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IMTRODUCTIOll 

Value of Ifodels aa Vlaual Aids 

In aiqr learning endeavor^ visual aids will generallsr facilitate 

a better understanding of the subject by the student. Of course, 

use of prototTpes will generally be more satisfactory] however, in 

soil and water studies, prototypes are seldom available for class-

roan utilization. Although pictures, charts, or other figiuvs are 

effective visual aids, they will rarely be as satisfactory as a model 

of the subject being disctissed. 

The proper use of suxiels is one of the most valuable assets 

available to the persons interested in teaching and resear^ or ex* 

perimsntation. The opecific uses of models are almost unlimited. 

Through visual observation by the student and through the law of 

similitude, which states that like configurations of causes produce 

like configurations of results, progress in both teaching and re 

search will advance much more rapidly when models are used.^^^ 

Importance of Structure in Teaching 

Probably one of the more difficult subjects for the student to 

coaprehend is that of fluid mechanics, or hydraulics, and its vari 

ous aspects, such as stream flow. Agricultural engineers intezwstsd 

in the proper control of agricultural water should be able to develop 

and to apply mere efficient te^iniqaes when equipped with a mon 

thorou^ understanding of the various aspects of stream flow. 
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Jullua Welabach is quotsd ss saying in ths prsfaes to his 

"ExpsriBsntal-Rydraiilik," 

Only by sssing sxperiBents perfonsed is it posslbls for 
a beginiMr to grmap correctly the aanifold hydraulic prin* 
ciples that eiqierisnee has establishedi to keep then in 
mind pemanentlyj and to fom correct opinions regarding 
then. Absolute exactness and clearness by means of large-
scale dmonstrations are of ̂ le greatest value in college 
and university instruction to back theoretioal explana 
tion. Actual denonstrations of converting pressure head 
into velocity head, and vice versa, of ths pr^}agation of 
eaves and fltiid notions aco<aqpanying then, of the phenonena 
of flow of water in flunes, discharges over weirs and 
through orifices, and the like, all serve to facilitate 
the nathenatioal tz*eataent of such problems and to imfaress 
all of it thoroughly on the mind.C^i Isic] 

Importance of Structure in Research 

In the field of research it is iiqnrobable that progress will 

be nade satisfactorily without the use of models and without adequate 

facilities for e;q>erimentation. "Only through experimentation can 

hydraulics be made a useful and serviceable science in everyday Ufe."^^^ 
Much experimental and researtih work renains to be dons in the 

field of agricultural water control. The trmendous amount of manpower 

and money being expended by such agencies as the United States Depart 

ment of Agriculture Agricultural Reseaztdi Service (ABS) and Soil Con 

servation Sezvioe (SOS) indicates the Importance that authorities place 

vqpon this subject. 

More research is needed in the design of effectual end practical 

water control structures, such as weirs, fluMs, and spillways. Due 

to the tlM and expense involved in experimental work with prototypes, 

a simple and economical method of construction and testing of models 

is desirable. 
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in D>part—nta of Agrlettltural Eaglnierlflg 

Many agrlouXttural engintaring departMnta aaad aora afficiant 

aeana of prasanting to tha atudant the aubjaot of fliiid flow* Ftartbar# 

(mly lialtad faellltiaa are arailabla to axaottta tha nany fdoaaaa of i«-

aaarch and axparleentation now challanging agricultural anglnaara in-

tarastad in fara watar problaaa. 

Agricultural Rasearcfa Sarrica Modal 

In ordar to mat aom of thaaa naada^ tha author bacana intaraatad 

in tha conatruction of a hydraulic danonatration channel for uaa by tha 

Uniraraity of Tmneaaaa Daparbmnt of Agricultural &tginaering* Bafinita 

intaraat bagan whcn» aa a mabar of a graduate olaaa in soil and watar 

control* ha Tiaitad the AHS Baaaar<di Station near Coahocton* Gbio* in 

October* 1958* Kara ha obaarrad a aloilar channel* which ia uaad in 

baaio raaaarch and in apacial training aehoola to teach newly employed 

SCS tachniciana tha principlea of fluid flow and to dmonatrata faaturaa 

of aiodala of watar control darieaa*^ A abort damonatration by Or. 

L. L. Harrold* pro^ot auparriaor at 'Uie atation* eonTlncad tha author 

that thia waa an inraluabXa taa(dilng and raaaaz>oh tool for aqyona in 

taraatad not only in agricultural watar control problem but alao in 

■any ^ama of teaching fluid mchanioa* ia daaign* or in raaaarch and 

in axparlaantation with hydraulic Bodala* 

Coat of Strocturaa 

0pon returning frcn thia iaapaction trip* Profaaaor Curtia H* 

Shalton* tha inatruetor of tha claaa* oorraapondad with Or. Harrold 



Flgujre 1* ARS model showing hydraulic Jump, 



 

regarding the poeeibility of purchasing such a deaenstratlon ehaimeX. 

Sttbsequent correspondence led to a price quotation of eighteen hundred 

dollars^ f*o*b* Vsysata^ Ninnesota*^^^ As this cost was prohibitire 
considering th» budget of the departnentf a decision was sade to eon-

struct a channel in the departMmt shcqi>s. It was estinated by the 

author that this channel could be constructed at approxlnately one-

third to one-half the quoted price* excluding labor. 

V .f 
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CHAPTER n 

OBJECTIVES 

Pttipof of Project 

Th« purpose of this pro>ot ves to design and to oonstruet n 

portable hydraullo deaonstratlon channel that could be used in the 

classz^n for teaching puiposes md in the laberatozy for research 

work. 

In this design and cimstractloa it vas necessarx to Incorporate 

elnplicitx of design and operation and to consider eeononx a najor 

factor. It was the deelre of the author and his adrlsors to Incor* 

porate features^ as far as practicable, that could be deslgnsd and 

constructed In the departaent shops. The principal reason for this 

was to keep the cost to thw departaent at a low figure. If this ob« 

Jectire could be aoooaqpllshed, it was belisTed that otfaar departaente 

or agencies haring need for such a aodel, but haring Halted budgets, 

would welcoae plans for construction and operation. 

Desirable Features 

It was desirable to Incorporate a nuaber of features into the 

design of this unltt 

1. a channel of sufficient capacity to gire a reasonable 

slaulatlon of streaa flowj 

2. provisions for both posltlTe and negatire slopes} 

3. e aethod of coBtroUlz^ velocity of water flowing 

through the channeli 
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it. a Mthod of eoixtrolliag qoantit/ of imtor flouiag ihroti^ 

tho chaniMl} 

5. a tailgata of adjuatabla haighii 

6. a rapid and aaay aothod of Inatailing and rfluoring 

stracturo aodalai 

7. adoquata aupport strength to inauro atoady flow condi 

tions without channal Tibrations} 

8. a relatiraly incqsanairo atructura whidi could be con-

atruotod by other groupa on a limited budgat| and 

9. aiiq>la oonatruetion methods which could be aocoaqtlishad 

in ahope of intaraatad achoola or a^noiea. 

Each of thaaa features, with its raapaetiTa prdblama and solutions, 

ia diaeuaaad nora in detail in Chapter ▼, which diacuasaa the functional 
raqxiiremanta. 

■V>;- ■ « ■. 
. I ' 



CaAPTBR III 

RBTZBtf OF UTSRilTUIS 

A. DEFINmOir OF A WIEL 

A WKlel MyIm defined aa a darica or a ayatam ao raXatad to 

a phTaieal ayataai, eallad tlia prototypal that obaarrationa on the nodal 

may ba uaad to pradiot aocurataly the parfomanee of the phyaieal aya-

ta« in the daairad raapact.^^^^ 

Modala are ordinarily uaad in atudiaa to obtain infonaatloa tiuit 

viU aid in tha daaign of tha prototypa. Althongh a "cut-and«try" 

mthod of daaign would ba axeaaairaly coatly in tha Ihll-acala ayatam« 

thia method ia ralatiraly ina3q)anaira in tha oonatruotion of modala. 

Limitationa of Modala 

It mnat ba raalisad, howarar, that modal atudiaa do not prorida 

eaay anawara to avary quaation. One muat undaratand tha baaic theory 

of tha phencManon that ha ia atudying before ha can intaxprat tha ra-

aulta of a modal teat. Tha adage "one teat ia worth a thouaand opinUna* 

ia true only if one raalizaa thaaa trutha.^^^ 

B. BISTORT OP ifoiosi.jmwwvmvs 

Although tha axtrama Importaxtoa of acala modala in hydraulic 

engineering daaign^ aa wall aa ia other fieIda^ ia generally acknowladgad 
and aecaptad, litUe Utaratura aziata on thia aubjact except In "tha 



fom of papors «catt«r«d through th« journals of the learned eoclatiea 

and the pages of the technical presa*"^^^ Because these papers are 
readily arallable to few persons interested in aodel studies, the need 

for further investigation and presentation of results in this field is 

erident. 

First Recorded Study 

The first recorded study of hydraulics was evidently that of two 

Italians, Leonardo da Tinci in the sixteenth century and Ouglielnini 

in the serenteenth century. However,^e first fundamental treatise 

on hydraulics was fomulated by M. Dihuat in his "Principes d^l^raulique 

et do Pyrodynamique, une Mouvelle Edition, Paris, 1816." Dubuat atteapted, 

and is credited with success, to bring into accord his own theoretical 

ideas and the results of his own carefully executed experiments. With 

out getting lost in abstract theories, he seemed to be able, in a mas 

terly way, to make excellent use of his Iheories in guiding his esperi-

msnts. Possibly most ijportant, he understood how to asseable the 

resvtlts of his experimsnts into a coiprehensive form from which he was 

able to derive rules and laws of permanent value, 

Dubuat, in the preface to his "Principes d*Hydranliqiies," justi 

fied his work and explained his reascming in words which are accepted 

even today, 

Ve always reascm correctly when we apply to a subject 
only such ideas as are inherent in the nattire of the thingi 
on the other hand, we cosnait all sorts of errors idienever, 
prejudiced, we try to draw conclusions before having rea 
soned, to reason before having acquired knowledge, or try 
to know before having investigated,(^) 
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Darcy-Welabach Realatanca Equation 

Although nuch of Dubuat'a uork haa baan outoodad by aubaaquent 

raaaarehy hla asqperlaanta and idaaa ralatlva to the raaiatanoa of ahipt 

in ehannala have baan of fundaaantaX aignlficanoa. The Qmrtum, Juliua 

Valabaeh|» in l^a alddle of tha ninataanth cantozy angagad in aladlar 

eoHprahanaira axpartaaiitaticm, one raaolt of ahich naa tha isq}ortant 

Darcy-Mairt)aoh raaiatanoa equation: 

"f"'IJi . 

Thii aquation waa alao foraolatad indapandantly about^aaia tiwa by 

tha FzvnolMan Darcy,^^^^^^ 
Carey, working with anothar Frwnehaaa, Baain, carried on both 

mall and large aoala axperiamta aapecially concamad with tha notion 

of water in atraana. Thay eomtructad a wooden fluaa for uaa aa a 

nodal of a riwar in idiioh to conduct their aaperinenta.^^^ 

Work by Fargua 

The firat inraatigation of a hydraalioa prdblm ariaing frm 

actual practice waa conducted by another Franohnan, Fargua, about 187$, 

Tha city of Bordeaux waa eonf^ntad with tha problen of inproving tha 

channel of tha river Qaronna* Ck>ntroTaray batwaan oppoaing faetiona 

aa to adviaability of dredging or ayatenatic regulation waa aattlad 

aa a reault of hia work. Building a nodal of tha porUon of tha river 

in quaation and conducting asq^erlnanta for a period of two yaara lad 

to the knowledge that drac^ing could be depended upon to give aatia-

faction only if done in comMcU.on with regulating works.(2) 

https://comMcU.on
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Woric by B>ynolda 

About I6d5 Profosaor Osboms RoTnolds continued this uorlc in 

England vben he built nodela of the Mereey estuary only one to tuo 

■etera in length* In proring that characteriatioa of the real eattiary 

oould be reproduced satisfactorily in the nodela, Reynolds was the 

first to introdtute the tine elensnt into such experinenta* Reynolda 

ia quoted by Latyg^aart 

£x{]erinsnting ui^ nodela aeena to afford a ready neana 
of inrestigating and detemining beforehand the effects of 
any propoaed estuary or haxbor vorhai a neana, after idiat 
X have seen, I should feel It nadiwas to negleot before 
entering upon any costly undertaking.(7) 

First Pexnanant River Hydraulics Laboratory 

Further work uas carried on by M, L* F* Vernon-Hareoturt in Eng 

land and Mengin-Lecreulx, a French engineer. Finally, in I898, the 

first penaanent river hydraulics laboratory was eatabliahed by Engels 

at the Technioal University of Xheaden, vhere he undertook ehperinenting 

with nodela on the nature and behavior of the flow of water ia natural 

water coutms. 

Early Prograaa in Ansrica 

Although quite extensive hydraulic reaearoh and nodal atudiea 

had been undertaken in Europe, very little progress had been nade ia 

Anerioa prior to 1900* Despite the fact that Ansrican rivers present 
som of the nost inportant hydraulic problens fovuad anywhere in the 
world, Freenan reports that even as late as 1929 not one river-flow 

laboratory eaiq>arable to those in Oemany was available in Ansrica* 



12 

This fact SMMd strangs baeause the eost asbitious reeearoh progrm 

on rlrer hydraulics ever attmq>ted aiqridiere In the eorld was begun by 

two young United States Aray engineers, tnielr work* reported in the 

"BeMsrohes on the Ft^slcs and Hydraulics of the Mississippi by Captain 

Humphreys and Lieutenant Abbott," was ineosplete because the War Between 

the States began. 

nreeman concluded that their work fell short largely beeauM 

l^y had no 

...laboratory In which they ootild work oizt the problems 
of the large rlrer by means of moctels, and in which they could 
control and rary the conditions affecting flow, one by one, 
and In vblch th^ could develop a better ourr«at mter.(3) 

Mew Bngland 3<diool of Etaglneers 

Possibly the first precise lar^ scale hydraulic-laboratory 

experimentation was begun, about 18U0, by what was called the New 

Sngland School at Lowell, Massachusetts. This work was carried on by 

fire ez^ineers in successioni Charles S. Storrow, Uriah Boyden, Jasws 

B. Fraztcls, Joseph P. Davis, and Hirma F. Mills. 

These engineers worked in each specialties as water-power de-

reloi»sent on the Merrlmac River at Lowell, relations of the measured 

mean velocity to the center-surface velocity as shown by carefully 

timed surface floats, discharge coefficients, weir discharges, and 

such (^ices as tuzblnes, orifices, and flumes. 

Because of tiieir extensive use of models over a wide range of 

dimensions, Freeman credits this group with a major contribution toward 

establishing the doctrine of hydraulic similitude. Because such 
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r«£LoiMmt of mthod characterlzod its laas of aedsXs snd its observations« 

tte Sew Bnglsnd School of engineers is fazther acknowledged never to 

have be<ui excelled in its degree of precision in i^draulic experlaenta-

tion.^^^ 

Contributions by United States O^artaent of Agriculture 

The United States Departaont of Agriculture (USCA) entered the 

field of hydraulic nodels about the first of this century. Its first 

publication, *The Flow of Water In Irrigation Channels,'' by Fred C, 

Scobey, was published in Kay, 1S>15, The Qidky and Kutter fomulas were 

used in arranging new data, and aeasuraasnts were auute of slope and dis* 

charge in a wide range of existing irrigaticm ditches and fliBBss in the 

West and Southwest. The valiws of C and a in the Qiesy and Kutter 

fomulas were determined for two hundred sixty different channels, 

nearly all of artificial construction and in practical use. Although 

these esperiasnts were in the field, they were called laboratory experi* 

aents because of the asthods and instruaents used, the skill of the ob 

server, and the wide variety of spedasns used. Freeaan cites this wozk 

as the aost valuable of its kind perforasd before 1929, the tiae of his 

writing. ^ 

Further work was conducted by Scobey and other US£A engtosers, 

including C, E, fiaaser, D. L. Taznall, and S. H. Woodward. Todsy, 

practically all engineering schools are conducting soae phase of by-

draulics or aodel ez^eriasnts or both. Msny of these aze woricing 

Jointly with tee USDA or soae other Federal agen<qr» A notable 

is the St. Anthony Falls Hydraulic Laboratozy of the Universi^ of 
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MiniMsota In Hlnnecqpolia^ whem «xtenaiv« rssearch and testing has taken 

place in agricultural hydraulic ia'oblsiB8« such as veir and spiUvay de 

sign and construction. 

Credit also goes to this laboratory for the design and construc 

tion of the hydraulic deMnstration channel seen by the author at the 

AHS, Coshoctonf CXii0| station. As no patent rights sere involred^ a 

set of vorldLng plans of this model mr* made available to the author. 

C. UWS QCfVERNINQ MOISBLS 

Whenerer the lavs goreming the action in the prototype are known, 

the lavs gofreming the relationship of model to prototype are derired 

trtM these known lavs. Should these laws be unknown or Indefinitely 

known, models can be used only qualitatively. 

Dimensional Groups Used 

Principles of dynamic similarity are gonierally used in corre 

lating the operation of, and results obtained from, models to proto 

types by use of BK>del laws. The most comnonly used relation^ips are 

expressed in the fozn of dimensionless groups which, by their numerical 

value, characterize the type of flow under consideration. Derivations 

of modal laws are based on the assnaptlon that for equal values of ths 

dimensicmal chazvioteristios the corresponding flow patterns in prototype 

and model are similar. Experimental results have verified these assump 

tions satisfactorily. 

In hydraulic experiMntation, three dimenslMiless gtovpa are most 
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2 ^ eoMBonly usedt the Froude nua^er (F •» the Reynolds ntnnber (R Si£). 
V^Lend the Weber nuaber (¥ - Thew are derlred, respectlTsly, fro* 

a consideration of the forces of gravityf riscosity, and surface tension* 

in conjunction with the resisting force of inertia. 

In the abore paragraph* the following terms apply to the syi^ols 

7 «• a characteristic Telocity of the system 

L•a characteristic linear dimension 

g acceleration of grarity 

•fluid density 

• yC - fluid riscosity 

"fluid surface tension. 

Farottde's Law 

Froude'8 law indicates the similarity of gravity and inertial 

forces in the model and prototype. When f!roude's nusber in the model 

is the same as that in the prototype* the ratio of gravity forces to 

inertial forces is the sane* and the paths of flow are similar. This 

law assumes that neither viscosity nor surface tension has any appreci 

able influeiwe on the phenoaiena under inrestigation. 

Reynolds' Mumber 

Reynolds' nusber states the condition under which the ratios of 

viscous forces to inertial forces are the same. If Reynolds' nuibers 

in model and prototype are eqoal* flow is similar in both when viscosity 
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•nd inorl^lA arw ̂ h0 prcdoniiiaQ^ rorccB* SAjniolds* Ini assuMS Irhatf 

naithar gravity nor aurfaee tanalon appreciably affeeta the flow. 

Weber*a Niiaber 

Weber*a nnaber expreaaea equality of the ratioa of aurfaoe teo-

aion to inertial forcea in nodal and pirototjrpe* aaauning that gravity 
and viacoaity forcea are negligible. Iflow pattema are ainilar in 

nodal and prototype for eqpal Weber*a nuid>era when aurfaee tenaion ia 

the controlling factor. 

vv: n 



CHAPTER IV 

FACILITIES AVAIUBLE 

pointed out in (^Mptw U tiliat a priaary ob^otiTa of 

this project was to dcsvlop a structure which could be easily dupli 

cated by other schools or agencies. 

Construction Facilities Retpir^d 

Rslatirely flaw facilities^ all of idiich were arailable in the 

Unirersity of Tennessee Sspartaent of Agricultural Engineering shops« 
were required to construct this project. Tools and equipwnt for 

such processes as cutting, drilling, and welding netal would prob 

ably be found in shops of any organisation desiring to undertalw con 

struction. 

There axe a few j(Aj8 iliich might be aocoqplished more effici 

ently by contract with a machine shop. These include such procedures 

as dadoing the plexiglass stream walls, constructing the screw — 

for channel slope adjustment, and machining parts of the headgate and 
tailgate control mechanisms. 

Operation Facilities Required 

(*>eration also requires few facilities. Only a water source, 
an electrical power source, and small floor space are needed. As the 

structure is mounted on casters for nobility, the space required for 
classroom or research work can be easily vaoated when the channel is 
not in use. 



 �

CHAPTER T 

SESIQM OF MODBL 
f 

A. FOHCTIONAL REQUBEHEMTS 

Iftthoda of obtaining oomploto oontrol of tho Tariablo factors 

affecting water flow had to be obtained in order to nake proper wee 

of this chaiBMl in teaohing. Likewise^ in research, each factor had 

to be controlled coa^letely and independently of all others. There 

fore, these conditions neoessltated prorisions for establishing the -

desired slope, both pMitire and negative, the quantity of water flow 

ing throng the channel, the veloolty of water flowing, and a tailgate 

of adjustable Iwight to serre as a water retention wall or dan. 

A nuid>er of satisfactory derioes for controlling each of the 

above factors could have been incorporated into the nodel. Possibly 

other asthods would have been equal to or better than those chosen by 

the author. As was nenbioned earlier, however, sinqjUcity and ecenony 

were to be nalntained at all tines. Plans of the ARS nodel were available 

as a gui(to but could not be followed closely because of the desire fw 

eoonony and because of the decision to nake a larger channel. For yy-

s^ple, it was nore econonioal to construct a rectangular tank wi«i 

notor and piaqt than a trapesoidal tank with enclosed notor and puaq>. 

In the fbllowing sections the author presents a brief dlsousslon 

of procedures for constructing the various parts of Uie project. Fhoto-

graidw of stages of construction appear at the end of the chapter. 
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Ch«na»l Capaoity 

With a vidth of aix incboa and dopth of ttiolTo Inctea, tho ARS 

channol «as daoMd rathar anall for aatiafaotory eonatruetion and \uia 

of aodala within tho ohanaal. Howarar, thia width poaaihly would be 

if the channel were to be uaed for obaerration or tea<Mag 

of fluid flow only* 

A deciaion waa reaohed to nake thia channel twelve inchea wide« 

eighteen imshea deep, and eight feet long. Thia wider channel ahould 

provide for better obaervation of flow peat nodal atructurea after the 

paaaageway ia conatricted with atruettaral aateriala and after allowanoea 

are nade for effects of boundary conditiona. 

Tank 

The capacity of the channel, including the intake and diaoharge 

hoaea, would be approxi»tely one hundred fifteen gaUona when full. 

allow a safe nargln, the tank waa deaignwd for a capacity of apprcaci* 

nately one hundred fifty gallonei fortyweight inchea long, twenty-four 

inchea high, and thirty inchea wide. A ainple construction plan, aa 

shown in the drawings (see Appendix), using angle iron frane with iriieet 

■etal tank waa oonaiderad the neat practical nathod. Drawings of najor 
coaqpcmenta and a schedule of parts ^^pear in the Appendix. 

Base frmm 

The tank tram waa lengthened to provide a Mounting tram tw 
the puap and notor. Also attached to the tank frane were thxwe screw 

Jack devices prlnarily to be uaed for leveling. However, they also 
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take 0OIM of tho weight fron the eaetezM and aezre a« brakes to prereat 

rolling. These ^aeks were constructed with one-inch bolts, head down, 

and nuts welded to the frame. Another nut was then welded to the upper 

end of each bolt, and a oross am was welded to each nut for turning. 

Pump and Meter 

Caleulations showed that a pmp with a oapaeity of three hundred 

gallons per mimite was required. This was exactly terse times tee pump 

eapaeity used on ths ASS model, which had a channel capacity of only 

one-third teat of this structure. A pusq} of teis capacity necessitated 

a fire horsepower motor, according to the puaq> manufacturer's specifi 

cations. 

A Qardner-Denrer Type B centrifugal p«aq> with capacity of three 

hundred gallons per minute at forty feet head was purteased. Although 

Tarious other pumps would hare been satisfactory, teis one was chosen 

for two main masonst a satisfactozy electric motor was already on 

haiMi to woi^ with this type of puaq}, attd this motor would not work 

with any of the built-together units, teich consequently could not be 

considered. 

Channel Support and Slope Adjustment 

Numerous methods of mounting tee channel abore the tank were 

otmsidered. Itot only was necessary strength for supporting the channel 

required, but also means of adjusting channel slope had to be inoor-

porated into this support. 
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First consldsrstion vas given to « single pivot support with a 

worn gear arrangesMixt sinilar to that used in the ASS structure. This 

idea was eUninated, however^ because it would have required the pur 

chase of aore costly pairts* such as worn gear and sector, than sone 

other nsthods. Sonetias after deciding against a single support, the 

author reeeived a letter from Ared W. Blaisdell, Project Supervisor 

at the St. Anthony Falls Lsboratoxjf stating that the laboratory had 

realized the necessity of two supports to insure a steadier channel. 

Sone type of soissors jack was next considered as a aeans of 

controlling channel slope. This was soon agreed upon by the authmr 

and his advisor as probably the most sinple and econonioal sethed. 

Proper locatiem of this jack then had to be detemined. Had the jack 
been located at one end of tlM channel with the other end as a pirot, 
the elevation range would have been over thirty-three inches, which was 

considered quite unreasonable. 

Another possibility consisted of an arrangsnent of two jacks, 

one at each end of the channel with a pivot support in the center* 

This was quickly abandoned beesnse of the difficulty involved in 

arranging the two to work together. 

Finally the decision was nade to use the method shown in the 

drawings, a pivot point twenty-four incdies fros one end and a Jack in 
stalled twenty-four inches from the other end. This required a —*<—1 

elevation difference of nearly seventeen inches to provide a slope range 
from plus ten degrees to minus tea degrees. An investigation at local 

automotive supply houses revealed no scissors jacks with an adequate 

elevation rangei thmrefore, one was designed and built as shown. 
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Qi*bimi1 Dailgn 

Design of the ehsnnA was not eoiqplleeted. Consideration vas 

first given to use of a T-bea» placed on its side to support not only 

the nain channel floor but also both auiin channel and sub-channel ualls* 

Angle iron would then be used to support the sub-channel floor and to 

attach 'tee floor to its wall* However^ it was later concluded that the 

neteod finally chosen required less natal and less welding. 

Channel ends of sheet steel were attached to tee channel by use 

of angle irons welded in a position vertical to each comer of the 

channel* 

liephasis nust be placed on the iBg>ortanoe of tee extreM care 

required in tee welding daring the fabrication of the channel* Unless 

proper precautions had been taken^ the heat of welding would have ovused 

excessive warping of parts» creating quite undesirable construction con 

ditions* 

Headgate and Tailgate 

Headgate and tailgate design rather closely followed those of 

the ARS nodel with the headgate pivoting on its center axis and the 

tailgate pivoting at the botten* Aluniniua gates and brass shafts were 

used to reduce the possibility of rust. 

Slope Indicator 

A slope indicator consisting of an ordinazy carpenter's level 

with attached vernier was considered* However, this idea was eliminated 

as the calibration would have been rather difficult* The asthod chosen. 
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th« uM of two transparont tuboa elai^pod Tortieally to tho ehamoX 

aides, was aiaiple and lne:qHniaiTe» These two tdbes were then connected 

by a flexible rubber hose through which the colored fluid could pass* 

(Vater with any coloring added to pexwdt clearer risibility is reooa-

nended as suitable fluid.} Qraduatioxss as shown in the drawings indi-

oated the channel slope, ranging Aron positire ten degrees to negatire 

ten degrees. 

Model Installation 

Serious consideration was giren to dt^licating the mthod used 

in the ifiS ohannel<->use of screws into the channel botton. However, 

due to the desire to elisiinate totally any conditions whi^ night affeot 

flow patterns undesirably, a design req\iiring no acnv holes or screw 

heads was preferred. 

It was further desired to place a plexiglass or a sinilar smooth 

naterial on the cdxannel floor to giro smoother flow. Therefore, the 

decision was reached to hare two pieces ef one-fburth inch thick plexi 

glass installed. One end of each piece was placed even with a 

end and the pieces extended to within one-eighth inch of the aiddle of 

the channel, leaving a spaoe woe-fourth inch wide and one-fourth inch 

deep, into which the lower extremity of any model could be inserted. 

It was assumed that one-fourth inch plexiglass would be satisfactory 

for model construction. Vhen models are not in use, a scjuare strip ef 

plexiglass luy be inserted into this space to give a continuous surface. 

Additional support of the models is provided by the tise of brackets 

olasqped to the upper channel side rails. These are <{uickly and easily 
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Installed car zwnoved hjuse of set screws. These brackets, along with 

the upper channel frame, will also facilitate the use of rarious ds* 

rices sutih as flow meters hjproriding a ready nethed of attaidiiag the 

dk^oes at any point along the channel. 

Cost of Structure 

Materials. Most of the materials for this structure were pur 

chased frMi bttsinees ooncems in Kncocrille, Tennessee, at prices shown 

in the Ai^ndiz. Howerer, some items were on hand in the Ih^rersity 

of Tennessee Department of AgrLoultural ̂ imering. to all sudi items, 

price quotations were obtained from dealers and used in determining 

total cost of ^e structure. The cost of welding rods, electricity, 

and a few miscellaneous email pieces of metal is not included in tbtffo 

calculations. 

Total cost of materials as Aown in the Appendix amounted to 

$721.22. With a liberal allowance for the items mentioned above, total 

cost would be approximately $750.00. 

No accurate record of total time spent on this project 

was kept. Howerer, such a record would be rather raluelMs as it would 

not be a true account of time required. Much time was spent in trial 

and error efforts no longer neoessazy. A builder following directly 

the plans giren in the Appendix ef this thesis can now prepare and f^-

ricate parts easily. 

^suming the builder to be reasonably proficient in metal work 

and the use of plexiglass, the author estimates a time re<piireawnt of 
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iq;)praxlaat«ly two hundrwd hoiirs to roprodoeo tho otruotaro* Moro tloo 

■Guit noooaMorlXjr bo allowod If ohc^ eondltlons are inforlor. 

An ootiaation of tl8M roquirod to conatruct tho rarious parts 

of tho structure is as follows t 

Baso frano assoiibly 35 hours 

Tank and tank fraao 20 hours 

Mounting pu^p, notor, and Intako 5 hours 

Jack Moehanlni 15 hours 

PiTot mdisiiisM 5 hours 

Channol tram, walls, floors, and onds 35 hours 

Proparo and Install ploxlglass 25 hours 

25 hours 

Tailgate 25 hours 

Slope Indloster 5 hours 

Gate ▼alvo, pipes, and hoso 5 hours 
Total 200 hoiurs 
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Figure 2, Rase assenfcly with tank, purep, and motor. Front side. 
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Figure 9* Front side showing tailgate and tailgate control 
gears and channel pivot. 



CHAPTER VI 

CALiaiATIOll 

Fiinctlonal B»qalrwni« 

Anj eallbratlon of flow should prorlds asszis of masurjUog both 

quantity of flow and Telocity of flow. Each of these aeasureiMnts 

should be easily aade and should be nade completely independently of 

each o^r as desired* 

llMse requlroeents hare not yet been cos^lotely met. (See 

Chapter IX on reee«endations for farther work.) Sons type of flow 

aster—renturiy orifice« or elbow—could be Installed to be used as a 

satisfactory measuring derice* Use of such derices as weirs placed in 

the channel for measureaont nocessitates the addition of stilling well 

and hook gages to obtain reasonable aecuracy. 

Quantity of Flow 

The only oalibratien performed on ̂ is channel inrobred the use 

of a three-inch National Meter Coiq>aBiy flow meter installed between the 

gate Talre and t)wi chaimel entry idiile the channel was in a lerel posi 

tion. About fire readings were taken at each of four different gate 

Talve openings! one-fourth open^ ono'^alf open« three-fourths epen^ 

and completely open. Measurmeents were taken in cubic feet per minute. 

ATerage Talues of these readings hare been conrerted to gallons per 

minute in the following table. 

- —''I U 
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TAHS Z 

FLCW RAZES WITH VABIXIB VALVE OFGNllKIS 

lA 21.0 157.0 

1/2 29.2 216.U ^ 

3A . 30.1 225.1 

Opan 30.6 228.9 

Velocity of Flan 

Mo calibraticm on Toloclty of Aov waa perfomtacl by tha authoPi 

It la rao<»Biandad that thla ba dona at rarioua haadgata opaniaga vhan 

a aatiafactory flow natar haa baan providad. 
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Figure 10* Qiannel in noraal operation. 
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CHAPTER Vn 

APPLICATIONS TO TBACHING AND RESEARCH 

IhtrodactlCTn 

It would be TlrtueUy la^eible to Ilet all the potential uses 

of l^le deeionetration channel, ProbleM will continue to ariee which, 

after a prellninary analysis, could be solved when eubnitted to nodel 

tests. Also,^author realises that the channel, having certain 

linitations, cannot be an answer to every problen confronted, Therso 

fore, it m»t be e^;>haeised that this discussion is only a presentation 

of eoBie possible uses. 

In this chapter, a listing of some possible uses of the model 

in both teaching and research is first presented. Following this, the 

author presents three exaaqoleet one a teaching demonstration, one a 

laboratory problesi,and one a research project, Saeh of ittieee could be 

used as presented or could be modified readily as desired. 

Outline of Possible Uses In Teaohlng and Research 

A, Teaohlng* 

I, Hydrostatics 

1, Unit pressure 

2. Variation of pressure intensity with 
respect to elevation or depth 

well as benefittiiag the professional agricultural engineering
^\wlent, any of theee demonstrations could be valuable in teaching ser-
yioe eom^s for the general agriculture etudent with no toehnioal know-
lodge of fluid moohanloe. 
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Figurs XI* Channel in operation with small hydraulic jun^* 
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3* Differential presaaras 

4* Bnejanea 

5* Uae of nanometero 

6. Plow net pattoma 

a* Sffeota of obatruetiona in cimaala 

ZX« Fttndanentala of water flow 

1* fjiBilwar flow 

2. Tnrbttlent flow 

3* Dalforw How 

!)• Non>unifozat flow 

5* Continoity of Hew 

6. Energy and head (Bemoolll the«r<Mi) 

7• Bydraulio gradient 

8» Bnergy gradient 

9* Slope-velocity relatlonahipa 

10» Velocity aeaauroBonta 

11. Haaisnrement of power and kinetic energy 

12* Uae offlow aetera 

XIX* Open-channel flow 

1* Steady and nnateady flow 

2* Elementa of croaa-aeotiona 
(Uae of Manning's fomula) 

3* Critical flow 

^* I^raulic 3aap 

5. Ronghneaa ooefflcionta 

a. Effecta of vegetation 
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b« Effects of obstructions in channels 
(Flow net patterns) 

6* Critioal velocity (Surges) 

I?, Pipe flow* 

!• Friction losses 

£• Other losses 

s. Entrance 

b. Enlargmsent 

0. Contraction 

d. Qbstruotlcn 

e. Brad 

3* Roughness coefficients 

T• Orifioe flow 

1. Entrance -rersus jet Telooities 

TI. Veir flow 

1* Types of weirs 

a. SolMmrged and overflow 

b. Effoots of Tontilated and uarenUlatod 
nappes 

o. Velocity of approadi 

d. iDisoharge coefficient 

2. Chutes 

3* ^iUways 

*.Use of the channel in pipe flow discussions would nsoessitate 
«ie Ijjstallation of pipes within the channel. This could be readily-
done by mounting the desired pipe throu^ a hole in a wall placed 
across the stream in the model installation derioes. 
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?II. Othw 

!• 0«n(»r«l uM of mdela 

2. S«8»f to iUiuitrato vucb iteaa «• flood 
routing 

3, Uso of Hom mtoro, pitot tttb«t> and othar 
instrunonta alliod with ot^ar aubjeota 

B. Raaaarch 

I* Daaign of agricultural watar control atz^turaa 

1. Waira, flunaa, epilluayaf cfautaa# 

2, Varloua aiaaa, ahapoa« alepaa, heighta, 
aproni/. and baffle aise and loeatLon, ato* 

II. Calculation of rouf^toaaa ooafflclenta fbr 
rarioua aurfaeaa 

1. Effaeta of ragatation 

in. Silt or aadlnantatlen atudiaa 

IV• Calculation cr aaaaureMnt of friction loaaaa 

1. In pipaa (Uaa Darcgr-Maiabacb raaiatanca 

(h, - hp) 2Dg
aquationI f ^ } 

2. In open ehannala (Uaa altamatira ibra of 

(h- - h«) 8Rg
Darcy-Waiabaoh aquationi f ^ ^ ) 

IV^ 

A Teaching Paaonatrationi To Shou How the 
cynnel ftodai my Be V—d tn j^eaaniigT" 
uanonatration o^ttia ftranaltion froMTkTn,> 
to Turbulent Flow 

Raynolda Daaonatratiant iiban a carUln critioal Raynolda naibar 

ia axoaadad, laminar flow raaebaa auch a atata of unatabla aquilibriun 
that a particular fraquaney range of a local diaturbanca producaa the 
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haphazard Moondaiy notion called tnrhulenca. About eeranty yean ago 

Reynolda danonatratod this phencaittaon by owans of the tank« dye in^c-

tor, and transparent glass tube shown sohenatically in Figure 12.^^^^ 
This apparatus could quite easily be installed in this <diannel and used 

as a elasMreen demMutration. 

Procedure. The general proeedure for presenting this deaonstra-

tion is as foUouai 

Allow the water to flow in the chazunel at a sufficiently low 

rate to insure laoiinar flow conditions. Qpen the tsIto on the in«* 

>ctor to inject a filanent of dyo into the bell inlet. Gbserre that 

this filament extends the entire length of the glass tdbe without no 

ticeable diffusion. This condition indicates oonpletely laadLnar flow. 

Gradually increase the flow rate and obserre that the filaaMBt 

begins to warer. This condition indicates a borderline between laaiF'T 

flow and turbulence. Mote that a further gradual increase in flow rate 

causes the dye filanent to disintegrate erentually at sow intermediate 

section, beyond idiich the dye spreads rapidly orer the entire tube cross-

section. This condition indicates tuzbulent flow.^^^ 

A Laboratory I¥oblem» To Calculate the Rate of 
jplow Over a Submerged flharp-crested Weir 

Ills. Problem. A sharp-crested weir shall be installed in the 

bottom of the channel and water allowed to flow orer it at rarious 

rates. After measuremnts are made of weir width, weir height, and 

piesonetrio head, rate of flow may be oalculated. The weir must spaa 

the channel entirely, and tlw space under the weir nappe must be renti-

lated to obtain accuracy of measuremmts.^^^ 
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Bquatlona Used. Although not entirol/ «courut«» but luffloiently 

Accurate for aoceptanoey the IblloHing equatlone najr be uaedt^^^^ 

"" * 0.075^ (Equation 1) 

Q• (2/3) ̂ /Sg" (Equation 2) 

equatiena 

h•pieaonetric head 

«•veir height 

Cj•coefficient of diecharge 

g•acceleration ef grarity 

L vldth of veir 

Q rate of floN^ exibio feet per eecond 

Procedure. Neaaure accurately the weir height and width. Inatall 

hook gagea within the ̂ annel for aeaaurenent of water deptha. 

8tea(^ flow at a lew rate and nake hook gage reading. Subtract weir 

height from thia reading to determine pieasmotric head value* 

Calculate the diecharge coefficient by the uao of equation one. 

Haing thia value, calculate quantity of flow by uae of equation two. 

Iteke aeveral replicationa to inaure accuracy. 

Bepeat the procedure for varioua flow ratea. 

A Raaearch Problemt To Ceaign an Energy 
Diaaipation Stiructure 

SJi Structurea. Thia aaggeatod problem could include more 

than one type of atrueture. Surti enesrgy diaaipatera for agricultural 

water aa weirs, dkntos, flumea, and apiUweya all give the reaearchHainded 
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opportunity for inrestigotion. Sot only oould Torious orrongOMnta 

of one typo» such as spiUwaTB, bo oxperiawntod upon* but also conparl-

sons botuoon two typos night bo worthitfiile. 

Linitations of This Pro.1oot. It nust bo pointod out that axy 

data gathorod on this typo of ojqperlnent wUl bo qualitatlTo, not quan-

titatlTo. Conpairlsons or rolatiro raluos (A>talnod should prorido a 

roasonably accurato conclusion. Howoror* duo to Halting conditions* 

such as oxtronoly short ehanndl longth ocnparod to Its width* It will 

bo impossible to obtain accurato Taluos. It is tho author's bollof* 

hflwovor* that aany worthidillo oonparlsons can bo nado with this typo 

of rosoarch. 

Functional RoqulrBaents. In tho design of tho structures aon-

tlonod aboro* two basic functional roqulznnonto nust bo nott (1)tho 

structures nust haro sufficient capacity to pass tho desl^i discharge* 
and (2) the Idaotlc energy of tho discharge nust bo dissipated within 
tho confines of tho structure In a sMnxwr and to a degree ̂ at will 

protect the structure as well as the downstroan channel fron danago. 

Pyoblon. To Illustrate how the channel Mqr be used for 

rosoarch purposes* an oxoaplo will be proaonted using the design of a 

rectangular spillway as the problen. Heworer* the sane general approach 
would apply to other types of structures prerloualy nentloned. 

Design sereral spillways with various conblnatlona of dlnenslons. 
Alter only one variable at a tine. For ezanplo* with all other dlnen> 
slons held constant* various apron lengths or various baffle arrange-
nents—nuifeor* also* shape* or poslUons—can bo ozporlnsotod with. 
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AUoh iiat«r to flow orer osch atructure at varLoua rataa, 

Rasxxlta. Kaka dbaarvatlozia of flov orar eaoh structura to ob* 

tala a ooapariaon of aaargjr loaa with aaoh. CataziBlna which daaign 

produoaa tha laaat torbulanea balow tha atructura. 

If daairadf soil or aand ns^ ba plaead in tba ehannoX ioBadi-

ataly balow tha apron* A trap miat then ba inatailed to eateh thia 

•atarial during aaah run, after which the aoil will ba weighed* Thia 

teat will gira a raaaonhbly accurate indication of degree of aoouring 

for each structura. 

Prototjrpa atructuraa nay not giro exactly tha aaaa raaulta at 

thaaa aodala* Umnfr, raaulta of nodal taata and prototype teata 

ahould ba ainilar* 



CHAPTBR Vni 

SmtUHT AHD CONCZ^IC^ 

An attMipt hM bt0B mide in this jxrej^et to design «Bd to con> 

struct a sstlsfsotozy hydraulic domoatration (dUtmsl for nss in 

tsaohing and rsasaroh. A hydraulic dosonstration ehoinsl sight fsst 

lengf twslTs in^ss wids^ and sightssn inohos dssp with a puap capacity 

of thsnss hundrsd gallons par ninnts has bssn constructsd* This ohant^i 

can bs ussd for ths sffsotiirs tsaohing of practically any ef 

slsasntary fluid MOhanics and nany aspects of strssn flow, Althou^ 

nost results will bs qualitatirs rather than quantltatiTSy uses in rs« 

ssareh are unlinitsd. Howsnrsr, before the ohannsl can be Iblly tttilised, 

its calibration is neoessary. As a result of sons eiqjerienoes encountered 

in construction of ths aodely som design changes are suggested in 

Chapter XI, 

It has been the author's purpose to nake a sijqole eeonoad.cal 

design that could be di^ilicated by other agencies operating with a 

linited budget and could be constructed by seal-skilled workers. The 

objeotives discussed in Chapter II hare be«a reasonably well fulfilled, 

Siqilicity^ one of the aajor c^JectiYes, has been naintained by use of 

few parts which oannot be fabricated in shops of such agencies as uni-

▼ersity depar^nts of agricultural engineezing, Sconoay# the second 
aajor objectlTs, has also been naintained, Exclusire of labor, the 
total cost of this project was about seren hundred fifty dollars, in* 
eluding labor, total cost is estiaated at aj^roziaately cms thousand 



dollars. The nanufaoturer of the AfiS aodelf which is considerably 

swAller than the one dOToloped in this projeot> <iaQted a price of 

error eightoea hmidrod dollars plus freight. Therefore, the author con 

cludes that the aodel reported in this aaauscript has the adrantage 

of greater ci^acity plus a sarings of orer eight hundred dollars. 

i., 

w.'• , 

■' . '/y '' 

Mr 

'rr ifr- . ^ 
''' iMeta-rri I ' ' i ' ii.7;' K .1 Iffn jr." "i I ifi 



CHAPTER n 

RBCQ»(ENDATI0N3 

Dealgn Alteratlona 

The author realixea that certain features in this design 

eould be iiq>rored« Coastruetion difficulties indicated certain in 

adequacies that should be corrected. Therefore, the following ohangee, 

not nseessarily listed in order of ieportanoe, are suggestedt 

1. Thinner aetal could be used in the channel. The 

three-sixteenths inch sub-channel walls could be 

reduced to a thickness of fire-thirtj-seeonds inch. 

2. An additional two feet of channel length would inprore 

the use of the channel in presenting strean flow. Also, 

placing this extra length on the tail end would proride 

additional counter-weight to naks jacking easier. 

3* The jack should be placed under the channel center-line 

rather than to one side. This could be accomplished by 

Moving ttM pua^p and motor farther to one side and moring 

the channel farther to the other side. 

U. A small drain plug should be installed in the slope 

indicator tiibe to facilitate drainage when necessary. 

5. A drain plug should be Installed in the sub-<diannel to 

allow complete drainage when necessary. Removal of the 

hose is the only method {urovided at present. 
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6« A 8tllling-««ll and hook-gaga ■eohanian should ba Installad 

to faoilitata flow awasuraBsnt b/ usa of wain or irtMliar 

darioas. 

7* Placing rubbar strips on tha sidas of both gatas would 

alialnata laakaga around tha gatas and gira battar control 

of watar flow. 

8. A baffla should ba placad in tha tank bstwaan tha inlat 

and tha discharga to raduca tbs quantity of air pumped 

into the channal. 

Future Study 

Tha author racoanands that further study ba pursuad in ai^ of 
tha rasearoh areas nsntiflaad in Chapter TII. It saaas ta tha author 

that any one of tiMse subjeots would ba an axoallant pirojact for a 
grafts student*a rasaareh work. 

Probably tha first woric that should ba dona is calibration. 

Satisfactoxy calibrations of quantity of flow and relooity of flow 
are naoassary before axtensiTO raseardi work is begun. 

.. 
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COST SUMttHX 

Item Quantity Dinwiaiens Cost 

Plexiglass 2 sheets 1/2"*18" X 96" 89U.09 

Plwciglass 1 sheet lA" X 12" X it3 7/8" 7.1i9 

Plexiglass 1 sheet lA"* 12" X 31 7/8" 5.k5 

Angle iron ho* lA"*2" X 2" lit.28 

Sheet steel 2 sheets 16 gauge X Jb* X 8* 17.68 

Steel plate 1 sheet 3A" X 12" X 2lt" 3.56 

Steel plate 1 sheet 10 gange x 2li" x 21{" 2.51 

Steel plate 1 piece lA" X 12" X 20* 3hM 

Steel plate 1 piece 3/8" X 1»" X 20' I6.1t3 

Steel plate 1 piece 3A" X 2" X 20' 5.72 

Piaq> 1 li" intake, 3" dis 
charge 300 gpn m.5o 

Electric aotor 1 5 Hp, 230 volts, 
60 cycle, 1760 
Bpm 122.36* 

Casters 2 6" svivel, rubber 
base, Bassiok 
#H6999-2 18.91* 

Casters 6" svivel, rubber 
base, Bassick 
#H6999-2 37.08* 

Gate ralre 1 3" iTeiikias #325 55.10 

Th«i« it«mB v«re not purchaaad but vere in stock in shops of 
OhiTorsity of Tsnnsssss Departosnt of Agricidtural Bnginssring. Prless 
shoMn are those quoted by local dealers. 
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Itm 

Pi|>e flangaa 

Pipa flanfM 

Pipe flanges 

Pipe elliOH 

Pipe elboN 

Pipe elbov 

Pipe nipple 

Pipe nipple 

Pipe nipple 

Pipe nipples 

Pipe 

Pipe 

Gasket aaterial 

Vozsi gear 

Voni gear 

Vom 

Vom 

Thrust washers 

Thrust washers 

COST SUiaiARr (eoiitiixa*d} 

Quantity Oinozisiona Coat 

1 6" eoanpanien t 

2 U" ooiq>anlon 7.10 

2 3" eonpanion lt,87 

6''-60® 12.32 

S"-?©® 3.68 

*3> 1.37 

li" *8" 2.96 

U" X y 1.57 

3" X 3- 2.65 

6" X 18" 5,31 

3" X 17- 1.86 

lb. 1/8" 2.16 

Boston Catalog #Q105l 5.85 

Boston Catalog #0106l 6.80 

Boston Catalog #0H1056 2.38 

Boston Catalog #Oiao66 3.87 

Brottse, I.D. 5/8", 
O.D. 1 3A6'', 
Thickness 3/32" 2.1^0 

Bronse, I.D. l/2"» 
O.D. 1", Thick-
ness IA6" 1.18 
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coat £VMM(LEr (continosd) 

Qaantlty Cinensions Ce«t 

Machine screws 1 gzvss 10-21i*1/2", R.H. 8 1.50 

Machine screws 1 gross 10-2U X 3A", R.H. 1.05 

Weathemtrip sealer 50• "Shur-Stik" 5/32'« 
X 1/2" 2.7li 

Packing 2 pkgs. Valre stea packing 0.50 

Plastic tiibing 6* Tennlte II Butyrate, 
colorless trans 
parent, I.D, 1/2", 
O.D. 5/8" 2.52 

Rubber hose 2» I.D. 5/8" 0.32 

Rubber hose k* I.D. 3" 10.32 

Hose elaaps h 3" adjustable 2.kQ 

Hose ela!^»s 2 5/8" adjustable 0.60 

Ifuts 2 1", left hand thread 0.70 

Mats 2 1", right hand thread 0.70 

Sthylene dichleride 1 qt. 2.50 

Plastic oeisent 1 pt. Acryloid B-7 1.75 

Miscellaneous (boltsj washers, cotter pins, keys, etc.) 5.00 

Total 8721.22 
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$(mCOLB OF mss 

Part KuB^er Drawing 
NinA>«r PaicrlptloB Raqulrad Siaat Material 

BASB ASSBMBLXt 

1 FnoM linA)«r^ Sidaa 2 16 Steel 

2 frmm itulbmr. Cross 3 16 Steel 

3 Caster Mounting Plate 6 16 Steel 

ii Casters 6 eeee Rubber-tired 

5 Bolts« Lsrelixigf with Nuts 3 16 Steel 

6 Mots, with Cross Arm 3 16 Steel 

7 Aram, Leveling Stand 1 16 Steel 

POHP, MGTCR 

8 PuMp 1 3 

9 Motor 1 3 — 

10 Si^iport Plate 1 3 Steel 

11 Cross-M8ad>ers 2 16 Steel 

TANK) 

12 FTam MndMir, Upri^t ll 1 Steel 

13 Frcm Mnber, Sides 2 1 Steel 

lU Fram MertMHr, Ends 2 1 Steel 

15 Sides and Botton 1 2 Steel 

16 End, with Punp Hole 1 2 Steel 

17 End, Plain 1 2 Steel 

18 Gate Falre 1 
— ~ 
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SCHBDULB OF PARTS (continued) 

Part Nunber Drawing 
Nuxber Deacription Required Sheet Material 

PUKP nrrAKii 

19 Pipe Flange, U" 1 C.l. 

20 (kmpvalon Flange, U" 1 C.I. 

21 Pipe Nipple, h* x U" 2 C.I. 

22 Pipe Nipple, U* x 8" 1 C.I. 

23 Pipe ElbOM, l4« 1 C.I, 

PUMP DISCHARGEI 

2U Pipe Flange, 3** 2 C.I. 

25 Pipe Nipple, 3" x U" 3 steel 

26 Pipe Elbow, 3" 3 Steel 

27 Gate Valre, 3« 1 e»«» 

28 Hoee, Flexible, 3* x !»• 1 Rubber 

29 Hoee Claapa li Steel 

30 Pipe, 3" X 17» 1 Steel 

CHANNEZ. SUPPORT t 

31 Channel Pirot Support 1 6 Steel 

3a Quumel Pirot Suppeirt Lega 2 6 Steel 

33 Bearing Platea 2 6 Steel 

3U Bearing Aaaeabliea 2 6 

33 Swirel Rod, 1" x 17 1/2" 1 IT Steel 

CNANNBL DISC^AffiS 

36 Pipe FXaage, 6" G.I. 
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SCHEDUI£ OF PARTS (contlnu«d) 

Part Nuaber Braving 
MinbOT Deaoription Required Sheet Material 

37 Plpa UppU,6« X h" 1 — Steel 

38 Pipe ElbOH, h$^ 1 — Steel 

39 Pipe, 6" X 18" 1 — Steel 

JACK SUPPORTt 

ho Base lf»ai>er 1 k Steel 

ia Lege 2 k Steel 

JACKt 

h2 Frane Maiibeni 3 $ Steel 

1*3 FMdm to Chanaal MMNbera 2 17 Steel 

hk Lags, Frma Maabera to Pirota 1* 5 Steel 

h$ Jaok Fraaa 8 5 Steel 

U6 Jack Pirot Su^>ort, with Vata 2 h Steel 

1*7 Jack Pivet Support, Plain 2 h Steel 

1*8 Jaok Sereii Shaft 1 $ Steel 

1*9 Jaok Crank (Truck Steering 
Wheel) 1 we» 

CHANNELt 

50 Sub«>ohaniMil Frane Meabera 2 17 Steel 

51 Sub-channel Floor 1 17 Steel 

52 Sub-channel End 1 17 Steel 

53 Channel Base Walla 2 17 Steel 

51i Channel Floor 1 17 Steel 
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SCHEIXri£ OF PARTS (oontlmwd) 

Fart Nuhber Drawing 
Nvnbar Description Required Sheet Material 

S5 Channel Vail 1 18 Plexiglasa 

56 Channel VaU 1 16 Plexiglaaa 

57 Channel floor Corerlng 1 18 Plexlglaaa 

58 Ibide 2 7 Steel 

59 Comer Braoea k 7 Steel 

60 Corner Spaoere k 7 Steel 

61 Upper Side Ralle 2 7 Steel 

LEVEL IHDICATORi 

62 Tttbet, Clear, 1/2* I.D., 5/8* 
0,D, 2 8 Flaatlo 

63 Hoee, 5/8* I.D, 1 Rubber 

6k Indicator Platea 2 8 Steel 

TAILGATEt 

65 Gate 1 13 Aluninun 

66 Shaft, Tailgate Piret 1 12 Bronse 

67 Sivpert Block 1 10 Steel 

68 Wore Gear 1 111 C.I. 

69 Vtnni 1 Ht Steel 

70 &aft Support Block 2 9 Steel 

71 Shaft Support Block 1 U Steel 

72 Shaft, Control 1 12 Steel 

73 Crank Wheel 1 15 Steel 



6h 

SC3IEDULB OF PABTS (eontlmed) 

Part 
Nvuabtfr D«i»orlptlon 

HSASQATEi 

7li Corar 

75 Bonnai 

76 Oat* 

77 ShaJtt, Baadgata Plaat 

78 Ball Baaring 

79 Control Shaft S«g>partf Front 

80 Control Shaft Support^ Baar 

81 Worm and Pillov Block Support 

82 PlUoN Blocks Boston Qaar 
Catalog #SBP10 

83 Bawnrabla Oata Shaft Support. 
Baok 

8U Flxad Qata Shaft Support, Ftont 

85 Baaring Block 

86 Baaring Corar Plata 

87 Woxv Oaar 

68 Worn 

89 Shaft, Baadgata Control 

90 Collar 

91 Crank Ibaal 

92 Dial Indicator 

Kuaber Drawiitg 
Haqulrad Sh««t Mfttarial 

19 Staal 

10 Staal 

19 Aluninun 

21 Bronsa 

21 

21 Staal 

23 Staal 

22 Staal 

20 C.I. 

22 Staal 

22 Staal 

20 Staal 

20 Staal 

21 C.I. 

21 Staal 

20 Bronsa 

20 Bronsa 

20 Staal 

21 Staal 



 � 
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9li 

95 

96 

6$ 

SCHEDUI2 OF PARIS (continued} 

NuBR)er Draeing 
Deeeription Required ^et Material 

Dial Indicator Plate 1 21 Steel 

Bojanet Suppert 1 23 Steel 

Bonnet Support 1 19 Steel 

Oaeket Retainer Strips 223 Alundnun 

Miscellaneous Itens Such as 
Boltsf Nuts, Screes, Washers, 
Cotter Pins, Gaskets 
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SHEET I 

■Z2 X2 X^- X2'-5-t REO 

X-L X4 

REQ 
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ALL PIECES WELDED TOGETHER 

L 2X2Xf Xl'-8-
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FRAME 
FRAME 
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AFTER 

WELDED 
TANK IS 

TO 
IN 

BASE 
PLACE 

OUTSIDE TANK FRAME 
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SHEET 7 

cj 

22 

END PLATE - 2 REQ'D 

PL "I X 2 XI6 
z: 

SPACER-4 REQ'D 

^DRILL,5 HOLES,4" ON CENTERS 
<- Z2X2X-|X22-J-

5 
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SHEET 9 

I DRILL 
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-y- (±>
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CLEARANCE, I BLOCK 

f 

1DRILL 
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SHEET 10 
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sheetIi 
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5 DRILL 
r~w 

n t—I 

' 

r 

C\i 

I 

4 

SHAFT SUPPORT BLOCK (FRONT) 
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SHEET 12! 
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SHEET 13 
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SHEET 14 
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FULL SCALE 
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SHEET 15" 

T 

lU) 

-2^ 

"1^ 

NUT 13NC 

Tn—*—rn 

-|<» 

CRANK WHEEL HALF SCALE 


