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Static Pressure in a Water Column

objective

To demonstrate the relationship of static pressure hesd in
fest of water to pressure in pounds per squar ¥o5t, @3S meastured by
3155, conversion of head in feet of water to
fous fluids will be illustrated.

Theory

The static pressure in a column is givan by the eguatien,

P, 1B/f

H
where,

5 = unit weigh
H = the head i

© of water, 62.4 1b/ft?
r feet of water

4he static head in fset of water can be converted fo fset of
any other fluid by the equation,

H = phn
the head in feet the £luid

fhe spacific gravity of the fluid
thke head in feet of water

nen air punped into the column, the pressure read at cach
tap ic the prassure of the vater column apove It and the pressure
of air. To compute the pressure of air pumped in, deduct
O eeavre of water read wher the column vas opsn to £he air froa the
Sesure read after the air has besn punped into the columm.

Equipmedt

A 6 fest water column with pressure taps at regular intervals,
iy pressare cauge rated O to 15 pounds per squars inch, and 2
folding rule graduated in feet and inches.

Procedure

1. Fill the hydrostatic column to within one
water (between pressure taps #1 and #2).

2. yoastre the pressure at pressure fap #2 using the pressure
gauge, and racord it.
3. Messure the neight of water from the surface of the water to





[image: image2.png]tap #2, ard record it.

4. mepeat steps 2 and 3 for pressure taps £3, #4 and #5.

5. Seal the column and puzp in aix into the column.

pressure at the each tap.

pata and calculatiens

Measure the

Convert the pressure geuge reading from pounds per square inch

to potnds per €
Co1omlate the helght of water in feet by using the
oressure. Compare with the measured height of watex i
Tha recora the parcentage error, if tany. also,
calculated height water into
mercury and oil by using the
experiment. Corgute the air pressura as
theory.Record

deser

ware foot by multiplying by a facter of 144,

equation for
n the colusr,
convert the

feet of other fluids such as
equation from the theory of

iked iu the

the data in & tabular form as shown belcw.

@

prassure | Measured Measured |'5 | cal. Et. |cal |
Tap # pressure xE. s |ft. or  [mE.
psf fe. of £, of r |Eg(s.q. |of
(column | water water r | 13.5) oil(s.g |
epen to o .
atmes- M 0.826)
phers)
. \ | .
L= | ,; \
= 8 - —
| pressure Tap # Mezsured Measured Pressure of i
‘ pressure, psf | pressure, pst | air in coluza |
feotnan open | (with air 2y - ) |
! to puzped in) pst
atmosphera) 2) i
: . )
| 2 | |
3 \ [
i |
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Hydrostatic Pressure on Submerqed Surfaces

objective

To investigate the validity of the formulas for resultant
force bn, and position of center of pressure on, 2 vertical
rectangular surface.

Theory

mhe moment due to the hydrostatic pressure on a partially
subnerged surface is given by,

M, ¥ewton-metera = (1/2)gpby’{a + & - (¥/3)}
where,
the acceleratien dus to gravity, 9.81 n/s?
the density of water, 1000 kg/m
The width of the rsctangular submerged surface, 8 cm
¥ = the neight of water from the water surface to the botiom of the
Submerged surface
S - ene distance from the top of tne submerged surface to the lever
arm, 14 ¢m
@ o'the depth of the submerged surface, 10 cm

The mement due to the hydrostatic pressure on a completely
surmerged surface is given by,

M, N-m = gpybd{a + {d/2) + (&/12y}}
waere, -

vy =¥ - (472}

Ihe balancing moment provided by mass added to balance pan is
given by,

M, N-m = mgl
vhere,
the nass added to the balance pan
the distance from the Knife-edge
nsion rod axis, 30 cm
page 42 for derivation of eguations)

xis to the balance pan

: In the cass the ractangular surface submorged o its
h. that is 10 em., the partially submerged equation should be

& to compute the moment.

Equipment

drostatic pressurs and center
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- 1

dure

Fi1l the apparatus with water till the water surface is just
in contact with the hottom of the xectangular surface.
Balance the bubble on the apparatus to its center.

Increase the height. of the water hy 2.5 cm, and balance the
pubhle to its center by placing mass on the pan. Recerd the
255 placed in the pan.

Repsat the above step for partially subnerged cases with water
height egual to 5 cm, 7.5 cn, and 10 cm.

2lso, repeat step 2 for completely submerged cases with water
height egual to 1 cm, 2 cm, 3 cm, and 4 cm, above the
subrarged surface.

pata and Caleulations

Compute the moment due to the hydrestatic pressure for both

the cases using the appropriate formulas.  Also, compute the
balencing moment obtained by adding mass in the balance pan. The
two moments should be nearly equal., Tabulate the data as shown
polow and record percentage errer, if any.

Partially Eyarostatic rass added | Balancing 5
submerged moment to balance | moment error

- —

¥

=2.5 cn

= 5.0 cm

< |

7.5 em |

¥

Ti0.0 o \

completely
submerged 1

b4

Che | [

y-zon | | |

v =15 en |

14 cm
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objective

To determine the coefficient of discharge for flow neasuring
devices such as the venturimeter and the orificemeter, in closed
o Sits. 2lso, to measure the velocity through 2 pitot tube, and

verifying the continuity eguation.

Theory

For an orificemeter or a venturimeter, the thearetical rlow is
given by,

o, /s = 2, {1 - (a2t

where,
b = the area of the measurirg device opening
52 the dismeter of the messuring device, for the orifice = 20 mm,

and for the ventura = 14 xin

4, = the diameter of the pipe = 24 mn

the acceleration due to gravity, 8.81 n/s?
the differential head in meters of water ryead from the
fanometer (see page 44 for derivation of the equation)

mn

Note:

1) If a mexcury (or epy other fluid) mancmeter is used the formula

for converting the head to meters of water is,

H, & of water = {{p./p) - 1} D/1000
where,
S ipecific gravity of the measuring fluid, for mercury
7= specific cravity of the flowing fluid, for water
o ~ the aiffercntial head in mam of mercury

2) The actual flow, @, is defined as,

Q= cu
where,
0. = the theoretical flow given by the equation presented above,
derived using Bernoulli’s eguation. .
Ci = the cosfficient of discharge of the measuring device, for tn
orifice = 0.62 and for the ventura = 0.93.

For a pitet tube

velosity of flow is given by,

(2112

9.8l nfe’





[image: image8.png]tne differential head measured across the pitot tube.

he continuity eguation relates the actual flow rats to the

velocity as,

0, W/fs = AV

where, iy
A = the area of the pipe (nd*/4, where d = 24 nm in this case)
% the velocity of flow as computed ahove.

pquipment .

Juid friction apparatus, stopwatch.

Eguinment Sketches
Fluid friction apparatus
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24mm

Merecry

Pitot tube

Piezometet 1wbe

Procedure

Prime the pipe network with vater. Open the appropriate
Valves to obtain flow of water through the measuring devices.

2.  Measure the actual flow rate using the volumetric tank to
reasure a known volume of water for a specific time measured
by a stopwatch.

3.  Measure the differential head across the measuring devices and
the pitot tube using the mercury manemeter or pressurized
vater ranomcter as appropriate.

teps 2 and 3 for varying flows tnyough the meesuring
and the pitot tube.
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For measuring devices

calculate the theoretical flow for each trial using the
formula given.  Since the actual flow is measured using the
volumatric tank (@, = V/t, where V is volume in m’, and t is time in
ey compute tne coefficlent of discharge for each trial.
N dversge of the values obtained for the trials for Loth the
Take an it enould be equal to the published velues fox the

e o ue iven abave. Tabulate your readings for sach device as
“shown below.

Diff. | Diff. | Theoret <y
nead |head | =-iczl i
nm of |m of £lew, 0 @/ |
Hg water n'/s

!
P

Average ¢
% error from published value

In the formula for theoretical flow, all-the Texms exce|
in meters of water) are constant. also, 2s H, In meters of wa
a comversion from D, in mm of Hg, the theoretical flow is

e

s
opendent only on the aifferential head read off the rercury
menometer. The eguation canm be raduced to,

DM
where,
K = A1l - (d/¢ 34y ‘1[(2g/10D0)12.6]‘c (x, for orifice = 2.17 x 107
and for ventura = £.1d % 107)
D = Head in mm of mercury

charge

etical flow,





[image: image11.png]where,
X = ciy

A gragh, with differential head inmm of Hg on the X-axis and
the actual discharge, Q. in o/s on the Y-axis, is plotted on 2 log-
log paper. It should be 2 ftraicht line with a slope of 1/2 or
0.5, and 2 y-intercept equal to "K' for D =1. An equaticn for the
actual flow can thus be Tepresanted by the graph.

For pitot tube .

knowing the differential head across the pitet tube, compute
tne velocity using the equation given in the theory. Compute the
flow rate, knowing the area and the velocity, and compare it with
oY ctual flow rate measured by using the volumetric tank. They
Chould be neerly cgual, thus verifying the contiruity eguation.

rHxi.al # piff. head, velosity calculated Measured { % erroxr *
H (n ofH;0) m/s flowrate flowrate
o’/a i /s
L | [ | |
2 | [ | l
5 | | i |
P ] | ! |
(P ] | \ \
[ e | [ | ]
- | | | ! |
. | [ [ { i

11
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Friction TLesses In Gmooth Pi

cbjective

fo confirm ths nead loss predicted by the pipe friction
cquation assosiated with the fiow of water through smooth bors

pipes.
Theory
e For & circuler p owing full, ta

fricticn is given by,

¥, in o of water = fivi/2qd

wners,
£ = the

riction facter

ngs, Im for ¢ll pipes

I = length of pipe betw :
v = wean velocity of wat g through the pipes, given by the
contirmity equati © = the actual flow rate and A
= the area of the p
accaleration 81 w/e?
for pipe 1 ~ 4 mm, for pipe 2

equation,

/=

v, 1.02 x 10° w/s at 20%c

the differentia
equation devalc
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Data ana caleulations

aving computed the actual flow rate using the
2velaped for an orifice, computs the velocity using tha continuiey
equation.  Compute the Reyrold’s numer using the equation
presented in the theory. caldulate the fricticn factor knowing ©
head loss in the pipe by using the equation for head loss.

¢he cata as shown below for each pipe.

Trial# | D Actual | Area

veloc- Measured
orifi | £low of ity, v Hy, head z

I -ce Q,, m*/s |pipe m/s loss
Em of | = 1.34% EY in pipe

I ¥g | 107D @ i

-

from the graph.
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y
I

cbjective
Friction

o determine <the relationship betwsen
threugh a

efficient and Reynold’s number for the flow of
ened bore.

c
pipe having a roug

Theary

For a circular pipe flowing fell, the head
ction is given by,

K, in n of water = fIvY/2qd
wherz,
the friction fa
1 = lergth of pipe between t.
¥ = mean velocity of water flowing ghrou
continuity equation, v = QfA whers, ©
the avsa of the pipe
= to gravity,s.si n/s
the roughened pipe, 15 wm.

tor

pings, im for all pipes
gh the pipes, given by the
the actual flo 3

- and A

acceleration dus
internal di

1, lass than 2000), the
Peynold’s number, but
is dependant on tha relativa ro
between the Lriction
pulent zonz iz ci

o
(£/3)
and the relative

whare,
friction [





[image: image16.png]Procadure

rork with water.

1.

btain the flow rate by neasuring the differential nead zcros
ix, and by using the cquation developed from the
graph of actual flow rate vs differential head as dsveloped in

Experiment 3.

o, obtain the diffsrential hesd zcross the
tappings for the roughened pipe.

2 and 3 for varying

pata and calculations

eguation

Having computed the actual flow rat
developed for an orifice, cempute the velocity u
equation. compute = Reynold’s rnusher
Zenfed in the theory. Calculate the fricijien Factor knos
in pipe hy using the squation for head
calculate th sive rough of the pipe using tha
given in the theory. as shown below.

-

o

A S





[image: image17.png]paper, with velocity, v on the X-axis 1
2 y-axis, is plotted. It should he a straight
equal to 2{since the egquation for I, can ba
K = £1/2gd). Also, get the value of H,

L = X). Thus an e
from the graph.

2. & greph on 1
Leadloss, Hy on t
line with a slope
written as H; = K v}, where
for v-1 (in the eguation above for W
in the form of H, = K v* can be develo;

Eguipnent Sketch

uid friction apparatus
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[image: image18.png]objective

fastor (X) asscciated with flow of
sed in plumbing installation
he fitting

To deterrine the fitting
water in standard fittings u
Xnowing tha head loss acress t

ThesTy

in pipe fittings is proportional to
flowirg through it, and is given by

Headl
of tha f£iu

., in m of water = Rvi/2g

where,

¥ = the fitting factcr

v = the nean velocity through the pipe, Q/A where Q
discharge and A = the area of e (d = 17mm for all f
tha acceleration due to gravity, 8.81 m/s?

g =

2n apparatus, sTop watch

MEACUAY menCuETis





[image: image19.png]Procedure

prime the network with water.

obtain the flow rate by measuring the differential head aczos
the orificem=ter, and by using the equation developed frem the
graph of actual flow rate vs differentizl head as devalcped in
Fxperiment 3.

H

reai across the

also, obtain
tappings for e

Repeat steps 2 and 3 for varying flow rates.

pata and Calculations

Faving comprted t! vel flow rate using th Juztion
developed fo ice, cozpute the city using the cortiruity
equetion. ths fitting factor by using the sguation
pressntad ory for mach reading. It should bes the neaxzly
cqual to t rotes). Note errar, if any,
from publish the resalts for each fitting a3
ehown bslow.

Trial |2actual rea | Velocity
| # fiow, O, of n/s
b EVE pipe
i B
i
il . .
e | !
4
Tl - A
) - -
e L .
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Flow Characteristics in_Open Channels - Rectangular overshot Weix

objective

To study the characteristics of flow in open channels using
the sharp-crestad, suppressed rectangular overshot weir as o

measuring device.

Thecry
The actual flow across a ractangular suppressed weir is given
by,
Q,, m/s = C(2/73) (29) VLEY
€ = 0.611 + 0.075(E/H,)
wheve,

C = the cosfficient of discharge
the acceleration dus to gravity, 9.81 m/s?

9

L = tne length of the weir, 300 mm

H the height of water (h=ad) over the weir
H, = the height of the weir, +5% mn

-~ 232
Equipment
tilting flume, ractangulac
and hock ard pe

selt
flow

Ezuiorent
overshot wair
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[image: image22.png]Procedure

1.  Eneure flume iz level. Position the rectangular weir, and
introduce water until it is just about to discharge over t.
weir plat; Pogition the hook and point gauge asseably to
zero when the peint coincides with the top of the weir plate.

Let the water discharge over the weir plate, and neasure the

2
height of the wster over the plate by the using the haook
gauge,

3.  Set up the Zlow tote device in the charrel. It is a computer
setup, an? prints cut the actual flow, velocity, and head in
the weir. Note the flow.

4. Repeat steps 2 and 3 for varying flows.

Data and Calculatiens

Compute the cosfficient of ¢ischargs and the actual flow using
tha equations presented in the theory. Compars the calculated flaw
with the measured flow cbtained from the flow tote assem
note error, if any. Tabul the resdings as shown helow.

1y, and

# |Head over | Coeff. of | Calculated | Keasured

" | weir, H(z) | discharge | flew, O, flow(flow
c n'/s tote)
- w/s

F.
T

N

Graph

corste
be expre
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a slope of

= 1.

® ...
K = C,.(2/3) (20) D
2 graph on log-log paper, with H on the x-axis
It should be a straight line

Y-axis, is plotted.
1.5 and a y-intercept eguzl to the value of "K" for H
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Flow Characteristics in Open Channels - Trisngular weir

abjective

To study the characteristics of flow in open channels using
the sharp-crested, contracted triangular weir as a weasuring
devie

The actual flew across a triangular weir is given by,

0,, m'/s = c(8/15) (29) " [Tan(0/2) 18>*

the coefficient of discharge, 0.60
the acceleration due to gravity, 2.81 m/s?

the angls of the triangular weir, 90° in this case.
the h2ight of water (head) over the weir

Equipment

Self-contained glass tilting £
7), triangular weir, flow tote as

ure (sketch zs in Fxperiment
1y, and hoox and point gauge.

Eguiprert Sketeh
Centracted triangular weix

Procedura

1.  Easure fluws is level. Fosition the triang
introduce water until it is just about to dis:
Fosition the hock and point
wicn the





[image: image25.png]the weir. Note the Flow.
4. Repeat steps 2 and 3 for varying flows.

setup, and prints out the actual flow, velocity, and head in
pata and Calculations |

Compute the actuzl flow using the cquation presented in the
thecry.  Compare the caleulated flow with the measured flow
obtained from the fiow tote assepbly, and note error, if any.
Tabulate the readings as shown below.

7rial # |Head over |Calculated |HMeasured % |
weir, H{m) | flow, flow(flowtote) | error ||
/s n'/s ki
1 -
P2
3 | - ‘,J
4
| 4
7 - § i
8 L L L “[
Graph -

In the eguation for actual flow all par
) are constant. Ths flow

over the wei
empiriza

xis, is plotted. It should be a straight lin= . a slope of
n intercept equal to the valas of "K' for ¥ = 1.°

25
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Open channel Flow - Validity of Manuing’s Equation

objective

To examine the validity of the Manning’s equation for £low in
sloped channels, and determine the Manning’s roughness cosfficient

Theory
¥anning’e eguation gives the velocity of flaow or
closed channsls with varying slopes as shown below,
v, in m/s = (1/m)R0IS
where,
n = tke roughress cosfficient of the pigpe
R = the hydraulic radius (m), which for rectangular charnels is

of the channal
e channel

3n0mm and

give by, bd/(b+2d) whore, b =
d = the desth of warer flowing in ¢
5 = the elepe of the channel

Equipment

Self-contained glass tiltirg flume (sketch
7), flow tote assenn
Procedure
1. Ensure the cpen channsl is af the

experiment

- end of the channel by 1% and

2.
channel.
3. and depth of water printed out by £low
2, an,
v dius,
e squatior
wown. It

R

b
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Trial # |Velocity
m/s

depth of
water, d(m)

Hydraulie Roughness
radius, R(m) | coefficient, n

o

[N N PP NS PN
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2ad av.





