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CHAPTER I: INTRODUCTION

Michigan State College school of englneering was found-
ed in 1855. At this time it was the object of the educators
to lnaugurate an inexvensive engine=ring school. Ever since
then M. S. C. has been gradually bullding itself a revouta-
tion in this field.

At the present time it i1s the author's oninion although
this school has been imoroving in the past, 1t has reached
its peak and unless several steps are taken immedliately a de-
cline will begln to take place. .The crux of this situation
lies more in the vractical asvect of the educational svstem
rather than the theoretical. Coming directly to the point,
practically all the engineering laboratories at Michigan
State College are inadequate and out moded.

It i4s falrly arvarent that M. S. C. graduates will find
thelr knowledge inferior when vlaced along side a graduate
from a school which has modern ecuipment and methods in
their laboratory.

In order to right these short comings, the Michigan
State College controlling board, Michigan State Board of



-3

Agriculture has made plans for the construction of several
new engineering bulldings. Large floor areas have been set
aside for the assembling of ultra-modern laboratories.

These are not orly to be used for undergraduate exerclses,

but also by the graduates for rese2rch. One of these struct-
ures designed to relieve the strain on Olds Hall and builld wup
the engineering school, is the Civil Engineering bullding de-
voted soley to the instriction of subjects pretaining to this
fleld.

The author has choosen for his undergraduste tresis the
design of a labortoryv for this new bullding which concen-
trates on the subj)ects of hydraulics and fluld rechanics.

In reading further in this article, it must be remember-
ed that although M. S. C. does have a hydraulics laboratory,
it contains only the essentlals necessary for a basic study of
hydraulics alore. And sirce Michigan State College in the
past has offered no courses pretaining to fluid mechanics, 1t
has no facilities for a course of this nature. It must also
be remembered that there has been very little research done at
Michigan State College vretaining to elther hydraulics or
fluid mechanics.

What the author proposes 1is a design of a laboratory that
would adequately clarify noints brought out in the lectures
and at the aame time provide facilitlies for research work in
graduate school. Since such a latoratory 1s quite new to our
college it 1s relatively difficult to ascertain just what

might be needed. In making an intelligent study of this pro-
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blem 1t can be seen thst much time, money, and disapointment
would be saved by simply consulting other universities which
were once confronted with the same rproblem énd solved 1t ef-
fectively.

Thls is to be the chief source of information used in the
compiling and writing of this thesis.

The first stev taken was the writing of a letter to seek
as much information as possible and where practical visit such
laboratories. The following letter was comrosed and sent for
this purpose.

April 2, 1947
Dear Sirs:
Under the new exmansion prograr, Michigan State College has
made plans for the construction of a new bullding devoted
soley to the study of civil engineering subjects. In this
building there has been a laboratory set aside for under-
graduate study and also graduate research in the field of
hydraulics. Since a laboratory of thls nature is relatively
new to our school. I have been assigned for my undergrad-
uate thesis the problem of tentatively planning a layout and
suggesting equipment th~t might be used to study effectively

and do further research in this field.

To do this matter justice I feel that the only way to start
is by finding out just what equipment has been successfully
employed at the universities that are the leaders in hydrau-

lics. This 1s why I am writing you.
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Any information that you may supply me as to the layout of
your hydraulics laboratory, the equipment used, its use, and
how effective it is, will be greatly appreciated and proper-
ly used in the solution of our task.

Sincerely,
Edward GQuentin Moulton

After giving due consideration to all the leaders in the
hydraulic field, the preceding letter was sent to the follow-
ing universities:

Magsachusetts Institute of Technology
Iowa Institute of Hydraullc Research
California Institute of Technology
University of Tennessee

United States Naval Academy

In the following chapters a summary of the data received
will be discussed.

Feeling the information these schools might remit would
be rather incomvlete and i1nadequate, the autho£ made plans to
visit any hydraulics laboratory that 1s within reasonable
range of East Lansing. There were two such schools, the Uni-
versity of Michigan and the General Motors Institute of Tech-
nology.

These labs were visited and data collected to help fur-
ther in making an intelligent study of my task.

At this ﬁime it should be pointed out that it is not the

plaﬁ of the author to pattern the laboratory after any one
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particular school but to take advantage of all the outstand-
ing features from each and incorporate them into one ultra-
modern design to sult not only our present day need but also
to arrange a laboratory in such a manner that with slight

alterations 1t could be kept modern for forty years to come.






CHAPTER II: SOURCE3 OF I:FORMATION

In summarizing the information obtained the author will
start with the sources spoken of in Chapter one. This infor-
mation was obtained from four of the five universities writ-
ten. The first revly was from the Iowa Institute of Hydra-
ulic Research at Iowa City, Iowa. It was as follows:

April 10, 194

Mr. Zdward Q. Moulton
Civil Engineering Devt.
Michigan State College

East Lansing, Michigan

Dear Mr. Moulton:

We are sending you herewith a bulletin describing the re-
search facilities of the Iowa Institute, which we believe will
provide the information recuested in you letter of Avril 3.

Very truly yours,

Hunter Rouse
HR?1lma ‘ Director
The enclosure was of great aild in providing the needed
data. Although thelr laboratory is on a far greater scale

than the one proposed for M. S. C. still it contained many



useful ideas.
The second letter returned was from Massachusetts Insti-

tute of Technology.

April 12, 1947
Mr, Edward Q. Moulton
Civil Enrineering Department
Michigan 3tate College

East Lansing, Michigan

Dear Mr. Moulton:

Your letter of April 3 concerning the nlanning of a
new hydraulic laboratory has been referred to me. Since we
are engaged ourselves at present, in planning a new hydro-
dynamlics laboratory and since our present layout could not
very well serve as a model for a new one, I am not able to
supply you at present with the 1nformation you desire. While
we do have a considerable amount of equipment, we have no
material avallable of a descriptive nature, which we could
furnish you. I would suggest as the best way of getting the
information you desire that you the various leading hydra-
ulic laboratories of the country; such as the Iowa Institute
of Hydraullc Research at Iowa City, Iowa, and the St. Anthony
Falls Hydraulic Laboratory in Minneapolis. Needless to say
we should welcome to show you our facilities here and to show
you whatever plans are completed up to the time of your pro-
spective visit.

Sincerely yours,
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Arthur T. Ipen
ati:m}} Asgociate professor of Hydraullcs
Needless to say this was of no aid.
The third to reply was the University of Tennessee.
April 11, 1947
Mr. Edward quentin Moulton
Ci1l1l Engineering Department
East Lansing, Michigan

Dear Mr. Moulton:

I have your letter with regard to plans and eauipment in
our hydraulics laboratory. We do not have a drawing showing
the equipment, but I expect to have one prepared in two or
three weeks and will send you a copy at that time and will
also send the list of equipment. I would recommend that you
refer to an article in the Proceedings of the Boston Soclety
of Civil Engineering, in which descrivotions are given of most
of the larger laboratories in the United States. Our labora-
tory does not happen to be included in the descriptions,
although I think it would be classed as one of the better and
larger ones.

Very truly yours,

Cecil S. Camp, Associate Professor

CSC:mjm Hydraulic and Sanitary Engineering

At the time of writing this chapter no information has
yet been rorwarded with regard to a bulletin of such a nature,

but the reference mentioned was of great use to the author in
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writing this thesis.

Although the Michigan State College library does not
have thls magazine in thelr reference stacks and very few
libraries in the nation do, an editlion was received from
the library at Purdue University.

The last reply was from the United States Naval Aca-
demy at Annapolis, Maryland,

April 17, 1947
Mr. Edward Q. Moulton
Civil Englneering Department
Michigan State College

East Lansing, Michigan

Dear Sir:
In reply to your letter of April 3, 1947 regarding the

Naval Academy laboratory equirment employed in conjunction

with our course in Fluid Mechanics, the following information

is submitted:
(a) The course 1s really basic Fluid Mechanics; and

Hydraulics, as such, 1s not emphasized.

(b) The laboratory equipment is desligned to emphasize
fundamentals studied in the course, with particu-
lar effort to employ the simvlest equipment nos-
sible. In other words, we strive to present the
material in such a way that there can be no doubt
in the student's mind that the results as obtained

are really correct.
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(¢) Enclosures are forwarded to cive you a better iden
of the objective of each laboratorv exercise, and a
brief description of ecquipment.
I trust that thils irformation is satisfactory. If fur-
ther informaticn is desired do not hesitate to request it.

Very truly yours

C. 5. Seabring
Captain, U. S. N.
Head of Department of Marine Engineering
Encls.

Much detalled data was obtalned from this source. The
enclosure was a complete set of laboratory reports the stu-
dents perform in their course in fluid méchanics.

California Institute of Technology was not heard from.
These are the references used in writing this report. Al-
though this list may seem rather inadequate in length it must
be remembered that the one article contains approximately one
hundred laboratory descriptions.

The fleld trip previously spoken of to G. M. Tech. was
arranged and taken in the middle of April. The hydraulics
laboratoryAwas rather a suprise to the author and further
mention of 1t probably would not be made except for the fact
that some 1deas were galned. The laboratory itself consists
entirely of hydraulically operated machines with no funda-
mentals being illustrated, but more the ability to repair
taking the spotlight. These few i1deas will be brought in

later with respect to hydraulic pressures. Later the Uni-
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versity of Michigan's Fluild Vecharics laborztory was also
visited and some avnrlicable ideas were obtained there. For
the most vart, though, their laboratory resembled ours at
State.

The above data combined with a ccmnlete study of Mich-
igan State College laboratory is the source of my infor-

mation.
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CHAPTER NO III: <QUIPMENT DRESIRED

The suggested esulpment and design of a rew hydraulics
labofatory for michigan State College shall be described in
this chapter. 1In reading thils, several vpolnts mrust be re-
merbered. Although some of the eculpment 1s easily describ-
ed, much will be rather general. The manufacturers names
will not be mentioned and in many cases sugfested materials
are not in rroduction. Exact dimensions have also been nur-
posely avoilded for the simnle reason that the size of the
laboratory may vary greatly, since the new hullding has not
b=en desianed as yet. What the author wishes to do 1s more
or less convey an over-all plcture of what he feels a modern
laboratory should contain. 1In several 1nstances detailed
information is supnrlied.

The source of a constant head by means of a stand-pipe
shall be obtained by a one cubic foot per second centrifugal
nump pumping from the sub-basement level for greater effi-
ciency. A three lnch ripe 1s connected from this pump dir-
ectlv to the tor of the stand-pipe. At this level of the
twelve inch stznd-pipe there is to be a circular welr in

order that the overflow might discharge into the drain well
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in the sub-basement. The return also is to be a three inch

vipe so that there could be no possibillity of overflowing on
the roof of the bullding. This avnaratus must be enclosed,

allowing no foreisn materials to enter the circuit.

On the portion of the stand-prine which passes through
the laboratory, in two vertical rows, are to be placed six
orifices. These are to be vermarnently afixed with water
tight covérings insuring no leakaze when not in use. The

suggested orifices are:

l. Square-------c—cccmmmm o sharp edged
2. Round (contracted)=-===-=e--=-- sharp edged
3. Roun@-----===-cccccecae_--- rounded approach

4, Short Tube

5. Expanding short tube

The final dimensions of the above should be one square
inch in area. Placing in two vertical rows, no two orifices
will be closer than one foot.

The second rethod of supnly was the previously spoken of
ore, two and three cubic feet per second electronic control-
led centrifugal pumrs, also vlaced at the sub-basemrent level
in a pumping room, arranged for pump tests. These pumps
along with the stand-pipe shall be supplied directly from
the Red Cedar River. The river bed drain is to be placed at
a level two feet higher than the pump level in order that
the siphon will bring the water to the pump room level. A
twelve inch pipe should connect these two.

A gate valve must be placed in thils circult so that when
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the pumps are not functioning the water will not enter the
circult. A water meter will measure the vumped water.

Now with the initial source extablished the following
circuits are to be suonlied.

1. Research

2. Normal Head Loss

3. Plastlc Head Loss

4. Water Hammer

5. Pipe Friction

6. Jump and Weir

Starting with the research circult this two inch plpre
i1s to be conveniently located on three of the four walls.
The branch will be s.upnlied as the other circuits by any one
of the three sources, with an outlet every ten feet, using
gate valves. At one such orening the set-up for Reynolds
number exveriment shall be rlaced. An 1llustration of this
gset-up 1s shown in flgure no. one. Another onening shall be
used for an imoulse wheel, in a manner 1llustrated in figure
no. two., WwWatt meters, scales, and a venturl meter shall be
used 1n ascertainine the efficiency of this arrangement.

The second arm 1s to be a head loss branch. This shall
cortain:

1. Three gate and three gobe valves in parallel.

2. One disc type and one spinner type water meter nlac-

ed in series.
3. Two U-bend pives in series.

4, Two venturi meters.
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5. Three pipe couples.

6. Three T-joints

7. One inch pipe contraction

Between all these connections there should »e manometer
orenings arranged so that opressures may be found. This cir-
cult 1s to be of two inch pipe. Manometer connections shall
be s0 made that readings shall not be influenced by adjacent
experiments.

The third circult is to be 1aent1cal.except instead of
being made out of the mormal materials 1t is to be construct-
ed solely of a transparent material.

The water hammer circuit should be constructed of two
inch pive with cuick acting valves at both ends and an auxil-
lary drain »efore the first quick acting valve. Scales at
the end should be calibrated to measure the forces exerted
and a venturl at the source to measure the quantity of water
and pressures.

The pipe friction circult shall consist of a withdraw-
able friction clamoing device. Venturl meters are placed
on each side of the space between the two clamps where the
ripe to be experimerted 6n is clamped. Speclal couples must
be machined for the ends of each plze used. The source 1is
from a two inch pipe.

The hydraulic jump is connected in such a manner that
the total source may be sent directly to this flume. 1It's
dimensions are three feet wide, four feet high and twenty

feet long. An entire thesis could be written on this jump
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alone »ut time does rot permit. If any further information
is desired, the author refers you to the Boston Soclety of
Civil Engineer's article. The most practical to the author's
eyes 18 the one at Californlia Institute of Technology. The
walls of this jump are made of glass or some transparent ma-
terial and also graduated. A hook gauge 1s used in determln-
ing the head.

At the end of this {lume are removeable welrs. Five
types are recommended:

1, Proportional Flow

2. Rectangular

3. Triangular

4, Hidden Rectangular

5. Cipolettl

These are to be one square foot in area up to the three
foot level. It 1s further recommended that three replaceable
lips be used in the experiment. See figure no. three.

All these circuits are to have grating at their dis-
charge so that the effluent may be measured by the scales or
discharged directly in the sub-basement well.

The river is to flow through one end of the laboratory.
The flume in which i1t flows will have a cross-sectional view
as shown in figure no. four. There will be gates at both ends
to stop the flow when necessary. The sides are to be revlace-
able with various materials to 1llustrate the Chezy formula.
Also current meters are to be suspended so that a measurement
of flow may be taken.

A current meter is to be placed in the middle of the Red

Cedar River on a six foot arm which rotates to facilitate a
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8 constant flow measurement. The tvpe supggested is us=d at
Rensselaer Polytechnic Institute as shown in the Roston
Soclety of Civil Engineer's article.

A room 18 to be set aside for calculating, contalning
com~utators. In this room a model flow circuit is to he con-
structed on a rminature scale, using abutments, river bends,
and various obstrutions. The wzter will cont2ain aluminum
sulphate powder which when projecteda on a screen by light will
show the eddy currents.

An equipment room which contains portable equlipment to
be used in the lab. such as rvortable scales, stop watches,
current meters, etc..will also be valuable and necessary
asset.

In the laboratory there shall be one electric weighing
device of one thousand vound cavacity, such as the one used
at Iowa University, only on a smaller scale which will be
more fitting for this 1l2ab.

The laoratory 1s also to be equipped with comvressed

air.
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CHAPTR NO IV: LAYOUT

The general arrangement of the laroratory sugsested for
Michlgan State College 1s shown on the next vnage.

Although all i1tems have a definite vlace, it 1s real-
1zed that when the desien of the new Civil Englneering
Building at East Lansing is comvleted there may be a more

practical z2rrangement.
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CHAPT®ER V: CONCLUSION

In concluding the author wishes to convey several roints.
First, that with the design described in ch-pter number three,
all the baslc concents of hydraullcs and fluid mechanics mav
be 1llustrated. Also several of the more advanrced theories
may be clarified, such as EFeynolds number, the currenrt meter,
and etec. Then too with the arrangement of the plpes and the
srace allowed advanced work may be done.

If one were to set out to deslgn a laboratory for re;
search with all equipment provided, he would in turn be doing
advanced research himself, This is hardly practicsl since it
1s never known what 1s needed until the experiment is begun.
About all that can be done is to supvly the svace, measuring
devices, and source of suprly. The rest must be constructed
by the man himself.

So it is the author's belief that this design will be one
of the most up to d*te laboratories in the nation and that this
laboratory will be culte conduclive to greater learning and

knowledge which we are strivirg for.









MICHIGAN STATE UNIV. LIBRARIES

Il
3

1293

i

488

i
713



