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The A.U.B. School of Engineering decided to set
up a hydraulie and fluid mechanle laboratory. This was
asslgned to me as a tople for my thesis. The designing
and installation of the hydraulle laboratory equipments
wera caerried out under the supervision of FYrofessor Walter

€
Bagpralye.
~

The north wing of the second floor of the Engineer—
ing building, desipned previocusly for that purpose, and
part of the firat floor:; were put at my disposal.

The full plan is shown in drawing No. 3003. In
desipning a laboratory the first thing to know is the
type of experiments to be done. The next 1s to provida

the squipment$ necessary for that purpose.

Finally and the most important; are the testing
e
methods, the underfounding and the corrglation of results.

In deslgning the hydraulic laboratory censideration
was given to iaolate the different equipment; in such a

way as to allow execution of simultanecus experimentfs

Part of the equipment is to be set up permanantly
and the other part temporary. The reason for that is



to provide for the students adsquate changes jin experi-
ment s,

As sesn in the snclosed drawlngs it is designed so
that at least Tive proups of students ran test at the
same time with the equipment without disturbing each
othar.

I'm‘purary gquipmants
The following experiments could be carried out by

using the temporary equipments:
a. Friction losses in circular pipes
be Comparisen by orifice for measuring fluld flow
g« Flow in open channels-gauzing by means of woirs.
ds Losses in pipe line dus to sudden changes in
diameters.
e. Calibration of a venturi meter.
fs Tetermination of comparative pressuro losses

in bends.

Friction losses in ecireular pipes

Two l-inch pipes were chosen for this experiment, cne
1s of galvanized steel, and the other of' copper, &as these

two materials are widely used in hydrauliec works.

For reference drawings HNo 3001, 3002 show a layout
of the pipigg and drawing No. 004 showp the detail.



As for supporting the two plipes timber boards
were used as shown in Orawing No. 3001 Detail {C}.
Vater flows down in a 3 inchgpipe from s water tank
placed on the roof of the Enginearing Building. A Tee
sonnection ls provided between the main line and the
1 inch pipes.

In grder to find friction losses 1n sach of the two
1 inch pipes the pressure difference must bhe constant
between the inlet and the outlet of the pipe. It is of
great importance to have static pressure in the pipes
for that reason a laminar {low is neededy80 as to get a
correact reading of the pressure difference between any
two polnts. A plezometric connection was used for that .
purpose at each points As shown in Drawing No. 3001
Detall (A)y a 9 em diameter aluminium pizometer was pro-
vided and on the top of each there is a brass tap which
could be connected to the sanometer by a rubber tuba.
This will show tha pressure reading at that particular
point,

By knowing the pressure at the inlet and outlet of
the pipe the pressure difference through the pipe is
readily ealenlated,



It 1s w?s& to explain at this polnt the theory
lying behind this experiment leawving for liter the
deseription of how to perform the test and the way of
interpreting the rasults.

Theory |
Let h represent the head loss 4n the pips length (1).

It is customary to expresas the lost head in the follow~

ing equation : 1
h = £{1) ¥°
iR
V = the velocity flow in pipe .
D = diameter of pipe
2g = B(32.2) ft/secl

Thia expression 1s sometimes called the Darcy-Werbach
fnrn.ln honor of two sarly workers in this field. The
ratio 1{D is dimensionless. The fnutnrkﬂgf is frequently
called a welocity head. It has the same gimﬂﬂﬂiﬂﬂﬂ as
h 4 namely energy per unit uﬂighﬁ or the net dimsnsions

of & 1E’II.E"Jhl
U L
Thus the frigtion fnﬂtur or coefficient I is dimen~-

sionless. : .

in one type of practical problem, i, V and D are
known or given. The head loss can be computed if the
friction can be fourd. Thus the determination of f.iu

an important featurs.




For ordinary velocities a great many experimental
data have established the fact that the fraetion co-
¢ @
efficient [ depends only on two factora. The HAeynolds

number of the flow any geomstry of conduit surface.
ST 1

... [}

Usually the steady of flow through a eireular pipe

is only for a new and c¢lean pipe.

The effact of age on pilpe roughness is fregquently
vary diffiiult to predist.

For smooth cubing actual data may show a variation
or scatter of B'5S parcent in“f: Une common and important
type of problem is th; datermination pf pressure drop
Tor a given lengths dismeter, dynamic wviscoslty, dauaityu

and avarage valanitf;

Hazen-Farseville law for laminar flow
in cirgular pipes

For fully developed laminar {low in all ecircular

pipe _
£ = 64/Ng (NE = Reynold's number)

For thiz case the pressure drop in a horizontal
pipe becomes
. .
ap-pl*-pa-whﬂwﬁéjl}"ifz = sz A1V
T, O ;



The ratae of discharge § = WMoY  then
BE N

p = 1ga A1Q
o

The mathematical analysis of laminar {low checks
very accurately with experimental result. If we Find aAp
which is the difference pressure in two points of a plpe
we can find also Q which is the quantity of flow in e
pipe in the testing tima.

rl Fl"-\'_-.l-ﬁ Fig l'!_'-.i.,l." Ls LE

:I{Enélﬂﬁﬂ harewith a copy of an experimental sheet
which dasecribes the method of testing, and friction losses
in slrcular pipes and the type of rasult abtained,

FRICTION 10SSES IN CIRULAR PIFES

Sequence of Oparations

1. M¥easurs distance "L" in metera.
2. Feasure insida diamater of pipz sample (average
ol four measurements, two st sach end),
3. Oheck that connsctions €0 mancmeter are tight.
£, Cheok balange for compensation of Weipghing Tank.
5. Check manometers. for freéedom from air bubbles.
8. fJarefully open valves "S™ and ™07 and adjust
flow of water to give approximately .. - —..mm differential

on manomaters.



7« ©On signal from Timekeaper atart collecting watar,
meanwhile controlling walye "O"™ to maintain uniform pra-
sgure differential. Length of run to be as indicated
in Table II (a).

B. HRepeat (7) with {b) e —mm} (2) ___ mm differential.

(d) ——mm; (@) __. mme i

9. Hepeat experiment on Copper Fipe.

10. Compute results per Table III (a} and IT1I {b).
Experiment No. 1 (a)

Table T [a)

Description of Pipe : Copper
Langth of pipe tested - L : 4.60 metera 3 15.18 fest

Diamatar of * " -d s 25 mm, t D.885 inchaes
Ares ol = " = f ¢ 405 An.mm. 3 0.00523 sq.ft.n
Table II {a)
delta H# Flow time Welpght of
T in water Remarks
Test mm . gacond s . Lba.
a 18 0.059 42,5 4.540 10. 20
b 40 0.131 30.0 5.170 1l.40
c 64 0.210 25.0 J.7680 1z.70
d 80 0.260 21,3 B.660 12.50
a 95 0,312 20,0 3.700 1B.55




Table ITI {a)

Flow Hate Velocity

Test lb.ps efa f'ps e Remarks

a 0« 240 0.003856 0.73 .88 x 10P

b 0.380 0.00810 1.15 3,48 x 14°

e 0.510 0.00818 1.54 5. 10 x 1@

d 0.588 0.,00085 1,78 2,89 x 14%

& 0.827 0.0l02 1.93 2,92 x 1d°

# Assume He = delta H {Binder, Fluid Mechanies; 1049 ed.

page @3)
¥ Darcy formula - Bg =1, LV

Experiment No. 1 (h) .
Table I (b)

Jeseription of Fipe : Galvanized steel

Langth of Pipe tested -~ L 1 4.70 meters  18.5 feet

i amatear of % * =d: 25 mm. } 1.080 inches
Arga of ™ ® =A% B30 sq-mm. i 0.0057 sg.ft.
Table II (b)
Delta HE Flow Iims = of Water
in = Hemarks
Tast mms ft. saconds kams. 1bs.
a 18.0 0.05¢ 40 H.2800 11l.80
o J2.0 0.105 30 5.870 12.50
I - 5l.5 D+160 25 &.300 14.95
d 59.0 D, 285 25 8, 500 14, 30

a 181, 90,3208 20 7 . 250 15.95




# Assume hy = delta H (Binder, Fluid Meghanics, 1049 ed.

page 83)
Table IITI (k)
Flow Hate
Veloecity

Test  lh.ps eofs fps g Hpmarka

0.288 0.00478 0.8309 2.77% x 162

0.417 0.00888 1.172 2.53 x 10
- U.0898 0.00958 1.880 1.94 x 167
d  0.822 0.00995 1.745 2,45 x 142
e 0785 0.01278 2.38% B.EA % 108

* Darcy formula < hp = f._LV"




Experiment for comparison orifice metars

for measuring £luid flow and friction losses through valves.

For tha abova experiment, the equipment was designed
B3 shown iu;ﬁéziiug Ho. 3001, 3002 {e), 3004, 3008,

& globe valve, a gate valve and two flanges wera
provided on 4 1 inch galveniged pipe. The orifice to ba
tested 1s placed between the two flanges and fixed by
four bolts. :

The flanges may bo puched apart by using a Jack-
S¢rav a8 shown in Drawing No. 3008.

Four different types of brass uvriflces are used;
namely,. Borda mouth piece, sharp edge, thick plate and
nozzle. A detail of the flavpges and oriPices 1s8 shown
in Drawing lo., 3008. '

Two aluminium piezometric comncstions are provided
fn} gotting pressure 4ifference through the system. A
Slmilar get up is used as for the experiment of friction
losses through oircular pipe. |

™wo taps are provided on eash (lsnge in order to
take the pressure difference through the orifice, A1l
the orifices have 10 mm hole for the flow of water. Tha
orifice is possibly one of the oldest devices for measup—
ing and sontrolling the flow of Fluids.




The thin plate or sharp-edged orifice 1s frequently
asmployed for metoring,.

The eguation Tor the orifice to give actual quantivy

0 o= KhzEEBR
Whare Ap is orifice area and
E = 0f

I

Whera A7 is'the pipe arez apd & tha discharge ro-

efficglent amd h = py = pp 43 a differentisl head ([h)
W

Valve of G and K as functions of Raynolds number
Tor various orifices and orifice installations. In another
way wa gcan axplain the relation between coefficient Ef
valocikty and the cuelflicient of lods fTum Lhe energy
equation which is

Hp = friction of losses of head

M = input heat

Which is for the snergy of point (li in sop of
vessel apnd (2) in the oullet of this vessel assuming that
the pressure is atmospheriec, or the same &t both points,
8nd that the area of the vessel is soc larfe that the velo-



iz

gity et (1) 4is nogligihle.

Also mssume that the frictivn be represented as

He = xvE/2g

singa
Hlnﬂ+h+u
Ho =0 ¢ + V&2

wa have
VE/fg = h - [iy # Hp) - bk _¥°
g
from whizh
2 Ve - 3 T

I+ K
The walue of K would be zers 17 thers were no fris-
tional resistance to flow, Thus the ideal velocity is +

vy = V3R

Singe the true velaclty is obtained by multiplying
the idesl veloelty By the velucity coeflicieal
w = G/8gh
We know that
q = A:V
¥ and A denote the veloeity and area of tha jet}
respectively Ao denotes the area of the orifice{it may

be seen that




q =A.V = {3; Ap) ( CWTER ) = Uy Ae 2EE . {a)
In case the pressures =L (1} 2ud (2) are not in

Lhe precesding equations we should have

b4 _hy =~ hn
W
€y 15 coefficient of diacharge and 1% 45 a known
if two out of g, h, and Ao are kuown, Che third one can
be found in an orifiss.
I enclose herewith a copy of en experimenta sheet

in hydrauliec laboratory, which descriles the method of

teating and the result of tests of orifices,

Fressure losses through valves are obtained in the

sama way as described for orilices.

Usually the friction losses of valves ars given in
vabalugs in equivalent feat of straight pipe of the same
Plpe.

For exsmple from Qrane catalog Ho. 03

a 1 insh globe valve io equivalent to 87 ft. of
1 inch pipe.

1l inch gate valve is equivalent toa &8 fest of
i inch pipe.

COMPARIGSON OF ORIFICE METERS POR MBASURING
FILUID FLOW

Sequance of Opeprations

1. Attach hose to Tour mwanometer taps adjageut tu
@fifiﬂe Flanges.
£+ Chack that all other taps are tichtly closed.

2



la

S+ “heelk balance for compensation of Weighing Tank,
4, Check manometer for fresdom from air bubbles.
S« OGarefully open valves "3" and "G" and adjust
flow of water to give approximately _ __ mm differential
on manometars,
Ge On adgnal from Timeheeper start cvellecting
watory meanwhile cantrolling walve *0% to maintain a
unifiorm pressure differentliazl,. Langlh of tun to be deter—
miped is Indigated in Table II,
7. Hepeat {(8) with {L) o _ mm; (&) mm
{: § [ (- (R
8. Reopoat experiment with ancther orifice plate.
9 OCompute results as per Tabulationsz of sheet No.3
10. Fake skatehes to 1llustrate Experiment set-up. t

Raefarencas

Binder 3 Fluid Mechunles,2nd Ed., 1949, page lay
Daugherty: Hydraulies +4th Ed., 1937, page 159
Russel § Hydraulics »Hth Bd., 1942, page 119
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Table 1
Description of Orifice Plates = a.gharp-sdped orifics
plate Wo, 2
D. Thick=edged orilica
plate Hos 1
Numinal Fipe Dismetar 1 L/3R in: ; P8.P o
{a) [b) (a) (1)

Diameter of Orilfice 9.5 10 m 38 3/8 tuches
Arsa of orifiee e — . mmf p.guy7ed fL.2
Table II

{4) ORIFISE FLATE No. %

delta H Flow Time Weight af Vataer
Teat in — : Remarks
am i deponds FKems  1bs. BH 5 diam away, em
a 8.3 0.272 80 4.585 10.10 8.0
b 17.0 0.557 @ 45 4.940 10.88  14.8
|+ 1.2 0,704 30 4,020 13,85 19.5
d 3l.8 1.pa=z 20 2,920 B8.43 28.5
9.0 1.2877 a0 4.920 1l.00 3l.5
58.58 2. 228 25 G.325 11.70
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Table II
(8] ORIFICE PLATE Mo 1

dalta H Flow Time Welght of Water
Test in =  fRemarks
om Ft Sasconds kgms. 1bs.
b 12.8 0D.48 45 4.880 10.80
L 24,656 0D.B0 50 4,480 el D
d 25.5 1.13 20 5. 580 7785
-] 50.0 l.84 10 2.080 1+ 65
Tablea III

{A) ORIFISE FIATE Nu. 2

v Flow Rate Velocity HR# . K* Hemarks
i 1lba, per sec. ¢fs fpo

a 5.1584  0.00270 3.52  0.92x10¥ 0,043

b 0.2410  0.003898 5,08  IL.@7x10% o.842

e 0. 2950 0,00473 A, 18 1.58x104  p.a81

d 0. 3217 0.00518 .72  1.70x10% op.820

# N. 5870  D.00588 T.86  l.94x10% 0.845

2 0. 4680 0.00752 9,77 2,47x104 0.820




(B). ORIFISE FLATE Wo: 1
Flow Hate Veloclty
Tast g K'Y Hemarks
1bs./sse. cofs fps
a 0.173 00028  3.84 9.2 x 109 0.05
b 0.238 0.0038 4.¢5 1.85% 104 0495
a 0.325 0.0058 8.82 1,725x 1o 0405
4 0. 385 0.00682 B.15 2.08x 104 0.94
@ 0. 455 00073 9.55 2, 48x 10% 0.93
# Ny ~ Reynolds Nos = rhax V2 D3 Ex WMb
" P
T A
K= g (Bimler, page 130) [

ARSI Al

AR =
D2 =

Page

Grifice arsa

" dismeter

Check ths flow cosfficient ™{™ againat Fiz. 88 on
131 (Binder) for the corresponding "Np"



Flow in open chamnel gauping by weans of welrs

Weirs are used for the measurement and control of ths
flow of water in open chennels. A 45 x 220 cms 20 cm high
steel channel is designed for this experiment, as shown
in Drawlng No. 3002.

The water flawing through this channel comes Trou
a water tank.

To measure or gonbiol the Tlow of weler in open

channels it i3 important to have laminar flow.

1n order %o accomplish this purpose soreens avw
ussd in the direction of the flow to change She turbule-
ance flow to laminar flow. The holes of each secreen are
of different dismeteras,

Twa different shapes of weirs are used In this ex=
poriments trisnpulay or V pnotch and rectansular.

1t is also possible to have other types of welrs
such as trapezoidal and semi=-gircular,

With the notation shuwi In Flp. Of @ welr in next
page haight (H) of the undisturbed water levsl above the
erest of the weir is correlated with the volumsiric dis-
eharge per unit time.
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OUne method of finding {H) is that to hive 3 micromeser
serew with a sharp conieal point or hook gpape. Entiraly
submerged In the water; this point is screwed up until
it zouches the surface and the height (H) is obsarved.
Another method involves & height measuring device in which
the contact between the water and thﬂ'muvahla measuring
point completes a simple electrical gireuit and lights &
small lamp. The quantity of water which is passing through
8 welr-can be computed {rom the follow'ng squations
(1) Q@ = 7E%2 far rectangular weir

(2) i = FHS 8 for trianpular weir .
tn cquatdon (1) —‘T‘X_
F =2/ 0L/ 88

ﬁr.ﬂ'.ﬂ' L
0 = i3 a discharge coefficient

L =48 the width of weir

in agquation {3) , ‘H——:.."_..L___q_______"_:_l
P = aiis woE tp % e #

[C) 43 & discharge coelfMecient )

€8 i3 the angle of weir :

— - F:H‘.'a_;.! Bl vip il b al

1 anulusa'&arewifﬁhu copy of an experiment whiph
desafibes the method of testing in a hydraulie labora-

tory and the result obtained from that experiment.




FLOW 1K OPEN ﬂHAEHILEGAEGIHG

{a) Triangular V-Notch (b) Rectangular

Sequence of Operations
1. Obtain sero reading on Hook Oage.

2, Measure width and depth (below bottom of Weir)
of shannel sectlion.
%. OGheck compensation of Weipghing Tank on scales.
4. Open control valve on Water Supply.
He. 38t control valve to give an "H"™ reading on
_.;;?!eiak Gaze of approximately— . mm.
'~ 8. When uniform flow has been established, and on
‘mignal from timekeeper, atart collecting water in W.T.
Léngth of run to he as indicated in Table II on sheet El.

7. Ropeat operations (5) and {#) with differantials
licated in Table.

8. HRepeat Experiment with Rectangulasr Weir.

9. Sketch and dimension Welrs.

19, Sketch equipment set-up. >

11, Answer "Juestions® on Sheet 21.) Uiigince ans

Table No. I
Description of Channel and Weirs
fidth of Ghannel 15.7 inches; l.31 fte

h below bottom of Yeir
(a) V-Noteoh Weir 7.1 inches; 0.59 ft.
(b} Reckangular Weir 8.85 " ; 0.7¢ ft.

L

g
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Table 11 = Experimantal Data

i:: fa) = V=Kotch Weir

=

Hook Cage Headl H Time q K
Test mm. Zeroc ot mm t Set5. EmSs ols
a 256.0 289 33.0 0,100 50.0 7840  0.0058 1.85
» ‘B09.5 BA9 58.5 O.185 1%0 9100  0.0845 1.90
e 242.0 259 27.0 N.089 80,0 5800  0.0032 1.85
d 2l8.0 259 5l.0 0.138 16.8 7980  0.0158 1.80
e 225.5 259 48.5 0.140 B25.0 7290  0.0104 1.70

# Compute "E" from formula Q =Ky g5

'-E_":-fhl = Rectangular Weir

Hook Gage Reading H Time g K
?:"f'hﬂt mm. Zero Net mm ft seci. gmS. of's '

o

a 205 218 14 0.D48 40 7050 000885 .50
b 198 219 a1 0.089 21 8200  0,1005 3.52
& 180  2l9 29 0.095 15 7350 0.0173 3.44
d 184 210 25 0.115 13 9470  0.0228 .58
e 178 210 44 0,114 9 8120  0.0318 .83

# Sompute "K" from formila § = KLy He  (Binder page 134)
(Daugherty * 147)




£8

Four conditions should be observed in the use of
walrs:

1. The weir plate should be sst with its face vertical

8. ‘The mvest should be absolutely level, shary, and
normal to tha direction of the flow,

3. Admission of air to the space between the sheet of
falling water and the dewnstream facs of the weir:

4. The channel upstream from the weir should be st~
raight and lavel and free of all disturbing influencas
for a sufficient distance to permit the stresm to assuma

WP L i s

a normal condition of quist fl&w;aﬁpund of approxdimately
0.2 It is preferable.

Remarks
Sondition 1 and 2 were mors or less accurate, while
condition 3 was fulfilled except part h of 3 (a)
fondition 4 was perhaps the source of error since’
the haight ﬁ;;hhma not aqual to 0.2 besides having the

water disturbad due to movement near by..



Experiment for Calibretion of a Venturi Meter

A wenturi meter was designed as shown in Drawings
)02, B00B., Water comes from 2 1 inch pipe which is
connected %o a 4 inch maln pdpe, and Clows through the

Venturi meter.

i

The venturi tube which consista of 3 parts A,B and
0 comnmected by flanges and 3/8 Inch bolts.

Fiezometric holes 3 wm in diameter wers drilled
after tha vantu¢$ tube was machined and adjusted. Two
rings E and D having taps for connections o menometer
were soldered over ths holes. The principle of ?&ntuﬂ%
tube was investigated by Venturi an Ttalian in 179l.

It was applied to the measurement of water by
:1um€§ Hershel in 13A38,

As shown in Drawing Ho 3808 it consists of a cons-
tricted throat, which produces an increased velocity
-accompanied by a reduction in pressure, followed by a
gradually diverging portion in which the velocity is
transported back into pressure with but slight frictioen

lnasg.



Since thora i3 a definite relation betwesn the
pressura differential and the rate of [low, Lhe Lobe

may be made to asrve as a mebering devige.

Differert venturi tube proportions and different
arrangements of pressure gages are found in practice.
The diameter of throat is usually betwaen one half and

one rrii".‘nh of the inle=t dinmeter.
" | S

In e}njfﬂ;sim inlet diameter is E7 mm and throat h@m 3
the included i-ing]..& of sntrance gono is 200 and the inelu-
dad anple of exit or diffuser cone is 8%, to reducs the

} di ffuser loss. If we don't bring in friection losses for

a venturi mster then the enerzy equation becomes
E -l
pyfw + 'fl“.'fzg ~ Pgfw + Vo /eg (a)

Where t
Fyo= pressure of inlst
V3 = velocity of inlet
F, = pressure ol throatb
Va = velocity of throat

‘Hth use of the continuity egquation

.E =4yl = _gH!irE i Ay = ares of inlet

Ly = area of throat
with equation (a) gives




a8

B
Pyfw = Palw = Vg [fog E' {Aﬂr’ﬂl}{[

ideal Q = A ¥z = _AS VBE (BI=pZ ]
W
JI- {h2/r1)®
vhich Q i3 the gyuantity of water im liter per sacond

ar on,ft, per Asn.

The specific weight w in nbove equations is the
spec¢ific weight of the fluid flowing through the water.
If we bhring in the friction losses in our calculatlun
we will have
i= 8,xCpy Pgh xa
% — reto aof flow in ou.f%,. par sec.
0p= inlst throat ration coelfigiant

Cp= friection coelfficient

Lo ™
=]

where = inlet arasa = 0
Throat area a

w inlet diameter in fest

2

throat diametar in leet

= R S =
i

= differential head in fest of fluid being metered

a = throat area in ag.ft. = E
4

Gy mldows for the loss ol ensrgy of fluid due to



frietion between the inlet and the throat of the venturi

tube commonly called frietion coefficient.

Amounts of Of for differant diameters of venturi
matore are written usually din builders’ catalogs. TFor
measuring the pressure difference between inlet and
throat it is designed to have a diffarential mErt:uri"

munometer with the vanturi tube which wa dasignad.

In order to check the quantity of water through
tha venturi tube & water-meter is provided in the line.
1 enclose herewith & cepy af an ecxperimont whish deseribos
the method ol testing, and the results obtained.
CALITBRATICH OF A VENTURI METER

Sequence of Operatlons

"4
> SR\

TAY Lo "™ and WY, h [ At By

-~
2. OSheck vhat taps a, b, cs and e are plugged. Oy .||

1. Transfer heese connections from tape "b“ and

5. OChack balanra Tor gompensation of Welphing Tunk.

4, Dhatk manometer for freedom from air bubbles.

5. OGarafully open valves ™3™ and "%, and adjust
flow of wetar to give approxipitely_  mm diffarential
on manometar.

&. On aignal from Timekeepser start collecting

watar, meanwhile controlling valve "C" to maintain a
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uniform pressure differential. ZLength of »un to ba

determined from Table IT.
7+ HRepeat (8} with [b)_ . mm § (o) _ mm
(d)=— mm . {e) — _ mms

B. Oompute results as per Tabulations in Table IIT.

deferences:
Sinder, Fluid Mechanie¢s. Znd Ed., 1949, page l&4
Daurherty; Fydresulies, 4th BEd., 1937, page 151
davly, Handlook of Applied Hydraulics,2nd Ed.

1952, pare 1718,
Table I

Inlet Diameter {DIT = 27 mm ’ﬂran = 0,00815 sq.ft.

14 . .
Throat " (0a) = §mn  Area =0.00188 sq.ft.
Speaifio Oravity of Manometsr Fluild 13,85
i &
Tabla II 55
Teat delta H Flow Tims Weight of Water Hater Metsr
in. It. 1in se¢s. Kgms, Llbs. End Deginling
0.8 0.0187 40 7« 540 158.20 N S R
a8 D4 D.0334 30 2. 710 19,81 4,839 4,B21
0.8 0.0500 25 9,070  20.00 4,838 4,873
b Q.8 00,0047 20 7, 110 17 .89 4,000 4.531
1.0 0.0834 20 8,0R0 1a,.958 d. 377 4. 388
n 1.2 o.lo0n 20 9. 740 A, 453 4,488 4,418
1.4 02187 0 10, 740 Ba. 87 4.488 4,477
d 1.6 GL1530 14 5k 1E. 80 4,541 4,580
1.8 0.1500 10 5.790 1p.88 4.585 4.580




Tablea III
Flow Rate = Q@ Veloceity Revnold's s
Test i, Trom Textbook
1bs.ps. ofs fps Bumber * curve
0,408 0.0085 3.B2 0.909 1.42 x 13? 0.98
a 0.540 0,008 5.4 1411 2.01 x 109 0,98
0.800 0.0128 8.59 1.183 2.48 x 107 0.932
b D.89% D.0l44 F.63 1.090 2.83 x 1oF 0.08%
0.998 0.0180 BA.55 1.00 3.18 x 1p9 0 983
e 1.071 D.0172 o.85 1.07 .40 x o9 n.o030
1,188 o0.plsd 10.38 1,09 G788 x 108 0.084
d l.B820 0.019% 1p.8an 1.08 4.03 x 10D 0.9854
1,288 0,003 11,44 1.03 4.8 x 1g° 0,984
e l1.395: 0.0884 18208 1.0 . 4.5 x 1o~ 0,985
L
# 3= 0 \Vagh =
e MVEh
M = meter comstant = _ Al - .’LEY o "
o AR LR o= 7
frE T i

= D.00172

r = ratlo of areas of entrance and throat

¥ Reynold!s lumbar = compute and compare "1% with ourves

Fig, 82, page 185 {(Binder), 1655 (Daughgrty) or 1219 (Davisg),



Sample of Caleulatians

a) Al = 0.2 = 0.01888 ft,
1

w="7,340 x 8.8 = 15.2 ¢

W = 18.8 = 0.405 §#sec.
i 3 T3]

0,405 = 0,00848 of/sec.
BE, 4

-

L'.l_::

v -,§ = 0.00848 = 3,84 Pt/sec

I-‘E ’=.I.!L1_,|"’

= 0,00172
e 1
g = 1 ol T 1
T H E "I
Ny ¢ f¥D® - 1.48 x 105
A

Gr = 0,08 Erom the tabls



losses In pipe dus to sudden changas in diamesters,

Drawinga Hos. 3001, 5002 and 3004 chow the design
and the detail of the eguimment ralatad to tha abova
named expariment.

The sudden reduction is 4 one inch pipe to a 1/2
ineh pipa and the sudden enlargement is a 1/8 inch to a
nne inch pipe.

Ta each side of the reducers part there is one pai-
gomeatrie conneéction with brass taps connected to & mano=-

metar,

Waste of energy at a sudden reduction in %ipa.
Referring to figure the water Tlows in the large pipe withi———-

valosity v and will contract as shown at cd on entering
into She amaller pipe. the veloceity v at ed will be preater
than yq.

Hence up to this section, the weter has not over-
tz=ken any water moving in front of it, and cherefore there
has bean impact and consequently no waate of energy from
this course batween ab and eod,

Batween od and ef the velocity of the water is dimi~
nishing again. and it will tharefore be batween these pe-
tions that waste of energy will occur,

Hangce

Energy wastad = (v = vE]EI 2z ft-1b/pound of

water.
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If the wvalue for the coefficient of contraction be
agaumed, it beocomes possible to caloulate v. Thus let
the sectional areas of the stream at ad and ef be A and
Ag @guare feet respectively and lst €, be the coefficient
of contraction then

A= Cohp

The guantities of water flowing through Cd and ef per
second Will be equal Hence

vivg = Ap/A = ag’qﬂag = 1/0,

or v = va/la
2

7z

2 2
and energy wasted = [vE — vg) R A SR T s
- e GG
Bl
‘

Waste of energy at a sudden enlargement in pipe.,

o
‘_..-r'
s
—
i W
by, i
l."i.- L
- "l-_|||

This case 13 illustrated in figure «Water flowing from

the small inta the large pipe has its veloclty diminished

from V1 %0 vz and mingles with the water as Indicated, in

the 1llustration, and there will be a waste of snergy pro=
duced 1n a somewhat similar manner to the case of one hody
overtaxing another which has been discussed above the re-

lative veloalty will We [ wy - va) and ghe waste of energy
wWill be given by

aenergy wasted = {vq - ?;}E'ft 1b/ pound of water.
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In some caleculation the wasted energy is by adding
. 8
to the above result 1/e v, /2g
If we want to Ffind the lost head in sudden enlargement

the lost head [(ho) is in the form of

) ) o

py = the pressure jusz before the enlargement

ps = the preasure in section CD

Another sguation the dynamic relation, is helpful in
eliminating some of the variables and obtaining a gon-
vanient form for the loss.

Jonsider the forces acting the fluid between sections
nwB and CD

Neglact shear forcea along the wall, and ﬂssumaﬁthat
Py gtts directly inside the enlarged area, that is, over
the ares A8 in the fMuid. Then the nat fproe in the dires
etion of flow degelaration the fluid is {pg = p1) 4z

Fforece equals mass times acceleration

The moss rate of flow is Aﬁvﬂwfg

Where w is the specific weight of the fluid, Bach
unit of time the mass Aavgw/g has its velocity resduced
from ¥y %o vgi therefore the dynamic equatilon shows that

(pa~p1) Ap = Ap¥e W (V1-V3) (b)
g



Eliminating the pressure difference from eguations
{a) and (b) gives the finzl form

ho = 1/2g (V;-Vg)®

This eguation is called the Carnot-Horda relstion
in hopnor of two pionears in this rield of study. For
more information in these equipment and the method of
testing, 1 enclose a Sopy O an experiment sheet Which
describes the method of testing of above equipments and

resull of different Lesbs.
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LOSY9ES TN PYPE 1TNE DUE TO SUDDEN CHAMGES IR
DIAMETERS,
(&) Sudden Enlargement (b} Sudden Reduection

Sequence of Opearation:

Exp: £a = Sudden Enlargement

1. Conneet manometers No.l and 2 to taps on each
side of the inereaser coupling.

8, Measure the inside diamebera of the two (2) short
samples of pipe that are the same size as the pipes unda£
test. Average four messurements, Uwo &t each end at right
angles to each other.

2. Chock that all hose connections, not being used,
are tightly shut off.

: 4. ‘Check that the pipe line is substantially level.

5, OGheck balance for compensation of’ Weighing Tank.

8., Check manometers freedom from air bubbles.

7. -Barefully open Valve "3" and "C® shd adjust the
flow of water to pive approximately 50 mms differential
on the manometar.

8. On signal from the fn%ﬁﬁu start zollecting water
meanwhile controlling wvalve 0" to maintain a uniform
pressure differential. Llength of run to be as indicated
in Table II on following shesat.




]

0. Hepeat [8) with manometer differenticls of

£ T : hr biainy|
T 51112 S s hitint
B L

Expes 2b - Sudden Contraction

l. Tranafer hose connections from taps on increaser
to taps on the redlcar [itting.

2. GCheck all other taps for tightness.

3. Hepeat Operationa 4 to 9 incluaive for Exp. b
Genaral

a. Make sketches of Test set-up

rh- Compute results for Table IIl.

Tahle I

Deseription of Fittings
Diameter of small pipe 15 mm 3§ 1/e 4neh :
" " large " Bg.4 mm 31 1/8 inch
Area of small pipe 177 sqe.mme; 04001385 8q.f%,
® ®"large ™ 550 sqe.mm.i 0.008520 ag.it.



EXFERIMENTAL DATA
TABLE I
Exp. 2a = 3Judden Enlargement.
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Time Prﬁ5=u;g diffe- Weight of Water
rantial
Test3eces mms' 2| IL. Kes. 1h5.
b 41l.0 El 0.089 9,180 A0.08
e 2a.5 &5 0.082 7. 230 15.90
d .4 35 0,118 3. 780 12.88
e 15.5 45 0.137 4.970 19,90
Exp. &b - Sudden Contraetion '
Time Fressure diffe- _
rential Welght of Water
Tast Secs. mm. fi. Egsg,. 1bs.
24,2 95 0. 318 10. 080 2807 ¢
b 59.2 58 0.199 10,500 23.100
c 4.5 85 0.115 4,800 10.2850
d F'E-ﬁ A0 Lls 131 Ja Elﬂ r||'1- e # 14
a 19.2 78 D adds 5. 880 9. 540
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RESULTS OF EXPERIMENT
TABLE IT1

Exps f#a = Budden Enlargement

Flow Hate Veloclties 3
in fps. Total energy Enargy lost
Test lb.ps. cfs, 3mall pipe larege Smsll large
pipe pipa pipe fo-1ba/lb

a 0« 396 000835 4.881 D« 233 14,78 14.71 Q.18
h D.483 0.00789 5.730 1.158 18.90 18.84 0.33
Q 0.578 Q0.00978 &,.Y80 1, 560 21.55 Ble31 0448
d 0.624 0.0100 7.330 1,465 83.83 22.89 O0.54
® Aasume energy lost per lb, = {Vy - ?212 ftelhs,
B
(Jee Binder, Fluid Machanies,2nd Ed., 1949, page 102)
(Also Daugherty, Hydraulies, 4th Ed., 1937, page BEl4)
Tabla IIT {Conttd)
Test Flow Rate Velogities Total energy Energy lost ©
in fpa. dmall Llarge
LB.F8. OCF8. smalil la?g& Pips Pipe
pipe pipe
a 0.3500 0.0081 GH.84 1.9 14,48 18.88 0.38
x| 0.300 0.0088 4.54 0.21 14,45 ld.54 0.20
g 0,297 0.0048 3,52 0.70 11,04 11.08 0.12
a 0.445 0.0078 5.27 1,08 la.48 ladgo 0.28

¥ Lssume energy lost per lb. = (V1 E YE}E ft=1bs.

B
(Sea Binder, Fluid Mechanics, 2nd Ed., 1949, page 103)
( Also Daugherty, Hydraulics,4th Ed., 1937, page Z18)
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Detarmination of Comparative Fressure lLosses in Hends.

{a) Short radius bend (b} Long radius bend.

This experiment is performed by testing & long radius
bend, 90° and 45° short radius bends.

The dasipgn of these parts is shown in Orawings Hos
an0l, 3002 and 3004 in dataill.

At each side of the bend there is one piezometric
connection with brass taps, connected to the manometer by
a rubbar tube.

All the sarts are made of galvanlsed steel., The ve-
locity ?Tﬁfilﬁ in a pipe hend is greatly diﬁﬁnrtad as a
result of censrifugal action. Thia dlstortion produces
diisturbances In the flow not only in the bend itself but
for a distance of about 100 diameter in the straight pipe
immedistely following. In fadt more than half of the anergy
loss produced by the curved bend takes place in this sectilon

A atralisht pino.  Ceesermm—edthiothedase te—ses ety
desendari—wren—tho—anelo—anbranded, The friction losses
produced by a pipe bend may be expressed as agquivalent to
an additional length of atraight pipe.

A coefficient for the head lost may be found from

h =K 782z

ar k = 2gh/V2
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For more information about the above equipment, the

mathod of teasting and result of the different tests:; 1

enclose & copy of an expariment” which 13 used in Hydrasulic

Laboratory.

Sequence of Operations

l. ‘Attach hose to manometer taps on short radius slbow.
8¢ Oheck that all other in line taps are ﬁightly elosed.
3+ Oheck Balance for compensation of Welghing Tank.
4, Check manometers for freedom from air bubblas.
S5« Darefully open valvez W3" and "0F and adjust flow
of water to give approximately. . mm differential on manometers.
8« On gignal from Timekesper start collecting water,
meanwhile contrelling valve "2" to maintain a ‘unii‘u;:m pressure
differential, Length of run to be as indicated in Table IIs
7+ HRepeat (8) I.-r:lthI[h].__-mu: (el _mme § {d) —mm
(el __ _ mm.
0. Mepeat Bxperdment on Leng Radius Send,
9, Oompute results as per Tabulations 4in Table IIL.
10, Make sketches th illustrate Bquipment set-up.
delerencas:
Binder 3 Pluid Mechanics = &nd Ed.; 1949, page 107
Daugherty; Hydraulics = 4th 2d.; 1937; page 228
Russsl : Hydraulios = Bth Ed.; 1942, page 203



TABLE 1 ~ DESCRIPTION QOF BENDS.
8. Short Radius Elbow: formed of 3 =lbows
I, r= 2 eme; 8 =4 oMy S5 T = 2 07
bs Long Radius Bend 3§ formed of one elbow

r = 1% ome
||

Nominal Pipe Diameter in inches 1.08, |

Aetual Area J.88828 B inea Oe posle EBOw 4 o
TABLE TI = EXPERIMENTAL DATR
g+ 3hort Raditis Elbow

delta BT T low
Time Weight of Water Remarks
Test mme TC. TR KEHs Lba.

20 D.0655 29 3. 750 B.25

S0 01540 2%.8 71080 5.885
8 na D.1043 Gd.4 . 280 18. &3
d "2 0.32360 356.4 7.800 17 « 40
a B5 0.87858 50 7470 16.48

. Long Radius Band

delta 0 Flow Welght ol Water

Time Hemarks
Test mme TT. Sacs. KEE. 16a,
a 3 d.0009 40,4 8,580 14.38
h v 0.0230 34.7 7.180 15,79
g D.0898 33.3 7.520 18.58
d 13 D.D423 22 S« 930 13.08




TABLE 11I - CAI

a. Short Radius Elbow

SULATED RBIULTS

41

Flow Hate Velocity  Equivalent
K# length of Remarks.

Testlb, ps. pfa fpa pipe In 1t.
a 0.285 0.00458 0.745 7.6 l19.4
b 0.532 D.0n854  1.390 9«8 13.8
2 0,532 0,00354 L.390 B.8 l8.8
d 0.478 0. 00767 l.252 2.8 24.56
8 0330 000529 0.Ba5 B. 4 B.00
be Long Radius Bend

Flow Rate Teloclty Equivalent

K¢ length of Hemarks
Teat lh.ps. ofs. fpa pipa in ft.
a 0«89l 0004668 O.762 1.10 2.78
b 0. 455 0.00732 1,197 1:05 2.586 .
] 0«453 0.00800 L.309 1,11 2Z.80
d Oe 594 0.00054 1.580 1.13 2.85
e D.705 0.0113) 1l.B23 1.07 E.66
* Assume hpy = delta H
# Use formila he = K ¥~
-3

Sea Blnder, Fluld Mechaniecs, 8nd Ed., 1949, page 107

Also Daugharty, Hydraulics, 4th Ed., 1937, page 285

Also Buasel, Hydraulies, 5th Ed., 1942, page 203.



Samplé of Caleulatlons

Ah = B0 = 0.0655"
iiii| id
W = 3.75 x 2.2 = B8.28 §
1 = B.88 = 0.835 #/sec.
- B
q=0.285 = 0.00456 of/ses,
BE.

v = % = 0.00458 = 0,745 Tt./sec.
0.00B12

E = h _z% = ﬂrﬂ'ﬂlﬁﬁ X 5, 4 e Tiﬂ
0.55
¥

L = 2D h = 2 x l.08 x 58.2 {0.0655)
== b ~ 1 x 0.030 {E%EE}

= 19.4 ft.

42
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Water Pumping System

The pumping installation was designed to supply
Hﬂﬁqr to a concrete tank or the Enginsering Building roof
for the Hydraulics laboratery use and to permit the stu-
dents to perform pump tests.

dn underground tank reteives rain water which will
ba pumped up to the rool tank.

A B x 2 inch centrifugal pump was chosen to deliver
50 Imp Gal/ min. with a head of 132 ft. The discharge pipe
is 2 1/2 dneh galvanized steel and the suction is a 5 inch
rubber hose.

A check valve and z gate v.;l";m ware provided on the
disgharge line and a foot wvalve at the end of suction line.
A plece of pipe 1 meter long 1s provided with a glu';u valve apd
a water meblar for testing purposes. Fressure gnuges are
hooked on both, the discharge and the suetion lines.

Water im supplied to the Hydrauliecs L&h-; Ghrough a
4 inch pipe. An overflow of 2 1/2 in was pr-*nvidu-:l in the
system to connect the concrete tank to the underground
Ganks miny e gitner

The pumpiis driven hrh diesal aingj.nea and by an electric
mafor. The installation is 5o made =& to permit any com—
bination of pumpf and drives.

Cne of the engines is a 10 HP with two *.rart?nal sylinders
and the other is a 10 HP with two horizontal eylnders.



Pulleys were designed to relate together the
diffarent speeds.

E‘Ii.‘ﬂi';:r belts are usad between the pump and the engines,’
&;tl.d V belt between pump and electric motor.

The complete desipgn of the water piping system is
shown in Drawings Nos. B0le, 3021, 3022, and S023.

flf'l:. is necessary to say that all the water which is
uged for sxperiments in different part of Hydraulic lab.
wWill po back to undergrpund tank to be used sgain.



The Eerr Canyon Project
far
Hydro-elsstric plant.

This project is designed by three of the fourth
Year students of the Enrineering Schools

As this project belongs to the Hydraulie laboratory,
Ijshall describe 1t in brief.

Walking from the Medieal gate dowm to Dr. Kerr's
House during summer; one sees a very scanty flow of watar,
running down to the sea; though during roiny season of
the year one is quite surprised &t the guantity of flow,
especially right after a good rain.

Tha purpose of this project 1s to utilize this flow
of water to generate electricityy, achleving at the same
time the following: *'

1, Making a hydro-electric laboratory for illust-
rating to engineering students the operation of the diffe-
rent equipments involved..

8. Utilizing the water condults and channels for
hydraulics exporiments.

B. ILipghting Dr. Kerr®s house during rainy season.

Hence the name of the project "The Kerr Zanyon Project™.

The starting point was to obtain the head of flow
which amounts to 43 ft. of average gross head and 80 cfm

ag average Tlow,



Part T

This part was performed by Mr. F. Kandalaft and 1;'
included the followlng:

‘1. lLocation of the dam, power house, channels and
pﬁdﬁtunka

B Hyﬁrggliu Bfu&r

3. Hydrf%lngiu'nﬁﬂdya
Fart IT

‘This part was psrformed by Mr. S. Khoury and it
included the followlng:

1., Structural design

2, Foundation study.
1 This part was performed by Mr. P. Habash and s
dncluded the following:

1. 3Selection of electrical and mechanical equipment.

2. layout design of the power houses

The power which zould be obtained sut of this pian
is 1ittle. But by this plan the hydraulic laboratory will
have a good part for engineering studants studies. -

Tocation, Hydréulogy and Hydeaulics.
Acspecial survey was ﬁﬂdu by a Becond Year group
and & contour map was drawn with 1 m. intervals on a
seala of 1:500.
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location 2-2 was chosen as it ylelds a capacity
of 14500 of while 1-1 yields only 7500 cf.

A clozed penstock was designed with & minimum of
horigontal and vertical bends from the dam to the power
house.

An 8" size penstock was selected § the efficiency of
which 1s 97 % It 1s designed to have & channel for hy-
draulics experiments and stream gagings. The normal velp-
eity of stream in the channel will be 2 fpa.

Floats,turrent meter and pitot tube messuraments can
:hﬂ-ﬂheqkad by 3 welr measurements,; which is designed to
te in the direction of flow in the channel.

A venturi metar 1s installed to check all the streams,
gaging experiments and to serve 28 a basgis for power house
efficiency calculation. -

Total Tlow per year will be 1,500,000 ef.

FART 1T

This part covers the structural design of the dam,
the power house, the penstaock and the canals,

The erest elevation of water iz 22.40 m. The water
stored will be about 14,500 cu.ft. The length of the dam
is sbout 52 ft. The type of dam selected is a solid gon-
crete gravity dam, the width at the top of the dam should
be sufficient to provide a walkway for a man to operats the

outlet works gate and the sluice gates. It is thus ghosen
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a8 J.3 ft.

The width at the foundation was found to be 13.5 ft.
Two cantilevers of 0,75 ft. in width project out of the
section at each side of foundation. The slope at tha upe
gtream face 1g 5.05 % and at the downstream face it 13 0.51 &
The depth of foundation below ground is assumed as 3.5 ft.
Bars in 8, 14 and 12 mm will be used for reinforcement.

A 15 x 15 in shear type gate is used at the outlet of tha
H&ll&muu:ha; 8" work pyes The gate is:Enfbrcnﬂ with plates
monolithically rabricated with it.

Ganals.

The two sectlons of the ganal, the rectanmlar and
the trapezoldal, are to be constructed of reinforgad con-
erate.

PARY 11T

Tha following three hydraulic machinery are to be
tngtalled b

L. Af2d) in. Pelton wheel, with hand oparated needle
nozsle, produced by the Pelton water wheel Co.,U.S.A.

2. A 4 in Frangis turbine laboratory modedl; pro-
duced by the Rodnay HE;t Mnchine 0o.; U.S.A.

3. A hydrauliec Ram, whizh was not selected, hut
space was provided for it in the power housa,

4. A 3 Eva alternater produced by the Wetropolitan

Vicbers Eleetric Co.; England.
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Bs A switch board, wvalves, & venturi meter, a
surge pipe and all necessary piping and fittings.

Powar House.

The power house is an ordinary masonry building
7 x 3.5 m« The machinery is spaced quite apart from each
other Hitﬁ a minimum clear distance of 3 ft.

The way the plant i1s functioning is as followst
Water coming from the penstock is directed to eny of the
three pipes by means of a 3 way cock valve, which directa
the flow in one direction only and automatically closes the
remaining outlets: In so doing safety of the machinery
is sacured. The three outlets from the cock valve lead
to §

1. Felton wheal 1s, herely, Lhe ronrner sel in a
horizontal position starts rotating and by means of 'ﬁ
belt this torgue iz transmitted to the generator.

Z. The segond outlet leads to the Francis turbine
whizh duplicates the function af the Falton whasl.

%. The third outlet leads to the hydraulic ram
whera water is pumped baek to the resarvoir by the use of
water hammer.

Defore the thrse way cock, thars io a by-paoss which
leads the water Lo the t:ﬂihﬁr*-;lé'laf;“!hmﬁ whanever a wheel is
running and 1s o be stopped there wlll not be a sudden

load on that machine, for the by pass releases this preasure.
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For more detailed information, pleasa reier to
the "Herr Oanyoun Project® sxecuted by MessBro Mebash,

Khourl and Eandalaft.

LT ENDATION
The diflerent experiments that I have set up 1n the
Hydraulic Iaboratory werse not anough To make of this lab-
gratiory & complete one. The time was too short for suech
an elaborate Jobi I would ldke, however, Uo recommend g
few more sxpariments which will supplemsul Lhe existing
80t up and Whieh 1 belleve will halp Lhe stufent to get a
wider knowledpge in Hydraulis work,
Bguipnentt{6r Bxperiment of Inergy of
Llowlng water. .
{1) A cylinder fitted with a piston 18 shown in Tigure 1.
and supplied with water from an ovérhead tank, 4n which
the level is muintained constant. I the piston 1z allowed
Lo move outwards slowly, work will be dore by the water
preassure on the plston overcoming the exterhal resistanoe
acting on the water side of the plston ur on the piston
rods A spring is attashed at the end of the rod to limit
the platon travel. A meantof reading the distance travelled
by the piston should be prnvided-lti':___-:hl
Work = P AL ft.1b,
P = fluld stress on piston psi H

A = area ol piston in®

L = The distance the piston #n}{ WYYV
moved ft,




The work haos been done at the expense of the
energy of the water.

{28) Float Gontrol Indicators for Open Shanuwls

This inatrument shows the various pargsntags ratog
of discharge in open channels.

The mechanlcal parts of the lastrugment gre shown dn
figure % a float chamber, a floagt, & translating plate,
gsome rollers, a'chart drom and g recording pan. Quite
gtraightforward mechanical translation devices are found
sultuble. A plate moving up and down wlith the [loat Is
shown o Digure 8f lbs worklng elge belng cut to the re-
gquisite profile te impart the correct motion to che roller
which is maintained in contact with it.

In order that the flow may be Iintsgraled, the :;ar"
{abla movements of the Tloat for given increments of dis-
charge should be so modified that the recording pen should
have wyual incrementss This shows the comparative move-
ments of the {loat and of the pen fur yvarious peresntags
rates of discharge.

{3) Straight channsl conditlons with differemt cross -
section and different materials such as irom gheet - con-
crete - asphalt = wnod - ‘etit... And also in dirsction of
this channel some bends, in swall acale.
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{4) A model of two open channel when two streams

€ro8s oach other.

(5) Baperlments Tor paths of water particles moving in
laminary flow around varlous obstagles,; ln opsn channels,
(6) Experiment of siphon by different materisl such as
metals and concrete.

{?} Experlment ino Lhe Bydraulle press wlth two difTerent
welyhls pnd plstons as shown dn Dlpare.

{8) Experiment for & rotatlon body of llguid by means of
contalner rotatlng about & vertical axis with constant
angular veloelity.

(%) Experiment of Clow in parsliel pipes.

110} Experiment of veluocity ln plpes by weans of Titot tubes
{11) Experiment of pumps; such as Vane pump, rotary pump,
and some other types of pumps., '

{12) BExperiment of turbines by different types of labora=

tory modela.
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