, in fixed proportions to
form a highly stable foaﬁ of the reqpired density. The -
resulting foam - similar in appearance to shaving lather or

whipped cream - is metered into the gypsum slurry as it is

formed at a continuous contrelled flow rate.

The system consists mainly of a metering pump which
continuously meters out a constant flow rate from one of
the batching tanks and feeds it into two centrifugal pumps

connected in series. Air is fed into the firs% pump and

A

foam is conveyed into the pin mixer at the board line

-



through a plastic hose. '

Figure 1 shows the system arrangement and the above-

mentioned main components.

A complete description of both systems will be
presented in later chapters. The generating system is
presented in Chapter III, ahead of the baéLhiEé system
presented in Chapter IV. The sequence of presentation is
in the opposite sequehce of liquid'flpw because the
génerating system Léjmuch more important. As will be shown
in Chapter IiI, the rangec of foam densities which can be
obtained from the generating system depends oﬁ tﬁe concen;
..tration of the solution prepérgd in the batching system,
but it i§ ﬁhe generating system whigh can control the foam

density at different solution sfrepgths.

v -

\
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CHAPTER II

SURVEY - THEORY OF FOAMING

2.1 FORMATION OF CELLULAR STRUCTURES

1

The fundamental means of forming solid cellnlar
stfuctu;es is by dispersing a gaseous phase within a fluid
mass which subsequently becomes solid. The fluid may be
a homOgeneous‘hot'melt which solid%fies on coeling, %t may
be a liquiq which polymerizes chemically, or it méy be a
heterogenecous slurry of fine solids and. liguid as in the

case of gypsum board which stiffens and sets to a solid. [1]

.

CTASSIFICATION OF FOAMS AND METHODS OF A
GENERATION "

o
o

Foams may be classified as eithcr "chemical" or
"mechanical”, depending on the process used to produce the

gas voids.

Chemically formed solid foams result from'a gas—
evolving chemical rcaction within the initially fluid medium.
The gas forms bubbles which afe then trapped within the
slurry. The resultant feoaming product i1s then allowed to
set. With chemical foaming methods the homogencity of the
cellular structure depends on the rate and degrec of comple-
tion of the chemical reaction. This, in turn, varies with

the temperature, pli, water Lordness, the relative amounts

a
of reactants, and other precess variables.



Mechanically formed foams are made by introducing
the gaseous phase from an external source into the fluid
mass before it solidifies and may be generated by either
of two mechanical technigues, usiné foaming“agents which
must be physically and chemically'compatible with the ather

components:

1) "In SZtu" Foaminag - The concentrated foaming

agent is ihtroduced directly into the aéueous slurry
of solids and violently‘égitated ia a high shear .
mixer which eﬁtréins air and'homOgenizés the.mix.to
give a uniform cellular structure. Soretimes the
solids are added after the foam i1s formed by high
speed Mmixing of the foawino agent and water, In
either case, the density and stability of the-result-
ing foamed or aerated mixture will depend on the
amourt of foaming agent, 1ts chemical composi£ion,
ic intensity and duration of mixing, mixer design
and the physicél and chemical natuvre of the_sqlids‘

being dispersed..

2) Preformed Foam Blending - This téchnique which is

often more adaptable to diverse raw material
gysteﬁé, and usually more reproducible, is yé/first
preform the foam in a foam generator and tﬁén meter
it into ‘the ﬁhurry as it is formed and blend it
uniformly into the cuspension of solids to proaucc

a cellular product of any predetermined density. At



this point, the precisely controlled foaming

process is complete.

In general, the mechanical processes have proven to
be simpler than the chenical processes and more amenable
to producing foam solids with a wide range of physical and
chemical propertics. This is particularly true for the
systems in which a heterogeneous slurry is aerated and the
reéulting fluid foam cured bv one of secveral mechanisms, to
a rigid foam. [1]

2.3 APPLICATION TO THE PRODUCTION OF
GYPS5UM BOARD

—

Extensive research on the application of the chomi-
cally generated foams ta the production of gypsum board has
been carried out. Several patents on this subject have been
issued. .For example, slurries of calcined gypsum may be
foamed by incorporating aluminum sulphate and calcium
carbonate in the slurry, which releases carbon dioxide gas
in the prescnce of the water in the slurry. Another known
method is by the Catalytic dccomposition of hydrogen per-
oxide to OXygen by means of a manganese dioxide catalyst. [2]
Chemical methods have not received wide acceptance in the
gypsum board industry duc to associated quality problems

relative to cach method.

The mechanical preformed foam biending method lends

itself readily to continuousu operations and is the method
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most applicable to this industry. The initially fluid
foam is stabilized into a cellular configuration by the
fermation of an interlocking network of dihydrate crystals

.which result from the hydration of gypsum hemihydrate.

2.4 THEOQORY AND PROFERTIES OF FOAM

Foams, in one form or ancther, arec frequently en-
couhtered in chemical technology. Sometimes they are bene-
ficial but more often than not their presence heralds diffi-
culties in process and eéuipment operation. As a result,
the great bulk of foam study has been devoted either to
preventing their formation or dostr&ying them,once formed.
Recently, however, intcrost in +he more nseful aspocts of

foam has been on the rise.

2.4.1 Foam Structure

All foams héve aﬁ essentially identical structure,
a honcy-combed arrangement of gas bqbbles scparated by thin
liquid walls. As such, foam is a dispersion of gas in
liguid. It differs from the more common éispersions of
gas in liquid in that the volume ratio of gas~to-liquid is

very grcat.

The ability to foam is conditioned on therce boing
present in the liguid small amounts of speecial substances
known as foaming agents. Without these a foam is unstable,

and this is why it has not been possible to produce foams in
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pure liquids, which only contain one component. The foaming
agent evidently produces a sur face layer, differing in compe-
——

sition from the bulk of the ligquid phase, which acts as a
npuffer" preventing the coalescence of‘gas bubbles dispers-—
ed in the liguid. As & ;ule; the foaminess of agueous solu-
tions of inorganic compounds 1is small Eompared to solutions
of alcchols, organic acids, bases and esters. Morce persis-—
tant froths are formed when solutions of colloidal materials
are foamed. Thesec materials are all strongly adsorbed at

the surfacc and, in addition, add mechanical strength to the

films so formed. (3] .

The molecules of nearly all foaming agants are mace

so distinct porhicnos. whe fiyck, the 'head’, coneicts
of such groups as - on (hydroxl) , — COOH {carboxylic acid) .

ctc.; the sccond, the '+ail' of long chains of carbon and

hydrogen atoms, C.5. sodium oleate:

1

CHi - (\cm) 5 = CH cH -~ {Cil2) 7 COON,

where Coul, represents the thead'. The ‘heads' are soluble
in water, while the 'tails' arc insoluble in water. As
bubbles arc produced in an agucocus s504ap golution the
molecules of soap migrate to the air/water houndarics and
oricentate themselves with their 'heads’ in the water and

their 'tails' in the air [41, (Figure 2.1).



Water

Soap HMolecule

/\f\r\f\/\‘o
A

77

Tail Head

FIG. 2.1 Orientation of Soap Molecules
in Foam

13
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in this way, contact between water and the insoluble
'tails' is reddéed to a minimum and this represents the
most stable arrangement for thé molecules. The result of
the migration is tnat the cgncentration of soap in the
boundary layers becomes higher than in the bulk of the litguid,

and this leads to a decrease in the surface tension, and an

increase in the viscosity and elasticity of the boundaries.

e

2.4.2 Foam Stability

Foam stability 1s affected by many properties of the
gas - liquid system. Rarely is it dependent ¢n one alone.
In most practical cases t+hat have bheen observed, foam per-
sigtannce is the reswlt of thc intevaction ofT several CI
thesz factcrs, including surface tension, viscosity. surfacc

area, temperature, pH concentration and bubble size. (3]

2.4.2.1 Surface {ension

For a foam to be stable, ¢he surface tension of the
sclution muct be considerably less than that of the purc
solvent. Low surface tension alone does not, however,
ensurc a stable foam. The nature of the adsorbed layex is
more important to foam ctaobility than just a low surface

tension.



2.4.2.2 Viscositv

L]
hY .
A foam is stable if the gas bubbles do not coalesce,

but remain separated by thin liquid walls. If the viscosity
of these liquid partitions is sufficiently high, foam per-
sistance is enhanced. More viscous liquid.films tend to
absorb shocks better and also reduce the velocity of approach
of bubbles. There is reasonéble evidence that liguid vis-
cosity - rather than surface tension - is the primary facto;
in foam stability. Again as in the case of surface tensiony

foam stability cannot be related to viscosity alone.

2.4.2.3 Surface area

Liguid films -0of small surface area are more stablo
than those of large arecas. 1In general, the persistence of
a bubble is greater the smaller it is; it falls off roughly
in inverse proportion to the square of bubble diameter. As
4 general proposition, then, finer initial ¢as dispersions‘

promote greater foam stability.

2.4.2.4 TomEeratqgg

Foam-persistence generally incrcases with decreas-.
ing temperature, prchably owing to the cbmbincd cffects of
increased viscosity in the liguid film and decrcased gas

pressure within the bubbles.
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2.4,2.6 Concentration
——=-tration

Surface-active solutes - those which lower the

Surface tension of the solvent - Concentrate in the Surface

centration (a%) 1s negative. Surface - inactive syp-

. dy, . N , :
Stances for which (dc} 1S positive are negatively absorbed
and concentrate in the Sclution interior, "mhe Surface layer

is then more dilute.

exists an optimum concentration, i.e., one wWhich yields the
greatest foanm Persistance. Foam QGnerated at higher con-

¢entrationsg i8 less stable. Surfactants are characterized

in Figure 2.3,
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FIG.

Optimum _ Concentration of
Concentration . ~  Foaming Agent -+
2.2 Foam Stability as a Function of Solution

Concentration
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FIG. 2.3 Variation of Surface Tension With
Solution-Concentration
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The equation from which the preceeding qualitative
descriptions are derived is the Gibbs adsorption equation. [5]
Gibbs' equation which has.never completely achieved-experi—

mental verification is formulated from thermodynamic con-

siderations.

Although a solution comprises but a single phase,

it is convenient to think of it as having two parts:

-(1) ‘a surface layer surmounting

{2) the solution bulk.

The surface layer is of: "molecular" depth and may, depend-
‘ing on the nature of the systewn, differ in composition from

the interior of the soluatioi.

The equaticn relates the equilibrium amount of any
component adsorbed at the surface to the change in surface

tension of the solution produced by that component.

The surface adsorption of the solute in a binary

dilute solutiaa at constant temperature is given by:

=__¢ (v
r RT (dc)
where
I' = surface excess of the solute . )
c = solute concentration
‘R = gas congstant in appropriate units *
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T = absdlute temperature
' Y = surface tension of the solute
"surface excess" - {T) of the solute refers to the

difference in its concengration between the surface layer

and the solution bulk.

Another way of stating the Gibbs adsorption theorem
is to say that the conqentration-of the solute in the surface
layer will always change in such a way as 'to dgcrease tﬁe
surface tension. Thﬁs, if further addition of the selute to
the solution decreases the Qufﬁace tensiecn, it will be
adsorbed and concentrate iﬂ the surface layer. If'continued
solute addition increases the surface tegsion, it will be

negatively adsorbed and the surface layer will be more-

dilute than the interior of the solution.

2.4.2.7 Foam bubble size

The size of bubbles in a foam are related to the
stability of the foam. This was first noticed by Plateau, [9]
who, however, did not study the p&oblem in a guantitative
manner. In later experimenEf, it was found that the per-
sistence was (roughly)finversély proportional to the square

of the bubble diameter. [6]

Tt is belicved that when persistence increases with

concentration,of the solute, the bubble size decreases at
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-

the same time. The use of a highly surface-active solute

:

"therefore indié%tes smaller bubble size ih the increasing

range of the persistence-concentration curve ‘shown in
Figure 2.2. The highest éersistence and the smallest size
bubbles are achieved at thé optimum concentration for that
solute. Since the bubble size is critical in the produé-

tion of gypsum boafd, the choice of the concentration

becomes a critical factor. Beating or whipping operations

of a fiﬁe and rigid foam will promote a reduction in bubble
size making the foam more stabie. The effect is completely
different if the foam being whipped is a coarse fluid foam
of uneven structure since WHipping such a foam would

.

promote foam destruction.:

2.5 AVAILABLE MECHANICAL FOAM GENERATOKRS
.

Although there is a wide application for such a

system in and outside the gypsum board industry, the avail- .
~able systems are very few. In the gypsum board industry,

. the trend has been that cach company utilizes a homeémade

system to the extent that different plants'within-thc same
company, at differcnt gecographical locations, may have
different systemfs. Available findinég on mechanical foam
generators are kept within the indiviaual companiés‘and
the subject has not evidenced any organized published

rescarch.

v
Bt
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.The following is the description and evaluaiion of
a commercially ayailable foam generator which is based on the
‘same theory as the generator presented in this report, but.

utilizing a different design.

2.5.1 The Waukesha Feoam Generator

The Waukesha Foam Generator consists of a metering punmp,
a specially designed*gear pump, and a "foam conditioner",
which is aw expansion chamber. The gknerator i€ shown in

-

. Figure 2.4. . -

Foam is generated as the feed pump injects the foam-
ing agent solution into the special gear pump where air is
sucked from the atmosphere through a separate inlet. The

solution enters the pump through an opening in the drive

N

shéft and passcs through tiny openings in the idle;.rotor.
The fast-moving motcr elements churn the air and iiquii
mixturc’into toam. Foam is produced in less than one revolu-
tion oflthc mixing gear pump and is directed out of tﬁc
generator through a hose or conduit tojthe foam conditioner.
The mixing gear.pump opcrates at 2,506 RPM. The solution

consumption is 5 IGPM to give a foam output of 100 IGPM,

Normal pumping distance 1is 20 feet using a 13" Dia. hosc.

This system is incapable of generating the sought
quality'foam.. This system requires a solution concentration
of 2.75%, the ¢encrated foam is of very low density 2-3 lb/cu.
ft., and the bubble size is comparatively gquite large. The

A



FIG.
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4

CRESCENT DRIVE

The Waukesha Foam Generator

)



A
system as designed, does not offer a variable flow range

nor a control over the density of the generated foam.

24
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CHAPTER III

THE GENERATING SYSTEM

3.1 PRINCIPLE OF OPERATION, LAYOUT
AND CONWTEROLS

The gencrating system is a two-stage system, each

stage comprising:

1) a centrifugal pump rotated at high speed
and fitted with a large diameter copen impeller

and

2) a pressurec regqulating valve.

The gfaming agent solution is fed into the first
centrifugal pump, from onc of the batching tanks of the
batching system, at the requireé flow rate, via a metering
pump. ‘The required air flow rate is supplied to this
centrifugal pump through a scparate air line. Ahead of
the pump the solution and air mix, together in a ‘mixing
chamber'. The puﬁp is chosen so as to create the greatest
possible shecaring action and is therefore oversized with
respect to the required filow rate and hcad. In oidcr to
prevent the pump from ‘hunting' and to make possible the
foam generation, cach pump is throttled, thus allowing
the pumps to operate f{looded with a maximum shearing action

(beating or whipping) imparted to the sclution. Since
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the extent to which the pumps -are throttled may vary
according to the solution flow rate and the density desired,
pressure regulating valves are used to supply the desired
back pressure. The pressure regulating valves serve a
second pufpose since as the foam passes across each valve it
expands generating more foam through fugg;er entrainment of
the remaining unentrained air (similar to what happens \

from a shaving cream can). The second stage of the system

Serves two purposes:

1} further foam generation, and

2) controlling bubble size

As explained in Section 2.4.2.7 thpping of a fine and rigid
foam - generated in the first stage - promotes a reduction
in bubble size which in this case is an esséntial foam
quality requircment. The reduction in bubble size has the
benefit of making the foam more stable which is another
essential requiremént. Although fine rigid foam is generat-
ed in thé first stage of the system, it does not have the
fine .qualities de$ired and+the one stage ‘'system has a low
uncconomic foam generating efficiency.

\
The addition_of the second stage improved the foam

gencerating capability of the system; which is the ratio of
the flow rate of the generated foam to the- flow rate of the
- solution; by approximately 60%. The bubble size was reduced and

the stability improved; Although experiments to calculate



the percentage of foam generated in the pumps by whippinrg
versus across the pressure regulators by expansion are not
possible; since without the regulators in line the pumps
hunt and foam gencration is sporadic; it is estimated that
with the regulatoré\in line the major portion 630%) cof the

foam gencrated is generated in the pumps while the remain-

r -
ing 20% is generated across the regulators.

Centrifugal pumps are used rather than inline
mixers because it is also necessary to pump the foam from

the generating point to where it is utilized.

The method of air introduction will Ete explained—in
detail, in Section 3.3.3, and 1s a very important "feature
of this system. The effect of the variation of the back

pressure, applied on the pumps, on foam density, will be

discussed in Scctieon 3.3.4.

Figure 3.1 is a layout of the generating system. The
following components and controls arc shown in Figure 3.1

and in Scction BB of Fﬁgure 3.2:

Item No. 1 - Metering Pumps

Onc for process and onc standby. DBach is fed by
a line from the batching system. Each pump is drivon by a
variable speed drive. The desired range of flow rates is
supplicd by cach pump by c¢i.arnging 1its rotationai speed

through the varispeed drive.
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A description of how the metering pumps operate,
their specifications and the Sizing of pumps and drives are
included in Appendix Al.l. Fig. 3.1 shows two pumps and
drives connected ih parallel. Only one pump-is operaticn-
al at any time. The other %ump is provided as a standby

pump .

Item No. 2 - End Suction Centrifugal Pumps

These provide the shearing action necessary for
foam generation, with air being fed into the first centri-
fugal pump. Pump specifications, dimensions and sizing are

included in Appendix Al.2.

Item No. 4 - Rotanmecter Tvve Flowmeter

Calibrated in IGPM.

Item No. 5 - Needle Point Valve in Air Line

~Normally open.

Item Ko, 6 - Valve

Check valve to prevent back flow in air line.

Ttem No. 7 - Solenoidg Air Valve

Connected to first centrifugal pump's motor. The

vaive opens when the motor starts.
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Item No. B - Pressure Reducing Valves

" Two pressure rcducing ané regulating valves for

air pressure.

Iten No. 10 - Plastic Hose

—_—

"To convey the generated foam to the pin mixer.

-

Item No. 11 - Pressure Regulating Valves

Two pressure regulating valves to control the bhack

pressure applied to the centrifugal pumps.

Item No. 12 - Steel Base for Generating System

betail drawing shown in Appendix Al.4.

Item No. 14 - Check Valves

Four check wvalves.

3.2 GAGING POINTS AND INSTRUMENTS

. -

In order to adjust the rate of flow of the foaming

agent solution a rotameter is ‘installed in the line after
the mctering pump. The rotwreter is cquipped with a pneu-
matic transmitter connecited to a 24-hour circular chart

recorder which furnishes a daily record of foam seclution

LA
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The various important pressures are measured by
pressure gages. , Figure 3.1 and Section BB of Figure 3.2,

show the locations:

Ttem No. 3 - Pressure at Qutlet

.

Indicates the pressure at the outlet of the

metering pump.

Item No. 13 - Air Pressure

Indicates the air pressure at the inlet to the

first centrifugal pump. (PGI) T

Item\No. 9 - Pressure gages

\

Indicates four .-pressure gages to measure:

(1) the back pressure on the first centrifugal

pump {PG2)

(2) the inlet pressure to the second centri-

fugal pump (PG3)

(3) the back pressure on the second centrifugal

L

pump {(PG4)

{4) The inlet prcséure to the hosec.
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In the following.Section 3.3, the factors which

affect the perfofmance of the system will be discussed. The

ihstruménts presented in Section 3.2,are a measure of the
‘adjustab;e factors- in the system. They permit the compari-
son of the effeat -of each variable on the density and
stability of the generated foam, as will be demonstrated in
Section 3.4, which presents the results of the important
experiments carried out.

3.3 FACTORS EFFECTING THE PERFORMANCE OF THE -
GENERATING SY{STEM

“ .

L4

There are a number of'factors which affect the
density and stability of the focam generated by this system

-

Some of these factors are common to any generating system,
€.g., the rate of solution flow, while others pertain to,
this system and were arrived at'by analysing the results of the
experiments carried out. The performance of the system is
judged by measﬁring the density and stability of the generat—
ed foam and by the size of the air bubbles in the foam "The

.
factors which affect performance, presented”in the flow. -
sequence, will be discussed in the following subsections.

3.3.1 The Type of Foaming Agent and the
Concentration of the Solution ¢

The foaming agents used are commercially available
synthetic foaming agents manufactured for a wide varicty of
applications. They differ in their ability to foam at
equivalent concentrations and in the density and.stability of

L4

R
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the geherateq foam. The foaming aggﬁts are supplied in-

':either liquid or powder form. Two féaming agents were tested;
Ultrawet DS Surfactant, which is.supplied in powder form

and MiIIifoém-which is supplied as a solution?‘oﬁltrawet DS
is:an alkyl benzé;e sulforate having a'linear_secondary

alkyl side chain with an average carbon content ranging .
from 8.5 to 10.5 and-'a maximum carbon number spréad of

]

8 carbon atoms. [7] The chemical compoéition-of Millifoam is,.

seﬂium alkylethoxysulphate.

Thé same quality'foam may be obtaineq under
the same governing conditidns by using d}ffe;ent strength
solutions of different foaming agents, in which case, the
gnverning fac%ors for the choice becéme economicql ones,

since the higher the concentration’of the solution, the high-

~

er the cost. It is therefore an objective to use low -

P

strength solutions. ,The final selection of foaming agent is
according to its pérformance in the experiments, The fbam—'
ing agents tested demonstrated that at constant soiution
feed rate.and‘p;essure conditions, the-higher the concen--

tration of the splution the. lower is the density of the

generated foam. This is- illustrated in the results of the

experiments Graph 2. ‘ : e n,

¢
L] 2T

3.3.2 lpé FFeed Rate' of the Solution at
+ Constant Concentration T .

’
’

The density of the generated foam increased with the

increace in solution flow rétc. Since at the higher flow rate

/’

’

1

+
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the solution passes through the pumps quicker it is
subjected for a lower interval to the shearing action of

the impellers and thus foams less leading to a higher

density foamI This result is illustrated in Graph 5.
]

- -

3.3.3 The Air Pressure, The Air Introducticon.
Method and =nhe Lenagth of. the 'Mixing Chamber!

.
i

Since.the primary use of foam in the board ic weight
reduction through replacing stucco volume by minute evenly
. b -
distributed air bubbles in the core, it is.necessary to

R Al ;
introduce a constant flow of air into the solution. -The

introduced air increases the gehcration of foam, and
controls its density. The higher the airrpressure (air

flow) the lower is the densityv of the generated Loam, as is

illusfrated in Grapn 1l.

Be@ause the presencé of large air bubbles in the
foam weakens the boa¥d core and prﬁdﬁces voids in the beard,
controlling the size of the air bubBles (less than 1/64"
Dia.) 'is very importqnt."The method and location of air
introducgzon in this system ié a very important feature and
is 'shown in Figure 3.3. 1In order to avoid producing large
air bubbles, thec air s ndt introduced dircc£ly-into the
solution but is fed around the solution feed pipe inte a
'mixing chamber' where the air and solution mix together.
The location of the_afr introduction is just before the

suction inlet of the first centrifugal pump which allows
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the solution air mixture to be aspirated into the pump for
direct foam generation. Althougg this design for air intro-
duction prevents:the formation .of large air bubbles, there
are limits to the air pressure which can be used. Decreas-
ing the fecam density cannot be achieved by just increasing
the aii preégure, but by a combination of the controlling
factors presénted in Section 3.3 to achieve the desired low

—

densify and the desired size of air bubbles.

Experiments carried out illustrate that the length
of the 'mixing chamber' is a very critical factor 'in
controlling the density of the generated foam. The length
of this mixing chamber had to be increased from the original
3 in. dimcnsicn to 4 inchcé, tc arriwve at the reguired foam
density. This is considered to be a fur?her indication of
the importance of this épecial design, and its dimensions in
the success of the system. Experiments were c;rried out'

after each incremental increase of 1/4 in. until the desired

foam qualities were achieved.

Duc to the practical nature of this project no further
research was carried out to improve #he air-solution mixing
beyond the success achieved, but it is an areca which can be
further studied. Suggestions are presented in Chapter 5.

It is expected that there is an optimum length for the
mixing chamber because'if the solution is int}oduced too
far away from the pump inlet, thc aspiration cffect into the

pump will be decreased.
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v

3.3.4 The Back Pressurc Applied to the
Centrifugal Pumps

A pressure regqulating valve is placed in the line
downstream of each pump, as shown in Figure 3.2, Section BB.
THese regulat&rs'apply a back pressure to each pump. By
means of adjustiﬁg the back pressure,; the density of the

generafed foam can be controlled.

When the back pressurfe is increased with all other
variables remaining constant, the density of the foam de-

'Y

creases as is illustrated in Graph 3.

The following section details all the experiments
carried out and their results with illustrating graphs.
The graphs drawn to experiment readings highlight the rela-
tions betwecn the factors governing the performance of the
geherating system and together with the experiment findings,
lead to a fipal conclusion on the system setting and per-

formance.

3.4 EXPERIMENTS AND RESULTS

Experiments were carricd out to select the foaming
agent, the solution strength, and to determine the settings
of the factors affecting the performance of the generating
Eystem outlined in Chapter 3, Section 3.3,”that vould ful-
£i1ll the requirements of the new system as outlined in

Chapter 1, Scction 1.4. Presentcd in this_Section arc the
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results of the most important experiments which lead to
the finalized design and to the individuval values of the

governing factors necessary to generate the required foam.

In order to have a standard system at all plants
the requirements of the new system dictate that the é}stem
has to be capable of generating a stable foam in the density
range of 8-14 1lb/cu.ft. when using a solution flow rate in
the broad range of 2-8 IGPM. This broad flow range is
specified because cach plaﬁt has three different production
speeds and because these cpeeds differ from plant to plant.
In the following experiments the objecéive is to generate
the required density foam in the flow rate range specified
with a constant solution concenlratien becouce in this
system the soluvtion is maac in batches and a plant canncot
change the conéﬁntration of the batched solution each timg

it changes itg production speed.

In order to understand the logic of the sequence of
the presented experiments it must be understood that the
most stringent requirement is generating the 8 lb/cu.ft.
density foam at the 8 IGPM flow rate, i.e., the lowest
density at the highest flow rate. This is bécausq4a low
density foam is more difficult to generate {a higher
density foam means more liquid.énd less air) and because thi;
difficulty incrcases with the increase in solution flow

rate since the density of the gencrated foam increases with

the increase in the generation rate. The logic followed is

s
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’

therefore to assure that the system can generaté the

8 1lb/cu.ft. density foam when using a 2 IGPM solution flog
rate (experiments 1,2 and 3) then to proceed to the 8 IGPM
test (experiment 4). The generated foam must also meet the
specified requirements for the size of the air bubbles and
stability. Stability, which is the measure of the break-—
down of the generated foam into ligquid and air in.a specific
time period, was measured by collecting the generated foam
in a 1,000 ml. graduated beaker and measuring the liquid

at the beaker bottom after an interval of 5 minutes. The
objective is to generate a highly stable foam which would
not exceed.a breakdown of more than 3% in the specified time

pericd, i.e., 30 ml/5 min.

The expcriments were carried out in one of the plants,
the set-up and gauging points are shown in Figure 3.4.1In
order to prepare the solution batches a 45 gallon drum was
used., A small 1/8 H.P. Lightning Mixer was used to dissolve
‘and mix the foaming agents.  Instcad of installing a {low
meter, the metering pump was calibrated agd £hq speed
setting on thé variable spged drive equivalent to 2,4 and

B IGPM were marked.

The air bubbles were visually inspected during the
experiments. Samples of the finished board were inspected

at thce Domtar Research Centre at Senneville, by using a
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j
scanning electron microscope.

~

3.4.1 Experiment 1

The foaming agent utilized in this experiment was
Ultrawet (powder form). Three different sq}ution strengths
0.2¢, 0.5% and 1.0% by weight, were preparéa and tested at
a flow.rate‘of 2 IGPM; the results are listed in Table ia,
Table 1B and Table 1C, respectively. The length of the

mixing. chamber was set at 3 inches.

3.4.1.1 Cbservations

-

Graph 1 is drawn to the readings obtained from
experiment 1B and pfesents the relation between the density
of the generated foam and the air pressure. The graph shows
that the density of the generated foam decrecases by increas-

ing the air pressure (flow).

Gréph 2 is drawn to the readings obtained from experi-
ments 1B and 1C and prescnts the relation between the concen-

tration of the foaming agent solution and the density of

~ - .\

the gencrated foam. It shows that increasing the concen-
tration decrcases the density of the gcﬁerqtcdlfoam for the
same alr pressure. These two curves are, however, nocu
drawn to the samcjpump back.prcssures, the densities for the
- 1.0% concentration curve would have been much lower 1f .

;
drawn to the same back pressures, as the 0.5% concentration

curve. Graph 2 also shows that for the same air pressure

9
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4= E

(6 psi) the density of the generated foam is the same using

either concentrations but that much lower back pressure was

needed with the

density.

higher concentration to produce the same

3.4.1.2 Conclusion of Experiment 1

-With a 3

2 IGPM Ultrawet

Experiment 1A:

Experiment 1B:

Experiment 1C:

inch long mixing chamber and a flow of

Solution:

It is not possible to generate an 8 lb/cu.ft.
density foam using a solution strengtﬁ/gf

0.2%.

It is possible to generate an 8 1b/cu.ft.
density fcam ﬁsing a solution strencth of
0.5% but the generated foam had.large air
bubbles attributed to high air pressure and
insufficient air - soclution mixing. Tﬁe

foam stability is acceptable.

The 8 1lb/cu.ft. foam genecrated using a 1.0%
solution strength also had largz air bubbles,
although at higher concentrations less air
pressure is required to produce the 'samc
density foam. The foaﬁ stability is.

acceptable.
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3.4.1.3 Following Action

To investigate the behaviour of another foaming

agent.

3.4.2 Experiment 2

-

The foaming agent utilized in this:experiment was
Millifoam (liquid férm). Four different solution strengfﬁs;'
0.3%, 0.5%, 1.0% and 2.0% by weight, were prepared and tested
at-a flow rate of 2 IGPM, the results are listed in' Table 3.2a,
fPable 3.2B, Table 3.2C and Table 3.2D, respectively. The

length of the mixing chamber was set at 3 inches.

3.4.2.1 Conc%g;ions oi Experiment 2

Wwith a 3 inch long mixing chamber and a flow of

»2 IGPM Millifoam solution:

Expcriﬁents 27 anéd 2B: It is not possible to generate an

8 1b/cu.ft. foam using a solution

strength of 0.3%.

Experiments 2C and 2D: It is possible to generate an
8 1lb/cu.ft. fdéam but the high break-
down and-large size of air bubbles

are not acceptable.

Cbmparing generated foam of the same density using

the two diffcrent agents tested in Experiments 1 and 2, it is
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apparent that higher air and pump pressures are required when -
using the Millifoam solution. Higher concentrations are also
' necessary. For all the above reasons all further experiments

were carried out using Ultrawet foaming agent.

3.4.2.2 Following Action

To improve the air-solution mixing by increasing the
length of the mixing chamber. With improved‘mixing, the air
entfainmé;t efficiency will increase allowing the usé of
lower air pressure to generate the reqguired density foam.
Decreasing the air pressure will reducé the size of the air

bubbles in the generated foam. The next experiment presents

the results with the mixing chamber length set at 4 inches.

-

The efficiency of air entrainment in the mixing
chamber appears to be lo#lbecause hich air inlet pressures
are required to provide enough air volume to produce the
" desired low density foam. At the high pressures, part of the
air passed without mixing through the system and appcared as

large bubbles in the gencrated foam.

3.4.3 Expecriment 3

.
The foaming agent utilized in this experiment was
Ultrawet at a solution strength of 0.5% by weight at a flow

rate of 2 IGPM. The results are listed in Table 3.3, The

length of the mixing chamber was sct at 4 inches.
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3.4.3.1 Oobservations

The relation between the density of the generated
foam and the back pressureé applied to the centrifugal pumps
is presentéd in Graph 3, drawn to the readings of experiment
3. The graph shows that for the same inlet air pressure,
increasing the back pressure on the pumps decreases the
density. It also shows that the extent of reducticn in
density attrlbuted to the increasc in pump pressurc depends
on the air pressurc. At an inlet air pressure of 2 psi in-
creasing the pump chk pressure from 30 psi to 40 pcei de-
creased the density by 1.5 ib/cu.ft. from 9.5 down to
8 1lb/cu.ft. ghilc the same increase'in pump pressure at an
inlet air pressure of 6 psi produced & reduction in density
of .75 lb/cu.ft. from 8.5 down to 7.75 1lb/cu.ft. The'graph
also shows that for the same pump back pressure increasing

the air inlet pressurc docreascs the density.

Graph 4 prescnts the effcct of changing the length
of the mixing chamber on the dcnsity of the generated foam
compared at the same air inlet pressurc of 6 psi for a
> 1GPM flow of 0.5% Ultrawct solution. The graph shows that
with all mentioned variables remaining constant, the density
of the generated foam decrcased with the increase in mixing
chamber length due to incrcased airx entrainment in the solu-

tion a result of improved mixing efficiency.
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3.4.3.2 Conclusions of Experiment 3 .

With a 4 inch long mixing chamber and a flow of

2 IGPM Ultrawet solution at a concentration of 0.5%:

-

It is possible to generate the full range of
densities required. The generated foam had the requir-
~ed small air bubbles and met the stability requiremenﬁs.
The inlet air pressure reguired is quite low and thé

pump back pressures are reasonable.

Success of this experiment is attributed to the

increased air entrainment.

3.4.3.3 Following Action

Since the system has been proven to be capable of
generating the required foam at a flow rate of 2 IGPM, the
next step is to test the system at the maximum flow rate of

8 IGPM.

3.4.4 Experiment 4

The foaming agent utilized in this experiment
was Ultrawet at a solution strength cf 0.5% at a flow rate
of B IGPM. fThe results are listed in Table 4. The length

of the mixing chamber set at 4 inches.
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3.4.4.1 Observations

The relation between density and solution flow rate

is presented in Graph 5. The graph is drawn to the results

of experiments 3.and 4. It shows that at the same solution
concentration, air inlet pressure and the same back pressure
on the pumps, the density Pf the generatqﬁ foam increases
with the increase in solution flow rate. The graph also
shows that to generate the same density foam using ‘a higher
solution flow rate higher air inlet pressure and higher pump

back pressure are needed.

3.4.4.2 Conclusions of Experimént 4

With a 4 inch long mixing chamber-and a flow of

8 IGPM Ultrawet solution at a concentration of 0.5%:

It is possible to generate the full range of
densities required. The gemexated foam had the required
small sized air bubbles and confirmed with the stability

requirements.
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For the generating system:
' .

.WS + Wa = Wf . CoL

where " o ' “’ﬁ\
. . . ~

W = solution mass flow rate --lb/min.
Wa = air-mass flow rate - lb/min.
wf = foam mass flow rate - 1b/ﬁin. - -

In order to éarry out a material -bglance, a rota-

meter was put in the air line just .ahcad of the'Mixing.Chamber',

air flows and pressurcs were recorded to arrive at the air mass
- . ‘ - ‘
flow rate.g In this section, the predictéd -and actual measured:

-

mass flow rates are compared.
. . .

]
-

" When generating a constant density foam at different .
solution flow rates, it was noticed that the difference
between the predicted and actual air mass flow rates decrcased

a3 the solution mass flow rate ihcreased, i.e., quite near
.". . 7. . ’ )

9

e

e b
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predicted air mass flow rates were required at the higher solu-
tion flow rates indicating that the air entrainment improved
at the higher solution flows. This is illustrated in Table

3.5 and Graph 6.

Material balance calculations are included in

Appendix Al.5.

3.6 CONCLUSION :

The system satisfies all the regquirements listed in

Chapter 1, Section 1.4, as follows:

(1) The new system is capable of producing a foam
: “ee
with the required stability in the density ranqe
.

of 8-14 1b/cu.ft., wh;n”usinq a sclutior Zlow rate

in the range of 2-8 1GPH.

(2) The size of the air bubbles in the foam can be
controlled to be less than 1/64" dia; by controll-
ing the inlet air pressure, the back pressure on
the pumps provides the final adjustments to produca
the desired density. At higher solution flows
lafgcr air volumes (higher pressure) are needed.

N Large a&r bubbles are produced only if more air

than necessary is put into the system which then
passes right through the Eys£cm and appecars in the

gencrated foam,

-

.
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(3)

(4)

(5)

(6)

65

The percentage concentration of the required

solution by weight is 0.5%.

The cost of the generating system (including a
stand - by metering pump) was $4,500. The cost cf
the batching system was $10,000 including installa-
tion. All electrical equipment and installaticon

included.

The sygiem does not contain any equipment that

reguires operator supervision.

The components of the new system do not require

any special maintenance skills for their repair.

S ————— ke mem— 4 &
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CHAPTER IV

THE BATCHING SYSTEM

4.1 INTRODUCTION

The funcFﬁon of the Batching System is to prepare
an agueous dilute foaming agent solution from -the concen-
trate foaming agent. Since board productlon is a contin-
'uous process requiring a continuous supply of foam, and
therefore a continuous supply of foaming agent solution to
the generating system, two batching tanks are necessary.
While the content of one is being used, another batch is

.

being prepared. -

Since the foam solution has a corrosive nature, a
material that would not corrode had to be chosen. Corros-
ion in the tanks would decrease their life and the rust.and
scale would also block the lines and Rotameter in the
gencrating system. Three alternative materials were evaluat-
ed: - Epoxy-coated Mild Stecel, Stainless Steel, and Poly-
ethylene. On a life-cost comparison basis, the Stainless
Stccl; is the best choice. The system is presented in
‘Figure 4.1, and consists mainly of two 1,000 IG batching
tanks situated on the main Zloor and one 150 IG mixing tank
situated on the mezzanine floor. Each tank is furnished
with a mixer, and the mixing (top) tank is connected to both .i

of the batching tanks which are connected to the metering
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THE BATCHING SYSTEM
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-

pump - of th; Generating System. The 0.5% solution must be
prepared without generating ﬁoam, this is an important
consideration in the choice of the mixers. The various
components and method of operation of the system are includ-
ed in the following description of the batching method pro-
- cedures to prepare the required 0.5% Ultrawet solutién {see
Figure 4.1).

4.2 BATCHING PROCEDURES TO PREPARE A
.5% 'ULTRAWET' SOLUTION -

(1) Push fill start button to actuate solenoid valve
to f£fill mixing tank with water. The water fills
to the float position (100 Imperial Gallons) which

shuts the water flow by closing the solencid valve.

(2) Pour 50 1b. {opne bag full) of Ultrawet into the

mixing tank.

(3) Push button tec actuate mixer. After Ultrawet has

dissolved shut off mixer.

(4) Open valve (A} to transfer the sclution {(by gravity)

to the required batching tank.

(5) Push the fill start button for the batching. tank
being filled, this will £ill the ‘tank with water
up to the float level (1,000 Imperial, Gallons).
The solenoid valve (C) is normall;'closed and is

opened when the start button is pressed. When the

1
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requirea level of 1,000 IG is reached the float

de-energizes the solenoid valve (C) to close.

(6) Push button to actuate the mixer. After mixing
is complete (15 minutes) mixer is shut off by means

of a timer.

In operation one tank should be always full while the

other is being used. When the one being used becomes empty

tﬁe valve (E} leading to the main line going to the metering’

pump in the Generatlng System is closed and the other tank s
(E} valve is 0pened to start using that tank The flrsﬁ tank
is thenlrefllled. Before using a tank its mixer should be
actuated for a beriod 0§ approximately 10 minutes to avoi@
any settlement which may have occurred, thus insuring a
homogeneous solution. . The quick actuating valve (B) is hor—

mally open. It is put in line to shut o the water guickly

in case of.a malfunction (does not clos the solenoid
”

valve (C).  An overflow line.leadin ?to rain is also

provided to avoid spillage’. Valve (D) is, normally closed

It is provided in a bypass lOOp to, enable” fllllng the tanks
L)

with water in case of a malfunction (does not Open) of the

solenoid valve (C). | S k

-t .

A e Xt mn ot b
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4,3 MIXERS -

. -/
Greey portable Lightnin mixers were installed in

the mixing tank and-in the batching tqpfql‘ The mixers were

mounted on the sides of the tanks. The mixers had to in-

sure proper mixing and at the' same time, avoid generating

fqam_in the tanks. Use was made of the research 'facilities

-

available at Greey.Mixiné Equipment Ltd., in Toronto, to
guarantee the performance of the mixer. The specifications
of the mixers are included in Appendix-ﬁliﬁ-

- . "
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CHAPTER V

NCLUSIONS AND SUGGESTED FURTEER RESEARCH

5.1 CONCLUSICH

The system is capablé of gencrating foam which
satisfies all the quality reguirements of density, bubble
size and stability for the designated solution flow range of
2-8 IGPM. The sysfem also satisfies the initial cost, operat-
ing and maintenance reguirenents as indicated in Chapter 3,

Section 3, G.

The factors affecting the qﬁality of the generated
foar ~re: .

. ’
(2) The type of foaming agent and the solubtion

concentration.
(b) © The method and efficiency of air entrainmont.
i (c)  The method and efficiency of ,foam generation.,

(d)  The combination of controls provided by the

generating system.

The above factors were all discussed in detail in

Previous chapters. The success of the system 1s attributed

to cach of these factors and to th:ir combination. Through

f\\\ the use of the highly surface-active Ultrawct DS foaming



agent, the indirect introduction of the air into the solutien
to avoid creating large size bubbles, the high efficiency oI
air entrainment through the special design 'mixing chamber',
N :
the high efficiency of a double stage foam generating bublle
size reducing coxbination of large diamecter ‘whipping'
throttled pumps and ‘expansion' valves and the control over
the reguired air flow rate and degree of foam generation
(through degree of throttling) provide the success of generat-
ing the required density foam through the whele flow range.
The corbination of these different factorﬁ make this systen a
highly controllable system. Several systems hav. béen built

and installed in the plants and are functioning guite satis-

4

factorily.

In order to utilize this systenm to gene:étc foam 1in
the same densiiy range 5f 8-14 1lb/cu.ft., at solution {low
rates higher than 8 IGPM the system would hgvc to be scaled
up. The extent of the necessary increase in the back pressure
applicd to the pumps is dependint on the air entrainment
cificicney of the SESLcﬁ which increases with the increasc in
solution flow rate as demonstrated in the material balance
obscrvations, Chapter 3, Scettion 2.5, The incrcease in the
back pressurce applicd to the pumps will require the utiliza-
tion of largcer pumps and pressure regulating valves.  Another
alternative to scaling-up the system would be to add a‘third

stage (pump and regulating valve) to the system.



5.2 SUGGESTED FURTIHER RESEARCH

Since the system satisfied all the required cbjectives
and due to the practical nature cf the project no further re-
search was carried out. Metheds for improving the efficiency

of air entrainment could be further studied. The introduc-

tion of the air in a vortex form may improve the mixing and

increase the air entrainment efficiency. The installation

of a perforated disc in the air-stream just downstream of the
'mixing charber' is expected to improve the mixing and reduce
the final bubble size. Perforations wculd be less than 1/647

dia.
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APPENDIX A

—_—

'%l.l SELECTION OF METERING PUMP AND DRIVE

A Moyno pump 15 used to meter the solution out of
the batching tanks to the generating pﬁmps because the Moyno
pump can supply a uniform feed rate without pulsation and
does not create any shearing action which may gencraté feam
within thc.pumpf' The intofnals of the pump arc shown in

Figure Al.l, the pump consists of a stator and a rotor and

its operation might be cpmpared to that of a precision screw
conveyor. Figure Al.2 explains the principle of operation,

as the rotor turnc within the stator cavities are fornod

which progress toward the_discharge end of the.pump conveying
the solution, the rotor thus exerts a positive pumping action
comparable to that of a piston moving through a cylinder of
infinite length. The capacity bf the Moyno pump is preportion-—
ai to the rotaticnal speed of the roter, by driving the 4
correctly sized pump throuéh a variable speed drive of matched
range, the pump .can be made to deliver the required flow. it
is more desirable to run the pump at a low speed because the

wear on the pump increcasces proportionally to the square of

the rotational speed.

+

The chosen pump has the following designation: 1L4 CDC

which mecans it has one stage, a standard L-frame size 4, which

delivers 1.68 IG per 100 revolutions. The pump has a cast
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iron frame 'C', the rotor is tool‘stcel 'D' and the stator is
Buna N, synthetic rubber 'Q'. The chosen mechanical spced
drive is a Sterling drive and is matched with the pump to
deliver a flow rate of 2-8 IGPM, the speed range of the drive

is 49-500 RPM, driven by a 1 H.P. T.E.F.C. motor.
’

t.

‘Al.2 SELECTION OF CENTRIFUGAL PUMPS

The role carried out by the centrifugal purmps in this
"gystem 1s different érom what a céntrifugal purmp is designed
for, since the pump is used mainly to shear and not to pump.
The pumps are equipped with an open impeller because they
create a better shearing action than a closedlimpcller. Tne
choise of ‘the pumps was guided not so much by;the design

point rating, .but by the ovcerall range of operation desired.

Al.2.1 Pump Desicgnation

Make: Smart - Turner - Hayward

Model: _ 1+ GWUO

Suction: S 2" v

Dischargec: 1y

Max. Sphere: 3"

Impeller Dia.: g" -
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AL.2.2 Motor Designation

Make s ‘ westinghouse
TypEe: ) Totally Enclosed Fab tooled
. H.P.: 10 ‘
R.P.M.2 3,600
pPhasc: - 3
Cycle: 60
volt: 575
Frame: 215 T

The pump and motor arc supplied'on a stecel basc and

directly couplecd with a fle:rible coupling.

—
n1.2.3 Pump Construction waterials
Casing: Cast Iron
Impcller: BronzZc
Shaft: gteel (SAE 1040)
shaft Sleeve: Bronzc N
packing: Graphited long fibrc asbestos
Ccasc Gaskoets: Manilla : g

gland Bolt and Klip: S5tainless Steel
Lantern cland: Bﬁpnze

Base Plate: steel
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Al.2.4‘ Pump Dimensiens .

The dimensions of the pump -and motdr_are shown .in

Figure Al.3.

-

Al.2.5 Pump Performance Curves

The performance curves for the Smart - Turner - Hayward

1} GWUO, are shown in Figure Al.4. -

.7_\1.3 GENLEPRATING SYSTEM PIPING

The piping layout for the generating system is shown

in Figure Al.5.

Al.4 GENERATING SYSTEM STEELIL BASE .
- . The stecl basce reqguired for mounting the ccmponents
of the gernerating system is shown in Figure Al.6.

Al.5 MATERIAL BALANCE CALCULATICHS - N
GELERATING SYSTLIM ’

For a Constant Foam Density of 8 lb/cu.t.

From the measurement done ub a flow of 2 IGDPM:-

W, = 23.8 lb/min.
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FIGURE Al.4 | _ ’

Graph Chart of Centrifugal Pump Performance
Curves for the Smart - Turner - Hayward . .
1% GWUO )
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, Wg T Vg ¥ Cg

X = 23'8 = o] s Sy
. 7 ¢ 5 2.9275 cu.ft/min.

Ve T .32 cu.ft/min

Ve = 9.3 Vg

i.c., the volume of the generated foam is 2.3 times the volume

of the original solution.

Applying this relationship to the flow rate range to

predict the air mass flow rate required to generate an

8 l1b/cu.rt. density foam:- . .
(a) At a Sclution Flow Rate of 4 IGPM (w = 40 lb/min.,
s
Ve = .64 cu.ft/min).

aApplyi

\2

ng: vy, = 9.3 v _

£ 5
Ve = 5,95 cu.ft/min.
£ Vs b df = 5,95 = B = 47.6 1b/min.
=We - L 47.6 - 40
w_ = 7.6 lb/min.
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(b) At a Solution Flow Rate of 6 IGPM (ws = 60 1lb/min.,

Ve = .96 cu.ft/min.)
Applying: Ve = 9.3 Ve
s ve = 8.93 cu.ft/min.

W T Ve X df = 8,93 x 8 = 71.4 1b/min.
w, = w, - w. = 71.4 ~ 60
w_ = 11.4 1lb/min.

{(c) At a Selution Flow Rate of 8 IGPM (ws = B0 1lb/min.,

vy =,1.28 cu.ft/min.)

f
O

hpplying: v -3 v

f s
’ ve = 11.9 cu.ft/min.
We T Ve ¥ df = 11.9 » 8 = 95.2 1b/min.
) W, T W - oW, S 95.2 - BO
W = 15.2 1lb/min.
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Al.6 LIGHTWIN MIXERS

Al.6.1 Mixer Specifications

Model: ND - 2A Portable, Clamp Mount,-Gear

Drive, GreexﬁLightnin Mixer.

]

Motor: 3 H.P. 575/3/60 Totally enclosed

chemical motor.

Unit presecaled, prelubricated, suitable for continu-
ous operation for a minimum period of 5 years. Drive sgpplied
complete with tank clamp mount including integral vibration -
pad to ensurc shaft stability plus ball and swivel joint

for angular off-centre positioning.

Al.6.2 -Shafts and Propcllers

Mixing Tank Batching Tank
Shaft Length: 48" 70"
Number of
Propcllers: - 2 1 equippecd with

" stabilizing
i ring

Propcller
Diamctoer: 10.5™" 11.4"
Propecllicr Pitch
Ratio: 1.5 1.5
Opcrating Speecd: 350 RrRPM 350 RPHM




Al.6.3 Mixer Construction Materials

=
Mixer Housing: Aluminum _
Motor Framo: (: Cast Iron
Chuck Type Coup}ing: 316 Stainless Steel
Clamp: Aluminum
Shaft: 316 Stainless Stcel
Propellers: ' 316 Stainless Stéel

. .
Al.6.4 Mixer Mounting

Each mixer clamped to the side of each mixing tank
has its shaft swuﬁg 15° from the vertical and positioned
midway between the centre and edge of the tank for strong
top-to—ﬁottom turnover with no vortexing. The mixer clampced
to the side of the mixing tank has 1its shaft positioned to

create vortexing.

Al.6.5 Mixer Componcnts and Internal Parts

Figurc Al.7 shows the mixer components and the interral

gearing of the Lightnin mixers.

»
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Positioning Handle

~ Motor
Internal r’\‘
Gearing lh-‘"

ey ! i __,/ : : "
|i._\k\\ BTNH"

Position

Indexer . N\ l-

Clamp

Positive Drive
Chuck

Propeller

FIG. Al.7 Lightnin Mixer Components and
- Internal Gearing

+
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