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Abstract:

The primary purpose of this study was to investigate the effect of chip-shaped solids on the energy
losses in axi-symmetric pipe expansions and to compare these losses with water alone flowing through
the expansion. Since the energy loss hL is calculated using an empirically-determined loss coefficient
the study was performed by comparing the value of KL obtained at various concentrations for a given
flow rate with that from clear water.

Five separate expansion angles were tested with downstream velocities of 4, 6 and 8 feet per second.
The individual velocities were run with solids at volumetric concentrations of 0, 5, 10, 15 and 20%.

At the 4 feet per second velocity the energy loss remained essentially constant for a given expansion as
the concentration ranged from 0 to 20%. The higher velocities showed an almost linear decrease in the
energy loss as the concentration of solids was increased.
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ABSTRACT

The_priméry purpese of this study was to investigate
the effect of chip-shaped solids on the,ehefgy losses in
axiwsymmetrie éipe expansionsﬂand to compare these losses
with water alone flowing throughlthe expansion. Since %hé.
energy loss hL is oalculated.using_an empirically-determined
loss coefficient KL’ the study was performed by comparing
hhe value ofhKL_ob%ained at various concentrations for a
given flow rate with that from clear vva:be':n*.9 |

Pive separate expansion angles were tested With down—
stream velocities of 49A6 and 8 feet per second, The indi-
vidual veloeities were runlwith gsolids at vélumetric Con=~ -
éeﬁtrations of 0, 54 10 15 and 20%,

At the 4 feet per second veloecity the energy loss
remained essentially cOnstant for a gilven expansion as the
coméentration ranged from 0 to 20%. The higher veloocities
showed anm almost linear decrease in the energy loss as the

concentration of solids was inereased.




CHAPTER I
INTRODUCTION

A, Need for study

The main purposes of this paper will be to determine
the energy losses (head losses) in axi-symmetric flow ex-
pansions carrying a mixture of water and relatively large
rectangular chip-shaped solids and to compare these losses
to expansion losses with clear water flowing. This study
wasg initiated to gain technical knowledge necessary for
egstimating the head losses in pipe lines which may be used
for transporting solids whose density is approximately
that of water.

This study is part of a project sponsored by the U,S.

Forest Service investigating the hydraulies of transporting

Fig. 1l Axi-symmetric pipe expansion.
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Wogd chips in pipe 1inés; The p@ﬁential for moving large
duantifies:of,wood echips over long distances in this mét@éf
has aroused the interesgst of several pulp_énd_pape%‘oompép '
nies iﬁ'the United States and Canadas Such a'studyuwili be
a first<$tép.in obtaiﬁing design data for planning subse-
qught pipé'lihe systems.

B, Basib,hééd‘1®SS equation

The équatiom most eomﬁonly uged in engineering calqulaﬁ
tions for estimating head Loss, by for a dif£ag§?'shown in
Fig, 1, is a modified version of that developed for &n
,ébTupt'éhlaxgement (6 =186°), The head loss fQ¢ an dbrupﬁ
expansion is:

(Vg = V)"

P ]

by = =33 (1)
The theg:etigal development of this ig in Apbendiﬁ As

| Theoretieally; Eq; (lj is good omly for abruptjeipany
siong. Archer and éibson both found the head less slightly
larger than that indicated by this eguation which is then

modified by ihtrodueing a coeffiecient KL ag shown by Eg. (2)

o 2/, .
hy = Ky (v - vz),/zg | (2)

Kp is gemerally called the loss coefficient and is deter-
mined empiricallys For abrupt expamsionsy We H. Archer [1]

found that K, varied from 0,754 to 1.225. Gibson [3] found
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that for a given area ratio with downstream velocities V2
greater than 5 feet per second; the loss coefficient was
esgsentially comstaﬁﬁﬁ Below 5 feeﬁ per second the loss
coefficient falls off somewhat rapidly with decreasimg veloe~
citiess Gibson [2] plotted values of K vs. the expénsion
angle © for wvarious upstream aﬁd downs#réam.area ratios
(A1/A5) ¢ |

The purpose of this study is te compare values of KL
for elear water to Kr for a known concentration of a selidg~
water mixtures For a giveﬁrilowrateg a change in head losg
hL betwegn clear water and water carrying solids would
indicate that Ky is a function of the solids concentration.
Then by experimentally debermining hegd less hL for differ~
ent concentrations of solids at given flowrates and solving

for K. from Eg. (2), cemparisons of KL can be obtained,

L




CHAPTER IT
DEVELOPMENT OF HYPOTHESIS

An understanding of the flow characteristics in expan-
s1ons 1s necessary to formulate ‘a hypothesis which will re-
late head logses of clear water to logses for liquid-selid
mixﬁmres flowing for such seetions and to design an experi-
ment to Ltest this hYp@%hesis@

A ldterature review was conducted to fdrmulate a hypo-
thesis coneerning the change in Ki when solid particleslwere
introdueced inte the ﬁloWa No specifie 1iterétmre on the
head losses due to axi—symmefric expansiens carrying a
liguid-~goelids mixture could he found. mhis led to a litera-
ture seareh which pursued two separate areas: (1) The
méehani@s éf heéd logs in expansioens with a ligqudid ﬁlowing,
and (2) the transportatlon oif llquldeolld mlxtures in pigpe
lines. A eorrelation of bthe two studies allowed for the
hypothesis to be formed,

Ay Head loss in expansion

The flow of filwids through expansiocns is a‘proeeﬂs
which eonverts kinetic energy to pressure heaé{.(P/b’)e Phis
process is less that eone hundred per—cent efficient because

.of the dissipafi@n of the ‘turbulent energy in the fluid.
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This-reduqed efficiency is a measure.df the head loss in
the expansione.

The loss in any expanding section can be divided into
two parts; that due to friction on the boundaries and that
due to the shape or form of the conduit, called the "form
logs™., The total losg is dependent on the upstream and
dewnstream area ratio [3], the boundary geemetry [7], and
the veloeity distribution [11]. Except for gradual expan-
siens (6 less thah 10°) the friction loss is negligible
compared to the "férm loss®, |

Phe "form less", which is taken to be the total head
loss will be explained by the use of Prandtlts [9] boﬁndary
layer theory of flat plates which ean belmodified for ecir-
cular pipes.

The theoretical 5oundary layers for flat plates are
shown in Pigs, 2 and 5. TPig. 2 shows a boundary layer for
a zef@ pressure gradient (3P/3x = ©), This is also the
general shape of the boundary layer for a negative pressure
grodient, (8P/ox<0)s Fig. 3 is for' an adverse pressure
gradient (3IP/3x >0).

If the pressure is decreasing (9P/3x<0) in the down-
stream direeﬁion, the pressure forces and the inertia. forces

of the free gtream f£low are in the same direection and com—
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plement each other in overcoming the viscous frictional

forces within the boundary layer. This results in a reduc-

tion of the downstream boundary layer thickness, O.

Vv
—_— 3 )/
] BT
—) / ARSSEERERES
T )
Sl P A ST SR Y I A A Lg &= g X
Fig. 2. Boundary layer profile for
flat plates 9P/3x = O.
\Y)
—————— ]
g &Y
/V 5
//
i A B & D S
Fig. 3. Boundary layer profile for
flat plates 9P/3x >0.
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The adverse pressure gradient of Fig. 3 has its forces
directed upstream and tends to augment the retarding effect
of the viscous frietional forces in reducing the momentum of
the boundary layer jlow:sa that the boundary layer thickens
- rapidly., If thesé forces act over a sufficient_distémce a
séparation of flow from fhe pléte surface will oeccur at
point C as shown in Fig. 3, At this point the velbéity can
no longer move against the pressure gradientrim-the'régio%
adjacent to the wall, Parther downstream at Dy a baskflow
or eddy eiistsb These eddies will exist for,sdme distance
déWnstream ﬁntil they are damped out by the viscous fluid
aetion,

Expansions in pipelines afford adverse préssure gra,-
dients necessary for the separation of floﬁ and the forma-
tion of eddies similar $0 those deseribed for flat plates,’

An expériment.performed by S. J. Kline [7] showed the
effeet of diverging boundaries on eddj formations, Kline '
found that he ecould control the separation point by adjust-
ing a flexible lucite wall used as a diffuser. The position
of the separation point has not only been found to be_
dependent on the_gQGmetrie shape; but also on the boundary
roughness and the Reynolds number, (VDo/M) . Separati@ﬁ‘
builds up gfaduallyé forcing the main stream of flow away

from the boundary, -causing the separation peint to move
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ﬁpstream gntil equilibrium is reached., Separation is genefu
allylleoatea at the upstream end of an expansion for een—.‘
tral angles greater than 10°, | | |

The eddies formed due to f£flow separation have relative-
ly low forward velocities and oecur near'thé boundaries or
in regions where rapidly-moving streams enter or move past
stagnant or slower moving streams: As these slow moving
eddies mingle with the rapidly moving central part of the
stream, the kinetic energy_df the central core is deéfeased,'
Phe resulting discontinuity in:the veloecity profile ?esults
in high shearing sfrgsges occurring in the fluid and vielent
turbulenee-beiﬁg generated. The effiecienecy of changing the
kinetie energy to flow work ehergy (alse referred td as
pressﬁre head, P/r) depends on how much of the imitial ener-
g& is uwsed forming and dissipating eddies and hQW much
energy is direct frietional losg., Kinetie energy is inher~
ent in the large eddies and is dissipéfed in the form of
heat and is called the head loss due To the expansiont

Pig., 4 is a schematic representation eof the lecation
of eddies whieh have been measured iﬁtand downstream from
diffuserss The form less of a diffuser results from slow -
moving eddies shearing on the faster moving centrai core of

the diffusers When separatiom occurs, the entire flow
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pattern and pressure distribution is greatly altered from
that of established uniform pipe flow.

The distance required to dissipate these eddies is
called the settling length., This settling length is the
distance from the diffuser entrance to the point where the
hydraulic grade line becomes linear as shown on Fig. 5.
Kalinske [6] found that the settling length for 6 = 7.5°
occurred approximately 13 diameters downstream from the
diffuser entrance. Both Archer and Kalinske found that the
flowrate had little effect on the settling length.

Since the velocity profile within the settling length

is irregular and consists of eddies, the settling length is

o o
2 =

w S

Fig., 4., Schematic representation of
diffuser flow.




Dy (EGL, )
J L/,, )
\\\\\iu Settling 2
length

Sl By ! L 0 > _j
T )

-

Fig. 5. Diagram of energy grade line and hydraulic
grade line in the vicinity of a diffuser.
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a funetion of the magnitude and distribution of the turbu-
lence created. That is, the larger the eddies to be dissi-;
pated the longer the settling 1éngth¢. The ' pressure recovery
of the flow is mot complete until the flow has become uni-
form in the downstream section, A gréphieal indiea%ioﬁ of
the head loss, hL’ due to the expansion is represented on
Fig. 5. Bstablishing the elevations of upstream and down-
stream energy grade lines at the diffuser entrance will
alléw for the head loss, th %0 be determined,

B, Flow of ligquid-solid mixtures

Liquid-solid.mixtures may be divided into two c¢lasgi-
fications for pipe flow: "settling" ﬁixtures and "non-
settling! mixtures; according to the rate of settling of
the solid material whieh depends upon the particle size,
shape, density; the concentration of pafticles9 the liquid
dénsity and viscesity, and the velocity‘of the liquid, The
solids used for this study may be classified as é noxn-
settling mixtures The literature available for non-settling
mixtures in quite 1iﬁiteda

Mikio Hino [4] developed theoretical equations relating
turbulence imténsity and the decay time of eddies to the
concentration Bf solids in the flow, The non-settling
solids in this case had an average size of 100 m;cf%ns o

155 microns, Hino found that the decay time of eddies
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deereased as the solids eoneentrgtion increased. A decrease
of éo% in the decay time Wag found for a conoeﬁtraﬁioﬁ of
340%, He also found that an increaseiin conecentration broke
up the large scale eddies into smalier eddies, therefore
increasing the turbulence intensify¢ Bfeéking one large
rotating eddy inte several smaller rotating eddies ime%eases
the amount.of rotation in the fluid, or as stated; the tur-
bulence imtémsitya - .I

K¢ B, Spells has stated [12] that im turbulent flow it
is the veloeity fluetmatipns with instantaneous componenis
perpendieular to the general direchtion of flew which are
able to disperse sSolid pértieles through the bulk of the
fluid and maintain them in suspeﬁsiom¢ The ease with which
this is done must depend upoen the parficle size and density;
and the intensity of turbulence.

) Agsuming fhaﬁ Hino's results can be applied to parti-
cles larger than 155 mierons in diameter, a correlation
between solid-liguid mixtures 1ln pipe flow and flow through
a diffuser can be made, .

The turbulence of the fluld tends to spread the solid
particles throughout the entire bulk of flow and therefqrg
into the eddies near the diffuser boundafieSa The particles

dispersed throughout the flow shortens the distance downe
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stream required ﬁo dissipate the energy in these eddies
indicating a reduction in the head loess.

Sinee the feorm losses of a diffuser results from large
slow moving eddies sheapiﬂg on the faster moving central
core of the diffuser, a reduction in the form loss can be
expected if these same eddies arve not allowed to fgrm;
Suppressing them will increase the turbulence intensity and
reduce the settling 1engﬂ:hp

Assuming this is how golids will change the flow struc—
ture in a diffuser, the hypothesis ean be stated as: "For
g liquid=-solids mikﬁﬁre flowing through a diffuser, the
head loss will De 1e§s than that obbtained for liquid alones"

To test the hypothesis, experimental tests were run to
determine Kr for expansions with various solids concentra-
tions for given flow rates a@d to compare these values of

KL to those eceurring with no solids at the same Fflow rates,




CHAPTER ITIT
EXPERTMENTAL METHODS

To test the hypothesis; that solids added to flowing
fluids redueedlthé head léés caused by enlargemémts; the
following experiﬁgntal desigh included (1) head loss meas-—
mreﬁéntsp and (2) the deferminatidﬁ of solids concentra-
tions., " . | o

A. Head loss measurements

The head loss @@eurring in fittings is equal teo the
elevation of the upstream energy line (EGLl)e at the begin-
ning of the fifting minus that of the downstream emérgy
grade line (_EC}LZ)e projeeted back te the fitting eﬁtra@ee
as shown on Figs 5. This loss includés both the form losses
and friction lesses on the bOugdaries of the diffuser. Eags
(3) gives»the relationship for head loss resulting from
fittings.

hy = (EGLl)e - (EGLg)e (3)

The subseripts indicate the elevation of the individual
energy grade lines directly above the diffuser entrance.

Gombining Bg. (2) with Eq. (3) and rearranging:

_ (EGLl)e - (EGLg)e

=

Ky,

(vl - Vé)2/2% | (43
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The energy grade line (EGL) at any peoint in the flow is
equal to the hydraulie grade line (HGL) at that point plus
the veloeity head (V2/2g) based on the average velocity. _
The elevation of the hydraulic grade line (HGL)‘is equal to
the pressure head (P/¥) plus the elevation head (%).

Computatiens ef head loss, hL, require that the up-
gtream energy grade line (EGLI) and downstream energy grade
line (EGLQ) be established at the diffuser emtrance. To
establish this, the slopes of the energy grade lines (SEGL)
must be determined: |

The HGL has a constant downward slopg in the direetion
of flow for a uniform flow im a pipe of constant eross
sections This uniform slope, or ralte of head loss, is due
to a sonstant rate of friction loss im the flwvid ocecurring
at the pipe boundaries and is ealled Tthe normal friction
slope. The Honmlinear partion'of the downstream hydraulie
grgde line, HGng in Fig., 5 is caﬁsed by a non-uniform vslem
city proﬁiie of the fiow resulting from a boundary layer
separation and the.ﬁormatian of eddies in and dowastream
from the expansion, Average pressures measured in this Yeo
gion of flow result in the eurved portion of the HGLZF The
velocity distribution‘im the region of a pipe expansion is

shown on Fig. 4.
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If the horizontal datum is taken at the center 1in§ of
the pipe, the-eievation head is then everywheré equal to
zero. Referring to PFig. é; the EGL, at peint 1; (EGL2)1; is
equal to Pl/y plus V22/2g,o At the diffuser entrance (EGLg)e
is represented by Bg. (5).

(B6L,), = (B6L,), + (SEGL,)(XR) (.'5)
where XR is the distance in feet from point 1 to the diffu-
ser entrance as shown in Fige éo

(EGLl)e is established in the same manner and is repre-
sented by Eqs (é) using NDS as the station number fér'the'
ﬁressuﬁe tap just upstream from the diffuser entrance,

(BOLy ) g = (BEDy Jypg ~ (SBEDLy) (Xypg - XR) (6)
where SEGLl is the slope of the energy grade line upstream
from the diffusers

S8ince the velocity head is constant for a gilven cross
sectlonal area, the slepe of the hydraulic grade liﬁeé SHGL9
is equal to SEGL in the region of uniform flowé The follew=
ing describes the procedure to determine SHGL, and conéem |
quently, SEGL.

To establish the SH&L, the hL betwgen every pair of
pressure faps is determined by Eqg., (7); which is derived in

Appendix B,




P
1/ s
X(2) X(3) _[X(4) X(n) [X(n+1) X (NDS
S
® ® @ o000 @
XR
Pig. 6., Diagram showing notations used in

computational analysis.

—LI—
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SbG’o ""SéG'to
hL _ [ mf - fﬁJ[ZXYJ (7)

S,prf 12

SoGomf and SaG.ff are the specific gravities of the manome-
ter fluid and fluild flowing in the sysfem.resp_ectivelyq

/Y is a differential manemeter reading in inches between
two pressure taps@ Knowing the hL and distance between _
each pair of pressure taps, ZSX, the SHGL between each pair
of pressure taps is computed by:

SHGL = (hL)/AX (8)

The slopes between successive pairs of pressure taps in
both the upstream and downstream regioens of uniferm flow
varied slightly because of experimehtal errors and slight
irregularities in the flow, |

Using Eqs (8) and statistical methods as. explained in
Appendix €, the best fit downstream slope of the hydraulic
grade line, SHGLg; is established ffem pressure tap 1 to
the high point on the HGL shown on Fig, 7, using the follow-
ing iterative procedure,

.Starting at the downstream end of the test seefion
with the pair of pressure taps 1 and 2, an approximation of
the downstream slope of the hydraulic grade line, SHGL,, is

determined from:




<
—

o HGL,

_6'[_.

|
i
1~
SR 14,_._ e = P E e

(2% | X(3) |X(4)

ALY b Bheel

O
g \
2
@

|

|

O

oy

le —— XR |

™Mz, 7o Coordinate systém used to
ietermine SHGL,.
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(SHOL,), = by _py/[X(2) - X(1)] (9)
with subscript 1 denoting the secﬁion.of-pipe between pres-
sure taps 1 and 2. Eq, (9) is a'first approximation of the
best fit slope of the downstream hydraulic grade line and is

26
The slope of the hydraulie grade line betweeh the next

set equal to SHGL

successive pair of pressure taps (SHGL,), is computed:
(SHEL,), = hL(Qwa)/[X(B) - X(2)]

where the subscript 2 denotes the section of pipe between
pressure baps 2 and 3. |

A eomparisén of the slopes is made by the following
equation: |

|(sm6L,) - (sHEL,),| - B <0

2) (10)
E is the statistieal test for the significance of +the differ-
ence betweem>the two slopes. The confidence of the B is
dependent on the number of points used to determine the
slopes being compared. E is discussed in Appendix C, If
this inegquality is satisfied, SHGL2 is then corrected by a
statistical méthod‘@alled "the method of least squares"”

which is alse discussed in Appendix C. From linear regres-
sion the general slepe equation for a line that best‘fihs a

set of points Xi and Yi may be written as:




2]

B ;:ZXj_Y% “ZXlZYJZ_/n

where n is the number of observations., In BEg. (11) X; is

(11).

the horizontal distance from the origin of coordinates and
Y, corresponds te a vertical measuremeht, or pressure head
(?i/U)o B represents the slope of the best fit line and
now becomes the new approximatien feor SHGLZb The @Tigiﬂ»O?
coordinates was set at the final pressure tap ef the experi-
mental system as shown by Fig. 7.

If the inequality is not satisfied‘im any portiona of
the test seebion further downgtream than is consistent with
other results the data is cheeked and the apparatus imsﬁemﬁm
ed fer physieal eon@itioms causing this, The data is sub-
gequently run agains

Assﬁming that the ineduality is satisfied; uging the
new approximate slope SH@L2 the procedure was repeated *o
obmpare this slepe with that between pressure taps 3 and 4
by s

|(sHET,) - (SHEL,)4| - B <0 (12)

If the inequality of Bgs (12) is satisfied the slope is once

again corrected by the general slope equation; BEge (11),
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From Pig, 6 the above procedufe was repeated until Eqa
(12) was no 1®nger satlsfledg or until the 1nequa11ty of
Ed. (13) is satlsiledp ,
|sBeL, - STen (ns1))/ E(a+l) - X(n)]im B> 0 (13)

For the section of pipe represented as (m—(n+1)) the abso=
lute value in Eq, (13) is gméater hhan.E; indiéatiﬁg.%hat
the change im slope is éignifi@ant,aeobrding to ﬁhejsfat%sm
tical t test used to dgtermiﬁe Es The SHGL, is ‘then equal
‘to the corrected value of slope ébtained up to se@tionlﬁﬁ)

by Bqs (10); this is wsed o determine SEGL, and (EGLz)eﬁ

2

The slope of the ups#ream energy grade line SEGL, was
established in much the same manner as SEGLZﬁ Simce.the
enti;e BGE, is linear the use of Eq, (io) was notb $equirea
to determine the significance of slopes hetween upstream
pressure haps.

Knowing SEGL; and SEEL,, Eq. (3), (5) and (6) are used

1
o dete%mine the hLﬂ Sinee the mix flowrate QM was measured
in each case9 the velocitilies Vi and Vé could be determined |
from the continuity equation V = Q/Ab Eqs (2) is then used
to detefmine Kie

B, C@oncentration of solids

The eoncentration of the solids im the test line was

deﬁermined using the follewihg procedure, The inflow of
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clear water and outflow of mix flew were measured~simultaf
‘neously while holdimg the volume in the mix tank éonstamt,‘
When these Gonditiohs were met the fléw @f'so;ids, Q5, eould
be determined from,the follewing equation:

@s - Qu - gv
The volume concentration C; of solids in the systeﬁ can then
be éxpressed by :

¢ =85 _ QM - QW
QM - QM

¢ is the volumetwic concentration of solids expressed ag a

per centage of the total volume of the mixture:




CHAPTER IV
APPARATYS DESCRIPTION

The apparatus description Will be givem in three parts:
(1) a description of the plastic chips used to simulate
wood @hips, (2) a general desoription of the entire éppara~
tus, and (%) a detailed description of the 30 £t tesp
section and measurihg eguipment used for detefmining the
head loss due to the expansion, Fig. 8 shoews an overaliA
view of the general apparatus with the test seetion rgmoved@

A, Plasti@-ehips

The solids material used for the test was plastie
ehips with a gspecific gravity close to 1.,01l. The chips, _
red in eolor, had dimensions of 3/32 in.x 3/8 im.x 1/2 ins
Wiﬁh a toleramece of + 1/16 in, in the‘width and length,

B, Complete laboratory apparatus |

It was necegsary to have a separate feed system for
both the chips and water in order to obtain different ehip
conecentrations in the system. Twe stqfage bins were main-
tained feor this purpose, The reguired volumetric flewrate
of chips and water were then discharged imte a mixing tank

for injection into the test line,
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Water was pumped from the storage bin through a 3~ineh
pipe line into the mixing tank by a 1740 rpm; 5 h.p. centri-—
fugal pump. The desired flow of water was regulafed by a |
gate valve in the %-inch 1ime, Installed in this same B
inch 1line was a magnetic flow méter for measuring the water
flow inte the mix tank.

The plastie chips were dumped from their stoyage b;g
by gravity onto a conveyor belt 18 inches wide then elevated
before being dumped int@ the mix tank as shown en Fig. 8.
The aﬁount of chip feed was controlled by a vertical gate )
mounted on the chip storage bin, For reeireulatioh of ehips
through the system, a chute was lowered to the positioen
shown by a cross sestional view of the chip bin in Fig. 8
allowing the chips te pass direetly from the rotating drum
down to the couveyor, To remove chips from the system,
the chute was raised to a vertical position.

The contents in the mixing tank were then pumped Ey a
400 gpm,; 1090 rpm centrifugal pump into a 4-inch line lead-
ing to the test seetion. The rate of flow of the mixtgre
was controlled by installing a 15 h.p. direct current motor
Yo the pump. The motor”speed and econsequently the pump
speed was controlled by using the rheostat on the cenﬁral

control panel as shown on Fige. 9«
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Fig. 9, Control panel,
From the 4-inch line, the mixture passed through
another magnetic flow meter before being throttled down to
a8 3-inch plastic line 12 feet long, The flow then passed
through a clear plastic diffuser into a 16%-foot length of
4~inch plastic line. This particular 3-inch and 4-inch line
constituted the test section in which all pressure measure-

ments were performed. Six-foot lengths of plastic pipe
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were joined by tongue and groove joints to form the reguired
p@pe lengths. o

After passing through the test section the flow was
then elevated and dumped into a retating drumg; The outer
wall of this drum was constructed of +-inch wire mesh._ This
wire mesh allowed the water to separate fr@m the ehips: The
water dropped direetly downward onto a_pan where it theg }
ran.into the water storage tanko The chips continued down
the inclined. drum and droepped either into the chip bin or
onto the.ehute for recireulation.

Figs 9 shows the eontrol panel whieh consisted of
sw1tohes9 flow meter charts9 a manometer show1ng the mix
tank level amd a rheostat for control of the direet current
motor. Alsoy Wlth;n easy reaech of the operator was a gatbe.
valve handle for controlling the ﬁ@gw of elear water into
thelmix tank: Off=on switches were provided for the con=
veyer belt, fotating dﬁumg both pumps and the two flow meter
éhartsa Loeated di?ectly under the comtrol panel were the
relay and fuse boxes for all electrieal equipment used,

Co .Test section and measuring devices

ls Flow and concentratioen measurement
The operatlon of the magnetie f£low metery Fig. lO, is

based on the principle that the voltage induced by a con-
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Fig, 10, Magnetic flow meter.

ductive fluid moving through a magnetic field is propor-

tional to the velocity of the fluid. A magnetic field is
produced by saddle-shaped coils wrapped around the flow.

The induced voltage generated by the conductive fluid is

sensed by two electrodes located between the coils and at
the fluid boundaries. These two electrodes are connected
to one of the dynalog flow recorders shown in Fig. 9.

The faster the fluid moves through the magnetic field,
the greater the voltage generated, A direct, linear
measurement of the flowrate of the fluid is thus provided.
The two flow meters were calibrated to provide direct read-

ings in gallons per minute through the transducer system,
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As the density of the plastic chips was appreximately that
of the water? they were assumed to have the same veloclty as
the water and thus did not affeet the indueedfvoltagea Th?
chart readings therefore indicated volumetrie flow rates of
either olear water or the water~chip mixture,
2. Pipe and test seetion

The test section congisted of 3-and 4~ineh inside dia-
meter pipe made of aoryliqiplastie i-ineh thick, Fig, li-
shéwé the test seetipﬂ and measurements betweeh manemeter
taps.

At each pressure reading s%ation three differemt mane=
meter taps were installed at 120° from each other as shown
on Fige. 12, A 5/16"-imeh hole was first drilled 1/8-inch
deep into the 1/4~inch plastic section. TUsing 5/1é~inch
pléstic red; nipples 1 ineh in length were shaped on a lathe
to £it the drilled hele in the test pipe. The nipples were
then drilled éompletely through with a 1/8-inch drill, The
nipples were glued into the preseribed holes and allowed to
drys A 3/32-inch drill was then used to finish drilling
through the 1/4-inch well of the test sectien. Tygon tubiﬁg
of 1/4~iﬁch I.D. was placed over these nipples foxr connec-

tion to the manometer board.
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120 %~

Fig, 12, Pipe cross section showing
pressure tap installations,

Five separate expansion angles were used for the test.
The central angles © were 10°, 30°, 60°, 90° and 180°,
Fig., 13 shows each individual expansion angle.

Each diffuser piece was so constructed that the overall

length was % feet. This allowed for the removal and instal-
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lation of individual diffusers into the test section within

a matter of minutes,

0-10" 16-30" 6-60 48

Fig, 13, Diffuser sections,

The diffuser formed butt joints between the upstream
and downstream test sections, Victaulic couplings were used
to hold the pipe sections in place. A victaulic coupling
consists of a clamp fitted over a rubber gasket, Each end
of pipe was grooved for the setting of the c¢lamp. Fig. 14

is an illustration of a victaulic coupling.








































































































































