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INTRODUCTIOR

The problem of functional head losses of sludge flowing
in various sizes of pipes has long been a perplexing one to
the desi:n engineer, due to the varying nature of the sludge
itself. It has been definitely established thut no two samples
of sludge are alike in water content, specifie gmavity and
other such properties. Emperical formulas nave been devised
but their use is mainly for sludge flowing at velocities in
the noar turbulcnt reslon. Therelfore In the recernt y~ars
an attempt hes beon mado by experimentation to ind a sclution
wiich wo.ld stundardige in some manner the design of sewage
slud;e pumps and slud;e llnes,

It was the Intention of the autior, In some way, to add
scdiciornal informaticn to tle exhaustive researech of iire
Harold I, 3Zabbit and kir, vavid H, Caldwell of the University
of Illinois Txperimental Stction. There were, nowever,
nunerous cbsticles In tho way, malnly the time elemcnt and
the lack of experlacutal equipnent at iichizan state College.

Through the ecoperation of the officlals at the Jack=
son Sewajze Lisposal Plant at Jackson, Michi an, a set of data
was taken and compared :u data obtatned from the A
{7ell Works, Aurora, Illinols, and the Illinois-ﬁxperimontal
Statliona

It is with deep regret %that a mora extensive resecarch
effort could not h@ve been made, However, as it was stated
previously stated the time element was an important factor,

The author wishes to express sincerist appreciation to
Professor Frank Thoreaux of Micaigun S¢ate College for his

time and professional assistance,



PART I

The amount of information concerning sludge is limited
arid insufficient when attempting to estimate the head losses
due to fumction caused by sludze flows in pipe lines. In
the flow of sewase sludues it has been assumed that the fore
mula usually applicable to water may be applied to slud:ze
provided the velocity of the flow 1s great enough to cause
turbulence, Problems envolving the laminar flow of Yluid
in various sizes oi pipe can be solved by mesns of Peisee~
villest!s equation whiica 1ag

H‘ : 0.00136 (—) Ba
where H, sheed losses in feet
L =length of plpe in feet

Q srate of flow in cuble feet
per second

A =sbsclute viscusity n polses

&

ayeiysht In grams per cubic
centimeter

D -dlameter in contimeters

Q@ =dlscharge in cublc feet
per second

Turbulent flow Irictidnel losses are determined by mesns
of the Reyroldse~Stanton (lagrame. At precsert emnericsl fore
mulasg are being used to cetermine the laminar flow frictional
losses ¢ plastic or pseudo-plastic materials wnich are flow=
ing in eircular pipese This mesans that rot only are these
losss evaluated for sludge uvut fur othor fluild as well, such
as suspension of cley, need from éullin: processes, and wood

pulp suspensions,
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In earrying on from this point 1t would undoudtedly be
clearer to ciscuss thie Investijatlions of other experimenters,
notably Badbltfe Profcossor Babs1tt has been responsible for a
number of the emperical ioriaulas in use todsy. FProfessor
Babbitt is alzsc noted for his studles of the properties of the
so~called plestiec €luld wilch upon examination :;1lves a much
bettor unuersta:ding of tha actiors and reactlons of sludge
unday varylin; eondltions. 4%t would boe nearly impossible to
discuss Iin deotail theso prupertles, liowever, iLhe suthor will
pressent tne most ihgortant of tae characteristlcs walch i$ is
noped will lrave any reader's mind open to Individual examine
atiorn anl expe. imsntation,.

One o7 :he pruper.ios wn'ch varles ccrsiderasly in all

sludzes la wlscoslty, walch 1s defined as the measure of the

resistance to flow or deformation of a fluid,.

The rete of cdeformation 1s a linear function of the deforme
Ing ivrces Tlhe caefflclent of visceslity of a fluld 1s equal
to tha tangzentlal force on a unit area of eftier of two hori-
zontal planes at a unlt distsnce apart reguired to move on
plane with a unit velocity with reference to tne other plane,
the space between belng filied with the viscous substance,

Therefor it follows thats
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‘Ao: Sx (| )

where ' 3 coefficlent of viscosity
S ® tangentlal unit shearing
force

X = distance bstwacn the »lanos

V s veloelty of one plane with
respect to the other,.

In 529 CeGeSesystem the unit of viscosity is called the
polse, or the centi=-poise, which 1s one one~hundredeth of a
poise, There Is no namd zgiven o the coefliclent in the
FePe3e systeme

ihe next important property which varles corslderably
1s plesticity and plastic flows Plesticity is defined as the
property of a subatance which enables 1t to bo contliruously
and permanently deformed in ary ddirection without rupture
under a stress exceedin; the yield value, Alter deformstion
has started, equal increments of stress will produce equ:al
increments of veloclity. Since a part of the applied force
Sis used up in overcoming the yield value of Sg,the equation
for vlastic flow becomes:

ns= (—?_—%ﬂz—x (2>

whare m is the coefiisient of rizidity of the
wenived , malerial,



Fig. |

Shearing Stress
o

c\“”

° Velocity of Fiow
Class I Truse Liguid

ClassII Fseudo=plastie
Cless III True rlastie

Cless IV Inverted Flastic

isure 1, i8 & represontation o’ ¢ recornized types of

flowe Curve I represents the flow of a true 1liquid, the slope
of the 1in6 is proportionsl tou the coefficilent of the viscos-
ftye. Curve II represents the flow ¢f a pseudoeplestic material.
This curvé dées hdt follow the equation of a plastic flow since
the line bends town:d the oriszin at lcw rates of flowe Curve
III reprosents a true plactic and 1s a grepnical representation
of equation (2)e The arparent viscosity o the plastic at any
point A on Curve III is proporticnal to the slope of the line
OA+ Therefore the apparent viscosity 1s not ccnatant for
- different velocitles and stresses., The two different veloe
cities such as A end B, correspond to different viscos!ty lines
OA and OB , the slopes of which are proportional to the
apuvarent viscositys Curve IV represents the flow of an ine
verted plastic materfel, This substance 13 then at low rates of

flow but hecomes Increasingly thigker as the force incresses,
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It was found by Babbitt, the flow or sludge and cley
followed Curve III and were tnerefore classifled true plastics.

In an altempt to formulate ina factors affecting the frice
tion resulting from the steady , uniform flow of sludgce in a
circular pipe, cortain essuriptions were made by Dabbltt and
then checiied by certain tests., It was assumed that the cone
ditions efrectlng tie Tiction resulting from the laminar flow
of sludge in a cirdilar pipe were tiic welucity of the sludge,
Lthe alameter of the nlpse, the length «f the pipe end the
churacteristlcs of the sludjze such as density, rizidity and
yield value, ‘The pressures and temperature were assuned to
affect the frict on only tarough tunelir effect on the charace
terlstics of the siud;ee. +#nothier facto which was essumsed to
po-sibly affect tue friction was the roughness of the pipe
walle. liowever, it Is known thet, in the laminsr flow of flulds,
s Pipe well rcughness coes not affect the friction loss, .
Therefore, it was assumed that the pipe wall rou~hness will not
affect friction loss in the laminar floﬂagludgo. The friction
loss wss assumed to result orly from thne rub.ing of the sludge
loyers past each other and not from kinetlc erergy losses.

Birxham prersented by 8 compliceted mixtheact cel analysia
8 formula for the mean veloclty of flow.

V= 1—? (Sp- %3‘8) (3)
where D » dieameter of pipe in feet
n = coefficiant of rigildity, vounds
per foot per second
Sp & shearing stress in a flowing

material abt tne boundary or ;ipe
wall, pounds per square foot
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S, = shearing stress st the yleld
point of a plastic material, called
¥ield value, pounda per square foot.
Bingham also showed that the coefficlent of rizldity m

and the yield value 83 wére lndererndent of the cnaracteristics
of the mesasuring apparstus, but dependent only on the nature of
the sludge, Investigzation showed that by plotting Sp as ordinate
and ‘gé a8 abscissa the slppe of thie resulting line represents
the cooii’¢iernt of rigidity and for & given siud.e, the same
iine represents the flow of the sludge in a pipe of any diameter.
For ‘ndustrlal piping src w!th rews; e sludges, clay slurrles

and dmllin: ma’s, the fellewing equation wes found ap-licalbes

169 mnV
—-5390 + oD? (4)

H
L

wnere H = hcad loss
lengstu in feet

o » density, pounds per cubic
foot

The critical velocity wes corsldered ag that veloeity
belaw which the friction loss 1s directly preoporilosnasl to the
veloc'ty end above w.lch the fricticn loas ls directly rro=
portional to some rower of tho veloclity between le7 and 2406

Reynolds showed tnat tae eslticel velocity occured at a
aefinite value of the Feynolds numbers It hes been recently
shown thau in incustrial piping the value of the Reynolds
nunber &t the criticsl velecctty is anproxamately 2300, For
circuler pipes the 1flow wlll be liminsr when the Feyrolds
rumber 1s less thsan 2006, but In ndusirisl Installatlons the

flow will usually be turbulant sbove Neynolds numbor of 3000,

'l ow
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In order to determine Reynolds number 1t was necessary
to krow ths viscosity of the flowin: material, Since sludge
possesses ro def’nite viscosity but & varyling apparent vise
cosity, Reynolds criterion for critical velocity carnot be
¢irectly eveluated for sluc;e. Huwever, by refering to

Polsevilli's expressfon of viscosity

= 4D Sp (5)
v v

for
formulasAboth the lower critical velocityj@and the upper

critical velocit;?fwere dsrived, g£iving
Vi = 'ooom + 103 ¥aqn? + D*84e
De
Vie= 'SOOM + 127 Viqgom*+ D*sye (1)

(@

Actual experiments showed & hish SZE;;e of correlation be=
tween obhsorged and comsuiod.valucs.

Amony the Important factors to be consldeored *‘n sludge
are the lfactors effecting yleld valus, oni the crefiicient
of rirxiditye. Lo most Imiortsnt of thess fuctons are cnncene
tratlon of suspendsad matter, slze erd character of particles
of suspended matter, temveirature, thexotropiy, slippa;;e and
sespue, altation and ges content,

In Rabiitt!'s Investi-eation, the concentration of suse-
pended wmatter wag talion ns the rabiom of the wel- -t of dry
solius to the welyht ol the mixture of dry solids and 11guild,.
According to the test made showed thast the concentration of
euspended nmatter greatly affects the yleld value ani affects
the coefficient cf ricidty to e leeser degreo; Further tests

wore interpreted t., mean that the ret effect of an incresse in
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solids concentration was to increase thzs resistance tc the
flow of t:.e material.

Dinghaem stated thai £a ule diaaster of ine s.lid pertie
cles is cCecreased the reslstarce tu flow Incresses. This is
not ccrslcered as reliaeble irformatlion ncwever, zsince the size
ol Lhe narticles way be cnenge by ciemlcals »resent, agitation
or be o ure €L 08.

Tomperature hes a waried effect on the viscosity of
flulds., In the case of liqulds a riso n temmorature lowers
tho viscusicy walle In the case of cases the raverse 1s true,

1 Bab.ltt's investl ation no atbtenpt was wade Lo formalate the
effect of tempaerature on te vield value in v.e case cf sewage
sludges. Hatfleld fcund a decrease ln reslstince to flow

of gews:e slud;;e with an Incrsaso in tewmperature.

Thixotrophy 1s t2e rrojparty, or plhioncmeron, exit'hited by some
shaken

gols of bocomling flulds wuen =ohken, This chance nay also
ba reversible, It mey be readlly azen th t erroneous cata
may be ucquired if btae property ig not tolten into consldorue
tion and poeslibly overconiass These thimotronic nronerties
rrently affect the viscosity of flulds thereby piviny erroe
neous abservationse

Bgitation may caenje the reslstvnce to flow of a sludge
1h a ~iven ripe line by chanzing both the yleld value and the
coefiicient of rizidlty. Azitstion may change tha size of the
particles, rearrange or rsdlstribute tha partlcles or -~roduce

a form of thixotropuy. Cne of the com:onest i c:ans of arzitation

ecnlew
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is pumpqzhe sludge throush reciprocating, centrifuzsl or
rotary numns., Thils very definltely afrects the sludies
flow charactoristics, The theory has be:n advance& that -~
poszidbly the flow of sludre in lons p’pe lines may so change
tho values of m &nd S% thet the resistsnce tc flow nesr :he
ené of the llne is leas than et the besxiinin;.

Hubhles of gos so f'rely divided &s tev be uravle to rise
and esc&pre can occure :n s8lu.ge turovih bacteriel fermentation

or £8 & resitl cf meensnical stirr!ng, Wh'lc oa lowars the

L

dercity &rd evern thoush, theoretficelly, denrsity hes nocW effect
on the lariner flow of esludre, it wcs observed thet, wien the
velocity of Xlow was larg;e erough to cause turbulence, the
heed locsg cdue to frictlor is nrorortionel o the dersity,
#1tho gh the investirations of sludie and fts flow are
limited, there heve veen a nunher of okner Investlicetions
by experimentors who heve hed 8 primavy irterest In the nrob-
lome <he results snd conslusions they have drwwn wiih regard
to sludre are ‘ntaresting e&nd somewha*t based on essunvtions
w-3ch do seem lo;fcals 'he followin» 1s a list of a nunter of
these investigators ena tielr conclusionse.
1. r'e SOIMN, Vie P
{(a) tha moss econowiceal velociiy o purning
is Lle - rfticel velocity.
(b)The apparent viscosity of slurry at hHie
critical veloeity varied frocm 24 to 85
timea th+t or waser, dependings on the
concentration of solids.
2+ American 3ucleyy »f Clvil ¥norineers

{a) S udre is reither a viscous nor a homo=

(b) The ususl snelytical tests do not define
i1ts physicel qualitlies, but it seems to
behsve more like suspended material,
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(c)

(a)

(e)

(r)

Zslow uhie ci il cal velocity sludires have
8 different friction fa:tor from that
found e&hove the critlcal velccitye.

Sludye frietion incrsases with decrease
oi molsdurn corntert,

Slud e friction lcsses tornd to increase
with lower re_.u;atxros.

Siudgze frictlon lossas Egg 11 h veloc!itles
from abont 5 to € f=ef rercecond nr more,
tond t3 follow mor3 clodaly this characbere
istics Jor t.e law foo o9 flow of water.

. for .

Friction losses £m fresh or undirested
slud;re and for glwisza {rom coxsired sewae
ars mors ¢ ratic sna the detaermlination of the
friection factor 18 ore dlfferent

vithin the ilimits of Investl:ation, no
law of flow was fourd.

Oe Hatiield, We De. '

(a)

(¢)

ine viscous propertiss ol sowa 3-udge
have nheen shown to be pseudo-nlastic, that
is, ta> a.parent viscosity uetreasas as the
rate of ghesr und tho shearin; stresg: ine
cresso.

e is thixobtronle, the rseudo-plestic
s's*'ﬂce Pnd, *horofowe the annaront

scoslty velng gieatly rednced hy stirring and
sha.cing,.

Tho epparent viscosity whan vlotted a ainst
tiie racve of flow or tiue gercunta;e of solids
procuces a strali~ht line on 10;8?.tLﬂLC Co=
oruliiztes,

It can e reaclily s—eon thst much i1s left to bve uncoverod

end that slud-e

rumps ard sluu.-e lires aro a long ways fre

perfecti.ne. In uni 58 of tlhie amount of ex,»srimentactlon that

has bhean dono therx

i3 22111 roum for Inprovement for the

nunber of vnr*»ble coniitions ere cifficult to antrolo At
the vre:.ent the only anser t. the situation &p ears tu be,
rot in emperical formulas, but in data takeon undor actual
field conuitions where ths varisinle properties c¢f tlc eludge
and the effect of the various distrivution systems can be re=
corded ss they really ere, ‘hen thnt dey comes, there will
uncoubtewly be a corsiderable sebing in tane expense of design,

censtruction and

maintainonce of sewe,'e diszpocal units,




PART IX

Although the time element for this thesis was short, the
author was able to obfain a sot of data from the sewage vplant
of Jackson, Michigan with the intent of compering the cdata to
the results of other investegators, Included 1in the data obe
talned from other date are the charts which were drawn up from
curves developed by the Amerloan Vell Works of Aurora, Illinois,
The results of these curves are shown in Pig. 2. The chart
gives the heed losses in various sizes of pipes undsr varying
rates of flow, velocities and moisture content, The value
listed under sludge friction factors are the percentagze that the
head losses are of the 1007 water. By multiplying these pere
centages times the various head losses for 100% water -he head
losses under .he varfous molisture contents are founde The frice
tional head loss values are plotted in Figure 3 thpough Fizure
10 where it will be noted that they give & clearer picture of
the behavior of sludge under the varying molsture contents.

In all cases the sludge curves are by no means comparable
to the curve for 1004 water. They do howsver seem to approach
the trend of the 1007 water iIn the upper values of velocity and
rate of flow, Th's 18 particulaer}y noticable in Figure 6 and
Figure 10 for the 8" pipes, In the case of th: smaller pepe the
values are extremely high and run off the diagrame.

In all cases 1t can be plelinly seen that for ell molisture
contents, with the exception of the curbe for 100Y% water, there
is a sharply defined hump 1n the curves et velocities varying
betwecn 1 and 3 feet per second, What really happens at those

points can only ve loft to the lmagination. It could be assumed
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that the sludge i1s either entering or has entered the turbulant
reqion end 1s slowly epproaching values more comparable to water
even taough they are much hizher, If 18 also possible thet
aglitation at this point has reached 1ts maximum and has chan ed
the particles to & more uniform size asnd shape, thereby causing
the flow to even out. It does indicate that the best velocitles
at w:lch the t&® operstion would be most successful would be
between 5 end 7 feeteper-second.

It cust be understcod that the American %Well Vorks did not
publlish ‘n the veper the conditions under w.ich the tests were
rune T:1s would have & decided effect on the final analysis.

It would be_assumed thaet conditions were as 1de$1 as possible
and 1f they were as such, the curves would in some ways sube
stantiate the results of other investizators (3ee Part I).
First, the sludge frict on losses increuse with a decrease in
molsture content, Second, the amall iﬁgiis content does in-
crease the head losses as compared to 100% water approaimately
1% tol4} times depending on the velocity and moisture content.,
Third, the values §ive a curve of nearly the same slope as 100j
water in tae hlsher rariges of velocity and rete of flowe In
basing @ desligzn on ths above facts and the American Well Works
curves, it would have to be done with the ;reatest of care since
@ smooth curve would have to be s:uperimposed on tiose curves, It
18 belleved thut in thés way a slizht safety factor would be
Introduced whlch would comuoncsete tH & certain extent for the
varying properties of the flowlng sludpgee.

'éga tiils point let us examlne a few of the for - ulas which

may be used under certain corditions where sludge is concerned.

It must be noted that in most csaes ceptain assumptions must



be made wnlch must be taken with questionable value, However,
tie values do give interestingz results wuaich do glve en indi=-
catlion of the varlaebllity of 8s8ludges

Accordin_: to Babbltt and voland (Sewerage and Sewase Treate
ment), if velocitles above critical are used tie friction loss
In the sludge pipe can bde estlinated by the applicetlon of the
Hazen=Williams formula v=1.31 ¢ g¢?s™** s using values of ¢
207 to 407 less thun tune va.ues that have been established for

the flow of water in pives of the material to be used for cone

veylrgs the siudses This means that. since,
vel31C €3 §°

<= ('alc)tebc )/.es
or s = ( 764)1 85'(2.6;)1.55
)lab

By considering only (+2¢°
of:

tals gives for values

c 20% less
(.?_2_4)'.94: ,839 or &3.9% which 15 16.6 %
less +hon volues for woter

c 30% less
('7'%4).'65-'- 1153 or 115 3% which 18 15:3%
meore.
c q0% less

(‘262)®°. |.568 or 558% meore

The value for C 20:less seemns erroneous siice 1t slves a result
of 16467 less than the usual values for water. Tils cannot be
according to the observationscf the azevican Well Workse. They
lisve snown thait In virtuaslly all ceses %t velues should exceed
water, such as, the values of € 30, to 407 1s correct or 8ll are
incorrect cbservations.

Arother interesting comparison is the comnarison of t.ie
formulas fer lower and upver critical velocity by Babbilt and

number

Reyr:olds a{using Scioder and Lawson &s a reference),a l.eyrolés

flow
number ot over 63 will sive turbulanta. It will be assumed that



the specific gravity is 1,008 (ectivated sludgse) and a pipe
diameter of 8", It will elso be assumed that the molsture

content is 977 snd the coefficlent of viscoslity 18 0,02 polses,
(R) (P) ()

Thereforet Q‘% = o

where @3 s rate of flow in gallons per minute
D @ dilemeter in irches
A s coeificlent of viscosity
© e speclflic gravity
By substituting in the formula, @=109pm. + Now let us turn to
the formula for upper critical velocity accordingaBabbit since

velocitlies over this will give turbulant flowe Thereforej
v= !5con + 127 Viqon™® + D*Sy ¢
De

where mn = <001

D = 1/3 feet

) :62.4 lbs. ner cuble foot
The above values were taken from Babbitt and
Doland, "“Sowa..e anc Sews ‘@ Negizn." 1By sube

stituting in the above formula,

v= .07 Feedl per second

Therefore, any veloclty above thils value will tuheor=
etically zive turdbulsnt flow. Sinece v=.07!
feet per second, 1t equals 4.2 feet per minute,

Since Q=AV 2ote
=.35 x4.2= .47 cubic feet per:;:end

or @: Ha.P.m.
I{ the essumptions are correct or mnearly correct, tlie above

results would indicate that the use of emplrical formulas will
ive results accurate enough for practical aepplications The re=

liability of these es.umptions, nowever, could be proven only

-l Seae



through experimentation with equipment not available at the

present time.
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PART III

It was mentioned preciously that a set of data was obtained

from the sewsge disposal plant in Jackson, Michigan. The fole
lowing data was recordedi '
* DEPTH OFf { PRESSURE } € Y Specific
[PRIALY WET WELLY TIME f(1lbs. per| PLOW ) § H20 Gravity
t (feet) ! (mins)! sq. in)* zal/minRrtisec)
/ 25 25 2 s90 299 0 /.0
2 L5 ./ /2 470 20/ 90 r0
3 2.5 20 /2 450 2 86 90 /.0
4 55 283 /2 s80 2449 g0 ”e
s 50 283 /3 7249 209 95 s.0/

Sinee tne pipe schedule was composed of both straight 8"

pipe and various fittings it was necessary to convert the fittings

to equivilant lengths of 8% pipe.

was svolved:

HEAD LOSS IN
QETAHTITY ITEM TLERMS OP

/ & '¥S” Peoveer - Ay

/ 6" Check Vo/ve .20

/ % x 8" x8Y 7€ 7,89

K4 Go° Bends VY -x-)
8 25° Fends 2,00
g 223%2° Zenas .50
Cy &~ Gore Yo/res /0.00

/ 8" chekh Volve .20
9 8~ x8”" 8" Tee 0. 90
/ a8’ Cross /, 60
7 =y loss L. 00
2709-r0" a” Ppe crarl

The following pipe schedile

Fige 12




The Wbove head losses give a total of 2144 g?t wnere
V is the velocity in an 8" pipe. Accordinzg to Fig. 114 in
Schoder end Pawson end using a catescory between falrly smooth and
rough the followling equivalent diameters of 8" pive wepe dee
termined.
{(a) For category betweon felrly smaoth and rough

21.949 x 37 = 799 cdiam.

(b) For category between rough and extremely rough
21.949 x 2 = 558 diam.

Therefore (a) is equivalent to 530 feet of 8" pipe and (b) is
equivelent to 372 feet of 8" pipe, For (&) a total of 530 4
720 @ 1250 feet willl be considered end for caterory (b) a
total of 372 & 20 4 1092 feoet will be considered,

the £88 pressure as measured by a monometer at the sludge
digestégh was 7,5 inches of waters The construction plane
indicated a static head of 7.22 feet from the diachurge sice of
the pump to the point of discharge in the digestors. The total
friotional hoad loss involved 1is 1aszar-%§'—1:2 whiech equsals
1485 feets, Since for category (a) the total equivalent length
of 8" pipe 18 1250 feet, the loss per 100 feet is E%%i,;pseﬁuf.
For eategory (b) the length of equivalent 8" pipe 1s 1092 feot‘

.85
waleh gives a loss per 100 feet of ;:;z_ : .ex feet .

It can readily be seen that the result of the Jackson ex-
periment dv rnot follwo the line of reasoniny set forth from the
results of other experimentorss In the first pla e the above

head losses are lower for a moisture content of 90% ss compared

—wl7 ew



to the head loss thaken from the curves In Figure 3 through
10« They should be witnin e range several times hi;her than

a moisture content of 94<. Another point to be considered is
that the moisture content for the first four trials remained
constant et 90% even gtthoush the flow decreased. Also the
pressure remained constantj however, the author is of the opilne
lon thaz the gau:e wes giving lncorrect readlngs, thereby cover=
ing up any fluctuations 1n pressure, According to the work of
other men, there sh.uld be a fluctuation in rressure since the
flow showed a decrease, Naturally 1f tie flow decreased there
should have been a graduasl decresse in moisture content, 4he
data obtained at Jackson most certainly doesn't zive a true
plcture of the head losses under the varying flows.

To obtain a clear plcture or.any head losses, a great many
observations should be taken at several different plants. ABJoO
& better metiocd ol determAning the rate of flow should be used,
such as & venture tube tmb® located on the discharge side of the
pumpe #“ny guages that are to be used should record accurate
pressure at any reading and should be altached to a short length
of rubver tublng to prevent clo ging. Any laboratory tests
thet are to e made sh.uuld be made 1f possible immediately
following the collectlion of the datas, %“he authorfirmly uelieves
that 1f precautions such as these are taken, errors introduced

could be kept at a minimum,
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PART IV

IT is tiie usual goal of a thesis to elther prove or dise
prove the theory behind a certain thiné?%aings. A practical
engineer in many cases, looks toward the person who attenpts
to seelk out the hildden facbs that cause a fluld such as sludge
to behave so differently under faried conditions. Such was the
intent of this t.esis. The conclusion to %e drswn e¢snnot be
vased on the proving or disproving of any certain phase of the
actions of the sludge, but rather on the general observations
of the work of éthers and to an extent, personal experimentatlion.

At a first glance, 1t would scem that the results recorded
bythe autior are of ro value at all, but it i1s believed that
even throuzh experiments thét fall, there 1is slways something
of value learned, In the author's case, 1t wes what to do,
should the cccasion everpresent 1tself, to allow for any errone
eous resultse To those who may cary on with tihls work, it must
be remembered that dependable equipment 1s a prerequisite to ace
curate results, It most certainly does rot take a detalled
k: owledge of fundamentals of the flow of water or sludze or even
their behavior, but rather equipment, time and ambition to analize
and formulate into a definite pattern the information supplied
by other investigators and personal experimentation.

The problem of the frictlonal head losses in the flow of
sludye 1s far from completione It 1s rot a problem to which
there is no answer, There 13:30ubt shat some day enough infor-
mation w'll be supplled to defirnitely set design standards. It
is deeply regretted tnat & job must be left partially finished

but to those who read this naper, 1t must be understood thst the



autioor hes attempted tu emvody the important facts, whlch are
avallaeble at the present time. Should 1t be that these facts
and experience are clearly understood then success and rot

fallure sunuall he the result,
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