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Thls thesis was undertaken to dster ine accurately tne
coei'vicients of fricticon ol water, Tlowing at varying velocitics
in small iron niveg uid elbhows, Tt was the intantina to obtain
thae eoadition of »nioas qand alhows siiiar to that met with in

genarai nractics,

—~APPARATUS~

Pipes and Elbows: Three slzes were usad, consisting or
thrse—quarter, one, 111 twvo Tneh galvanized vipes and albows,
They wers madz 1p in the following manner: Two lines of vipe,
anout 100 trect long, wers naae 1p orf joints 20 rfeet in Ileangth,
and latd parallel to each cther, At cne end the two lines were
joined by 90 desree elbows)two nivvlesg and a union, r£or wnich
a number of' elbecws conmectsadl Hy ghort alsnlas ¢2ald Hs sub-
gt{tutedl. The fmee ends of the pine worea jolned by tess to the
water sunuly andl the ocatiet Hipe wegnectivaly, intemoged Yy
4ata—r7aLlves, The thinl ouesning of the tasg coamnlcecated with
the prassiies 52152,

The ontlet »ipe 1nged in eacn cage was the sans, consisting

of ahbout 70 feet of 1 1/2 1inch plve, auptying into the



measuring tank,
The plnes wers not reamesd and were of commercial quality,
and the obeervations were taken on ths following:

203%.5 feet of vipe and 2 slbhows —— 2 inech

203,55 » " " v o168 0 —n

20% N [ ] " ] " 2] " -1 inen
210.0 " n v " 1R " —_ "
201.8 ® v ow L I — 3/4 ineh
( 4.9 1 n 1" " 14 " — ’n " )
(48,1 n " " "9 " —_— 1 mo)

Sources of Water Bupply: For the two inch plpe, the
avallable head of the gchool water svstem was congiderad
sufficient for the veloclties desired, and connections wers
made with the campus hydrant.

The snaller pipes required a greater jlead, which wan
obtained in the following manner: A closed cylinarical steel
tan¥, & reet long and of 2 foot diameter waz mounted in a
horizontal nosition about three £fest ahove the ground,
Connections were nade for conmressad =zir at thie tun of the tank
by a plpe fitted with a globe valve and a nop safety ewalvs,
The water was pilped to the tank from the achool system, and
was alnitted by a globe valve, Water wase taken froi the tank
at 1ts lowest voint, where 1t entered the piwe 1line on which
the ongervations were taken, The tank was fitted with a
pressure—gauge and a water—glagss,
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Pressure Gauges: A differentall mercury gaule was
congstructed, using six foot glass tubes, connected with
packing-nuts to 1/4 inch black iron pipe. The assembling of
the flttings and the mounting of gause are shown in accompany-
ing ske#ches, (The latter sketch is drawn to a 1 to 10 scale,)
The gauis was set up betwe=en the two lines of pipe and sach
glde of tlie gauge connected to the teesg by mlons and nipples,

For pressures surpasalng the linmits of the mercury gauge
two steam oressure gauges wers subtituted. These gauges were

tested and readings corrected.

Measuring Tank: To measure tihie water a wooden tank,
48 inches high and 60,078 inches squara, was constmcted of
2 inch cypress, tongued and grooved, and bound by wooden and
iron braces. The tank was fitted with a water glass and an

outlet gate-valve.

—MET7I0

Mercury was introduced into the gauge through the mer—
cury filler, until the glass tubes were half full., The pres-
gure tank was nearly fiiled with water, the 1inlet water valve

cloged tightly, and alr, admitted to the tank, leaving oven

--3-—



the connections hetween it and the air ressrvoirs in ths nower
hcousze. The pressure used was about 150 nounds ner square inch.
It was neceesary tc displacse all air in the gauge with water,
before any chservations were taken. Then, while one man was at
trhe reusuring tank to ascertain the quantity of water per min-
ute flowing into 1t, by measuring the water level in the glass,
and the cther was regulating and reading the difference in
pre<sure, in the effort to c¢htauln velocities with intervals

of about one Poot, the obvservations weres taken. TFor each size
of pipe, a set of readings were nade with two and also with a
larger nurber of elbows connecting the two linss of pipe.

with the 2 inch pipe, connection was made dirsct to the hy-

drant, and no compressed air was used,

~CALCULATTONS-

To calculate the friction head in feet of water irom cm,.

mercury:

(13.6 -~ 1)
cm. HZ. X ———=———————— = ,4134 fent of water per ocm. HE.
12 X 2.54

(4)



To change from inches mercury to feet of water:
inches Hg. X -———-————w = 1,05 fest of water per inch Hg.
12
To change peunds per square inch to feat of water:

144

pounds x - 2z 2,304 feet of water,

62.5

Bimensions of Measuring Tank:

60.078 x 80,078

-— - - = 25,068 square feet,
144

Velocities in Pipe:

] Inchee water per min. x 25.068 x 144
e 3 Y 23 -~ .
A 12 x 60 x 7854 x 4"

Fer 2 inch pipe,

V=1,508 x Inches water per min,

Fer I inch pipse,

YV = 6.383 x inches water psr min,

Feor 5/4 ineh pips,

V = 11.3475 x inches water per min.



To obtain the iriction head in elbcows (f1) :

Tor instance, for 2 inch pipe and 3 oot veloelty,

F X 203.5 x 9
H! = 4,8 = ——mem— + 16 f1.

H" = 4:.1 TR e e e e e e e + 2 t‘l.
2e¢ X 64
8 = 14 f1
20571 = f1

To obtain ¥ for plpes: FWrom the above equations we get,

203.5 x 9
4,1 = ——————— "—'XF'+(2X.0571)
2 X 64

—— —— - G- e S i . S o Gy s

20%3.5x 9

il

To ohtain the length ¢f pipa, to which cne elhow is equivalent
(L)e

Tor 2 inch »ilpe and 3 foot velocity,

0571 = ———mmeem x L, L = 2,91
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