CHAPTER III

EXPERIMENTAL APPARATUS AND PROCEDURE

3.1 Apparatus

Several methods of obtaining laminar flow in a duct are

available; for example, e use of a small duct, a low velocity,

or a highly viscous 1 irst choice was not acceptable
because of the ext & in placing pressure taps in the
duct wall. Thg _secon icft-n%ut use of the third, does not
create suffi ‘

7 N a short length of duct which
can be mea Al S C » her hand, most fluids with

property on t Ature, “requiri ery accurate knowledge of
the temper i r Eoflo meaningful results. For thls

ing fluid.

Hagen } ,‘fy=qu&_¥‘ indicates that, for constant
Reynolds number =;fu'§9‘a drép in a duct increase with

increasing density, tant density, pressure drops

B , :
wvhich are meas th ‘& & romanometer therefore can

be obtainédd=is

‘fg'ling a flow through the
test sectiomn: 9y using the apparatus shown

schematicalky in Fig.3.1b. The apparatus employed to 1nvest1gate

the flow charefctbrlstlc in %én cte allel ducts was a
close—ﬂruxgi‘,]}m&% gi;WwQ Hs‘;e working fluid. The

essentifl components %Pcountered along the th of the flow

bW NOIRIA N ﬁamimiicie"ii;’p”"“

rectangular duct test section, an exit section, a rectangular-to-
circular transition section; a tank-on-scale, a reservoir and a
centrifugal pump with filter. A gate valve located downstream of
the rectangular- to-circular transition section was provided for

control of the flow rate.



Flow System

To obtain a steady flow, two constant-head reservoirs are
used. These are simple overflow devices kept at fixed heights.
A diagram of the flow system is shown in Fig.3.1a. The flow passes
from the upper head tank through the hydrodynamic development
duct, the curved duct, the entrance duct, the test section, the
exit duct and the rectangular-to-circular transition section to
the gate valve, which serve flow resistances. The overall flow
rate can be changed (by fu%&jz e gate valve) without changing
the positions of the thant—&nks. The flow proceeds from
this gate valve to.hhe_seconi taﬂkr—nhtch is placed on a scale.

With the valve b nk an dxaﬂmhreserv01r closed, the
men amount™of fluid indicates the

' in ‘thelduct. When weighing

ge 18 Open and the flow proceeds
5

raturns the fluid through

time necessary t
mass flow rate a
measurements are
to the reservoi
a filter to the fi

iy

'

Fig. 3.1 General view of apparatus
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» Fig.3.1a Schematic diagram of the
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Entrance Section and Exit Section:

The key component of the apparatus is the rectangular duct,
a schematic diagram of which is presented in Fig.3.2. Two ducts
were employed during the course of the experiments, both of which
were of the same general construction and dimensions. The top and
bottom walls of the duct constituted the long sides of the -
rectangular cross section. The duct axis was positioned horizontally
during all experiments. The ducts were fabricated from flat plates

of plexiglass that had b ully selected for straightness

nd transparent prop 1ls of the duct were 1.0 cm.
thick. Prior to fabf§====b ’Jﬁl ﬁes in contact with the

flow were cleaned

Six walls rally distributed along

the top surface. for the taps were 0.25 cm.
diameter. Particuls as=taken i lishing the wall in the
neighborhood of

apart. Inspectio fedc ‘Lﬂ§‘> a magnifying sight glass

Both entran s .“Jl,'izf:', s are 122.0 cm. long, and
have internal cross sec%%ﬁ%ﬁi ions of 28.4 by 2.0 cm.
(equivalent dl%ﬁfter ;_3:?h 5&&4 'h Fe, in terms of the

equivalent dla;“~ff——~~:—75"~—"~—““-~ bW sections are 32, with
tablished that the

| X
length of run x?;rrequlred to achieve hydrodynamically developed

nepme et icat 1L 4 )

= DpRe = Dp] d......(3.1)

o w@maﬁ NS AL UR AN IR

propor 1ona11ty may well be a function of the aspect ratio but

the aspect ratio~be

‘to an extent that has not been heretofore established.

Hydrodynamic Development Section:

The hydrodynamic development section was of similar
construction and dimension to the entrance and the exit sections
except that the length was 82.0 cm. or 22.0 in term of the
equivalent diameter. However, there was not pressure-tappings

provided along the section.
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Fig.3.2 Schematic of entrance section and exit section



14

Test Section:

The test section, which formed the heart of the apparatus,
was designed and fabricated in the same way as the entrance section
or the exit section, was provided with a slat-type blockage to
form entrance constriction. The length and thickness of the
constriction can be varied by unscrewing and changing a new plate-
type as required. The blockage or constriting elements were

fabricated from a plexiglass sheet, with a width of 28.0 cm.

w in the schematic side view of
. % %.1b. Certain dimensional
ments are listed in Table 3.1.

aa ratios of 2/3, 1/2 and
at or plate length L

Some of these features c¢
the constriction eleme
characteristics of
For each of seven_
1/4 respectively,

(relative to the the thickness,t. Water

!

was delivered to t ong hydrodynamic
development len

length and the te

ength. The entrance
‘ and horizontal, as
was the exit lengthfsifuaged downgtncam of the test section.
These components wer

by 2.0 cm., with le

nal cross section 28.4
nt diameter. The mating of

the sections was accomﬁﬁi@ﬁh i by #ieans of flanges.
PR

short vertical "sid
half or 1.0 cm.

s séction was reduced by
he tl‘&:kness and length of
onstrlctlng plates were also rﬁyuced by half, while the aspect

rotio of fﬂ wHQRBAITIINT

ure taps were 1nsta11ed both upstream and downstream

Zieiﬁﬁ’?@\m TN

will be evident from the pressure distributions to be pressented
later. Since the most rapid pressure variations were expected to
occure just downstream of the constriction, the taps were
concentrated in that r?gion. After the pressure taps, which the
holes for the taps were 0.25 cm. dia., were installed, the bores
were carefully honed to remove burrs. The pressure signals from
the taps were conveyed fia 5.0 cm. dia. plastic tubing to inclined

multi-tube-manometer and to a pressure selector switch, where the
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output of the switch was sensed by a micromanometer with smallest

scale reading of 0.02 nm. HZO’ for marginally pressure difference.

Painstaking bleeding of air from the system was required
as a prerequisite for a successful data run, and numerous bleed

valves were installed for this purpose.

Table 3.1 Characteristics of the constricting elements in the

test section.

-
Flow -‘2&& : . -
£5X ¥ T SSET< , -~
t i ; . &

by = e/l A ;a\‘{: W ‘(28.4 x 1)/(28.4 + b)
g = b/a &Sa'é’, T 1
Thickness, t . é‘g}%
g /3% ff*j” /2 1/4
t | £ 7 ' 0.75
Length of the cormrictlon ements, L m
¢ v
0 14 B Wﬂqﬂi N
100 a2s5k.7
Qq"gg AN ﬂﬁ‘m NMW%VIEJ'] a;y:}
25 63.67 48.3 2k.57
o 19— 25.47 19.3 9.83
5 12.7% 9.6 L.9q
. 2 5.09 3.9 1.96

All dimensions in centimeter.

009760
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Head Tank:

The detail of upper constant head tank, dimensions of
which are 30 x 49 x 30 cm?, was shown in Fig.3.3%. The head tank
was fabricated from plexiglass with 1.0 cm. thickness. There was
a partition plate (1.0 cm. thick.) for overflow of water, thus
forming a constant head inside the tank. This overflow was drained
through a 2.5 cm. dia. hole which was connected to a PVC ripe at

the reservoir. The water'entering

//} tank via a plexiglass duct.
7Z.,
T ——

the bottom of tank enroute t-

test section was delivered

was a 2.5 cm. dié.

the inlet pipe of

Curved D

A 90 degufe £u 7 %ﬁg,f~ gL X dct was fabricated from
-ad 0f curvature. The top
ére 0.3 cm. thick, while

as fabrﬂ}ated from plexiglass
sheets with the clfcular part m d of PVC pipe. At the downstream

end of the ? ﬁw?ﬂ ﬂ h foam rubber which
served to d@ﬁﬂ It he gradual decreasing in
rectangular shape was of the order e, %o, the downstream
s AN H WAL EPTRY

Multl tube-manometer:

The recta guia

Twenty glass tubes have been used to measure the static
pressure of a fluid in motion when the velocity is undisturbed.
All glass tubes are about 50 cm. long. and 0.5 cm. inside diameter.
The back plate of manometer can be tilted to an any degree as

presented in Fig.3.7.
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Fig.3.h4 Schematic of reservoir

All dimension in cm.
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3.8 Micromanometer

Fig.



2(

Micromanometer

_ instrument was designed ang construte

in the Department of Mea o o8] Engineering's Workshop. In essenc

the micromanometer 4: lecting concentric U-tubes as
——

gted using the Principle of the

~~XK:% quids [22] y immiscible in each

other and nes igi-, a large gage difference on

U-tubes ma : Ll pressure difference. The
liquids are wht 2 andd in ) with specific weight of 1 anq
1.022, respecifiv

is exhibited

scription of thig manometer

Others

#
There are &:

Centrif

2 , 1
The/Specifications .. 58, 0.5 H.P., 220 Volts,

2.5 Amp., EQEEO 3 2850 rpm.,ﬂl.o in. dia. (inlet and exit)
( ADDA Co. LTD,)

RN NYINT

BADU Schutzfi}ter”, with, filtratioMij to 20 micron, &

AN T TUIRINE R

echanical Scale:

The range is 0-10 Kg. with 10 gn. resolution (Beyyel Co. Ltq.

Thermometér:
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3.2 Procedure

The flow characteristics through the duct without
constriction was first investigated. The assembly of apparatus
was as shown in Fig. 3.1. Prior to starting the experiment, the
inlet valve was completely opened while the outlet valve and
the by-pass valve were closed. The centrifugal pump was next
switched on after filling water into the reservoir. The oﬁflet
ﬁ,& flow of constant head tank took
’,l' ct system was done via
es aé&fe was eliminated, the exit

valve was fully opened

place. Bleeding of

numerous bleed va

valve was closed. ter and micromanometer

which were connhe the duct and across test

duct respectively zero (with reference to

atmosphere fo ter). Then the exit valve
was gradually o meter registered a 2 mm.

difference. Dats ss the test duct were

taken for a rarnge rom 300 to 4000Q. The

following observ

(1) Flui

CrIe

(2) _Pressure dropac

Time u # minute -fter@}ach new adjustment, was

allowed to insqu‘gfeady'condiaﬁon before taking data and

observati f}w ' iztﬁTj?tﬁE procedure was repeated
step by ﬁuﬁl engj ngn e 1limit of manometer or
maximum pump capacity. The running=ef overflo luid from the

R R A SR SN B rue, snrmrig

thata constant head fluid was entering the test section. The

experiment was then completed for flow through the test duct of

360 cm. long without constriction.

The test section was then modified to become a duct with
constriction where ¢ = 1/L4 and L/D, = 100. In order to use a
single micromanometer, a double-chamber manifold system was used.
Each pressure-tap line was connected to a tee connector-one leg

of which being connected to one manifold and the remaining leg
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connected to the other manifold. This arrangement allows measurement
of the pressure differences between any two taps as well as

checking for leakage and relaxation times of the instrument. All
lines from the pressure taps to the tees were of minimum and

equal length to minimize and equalize the relaxation times, which

is important whenever a new reading was to be made. This was also
true for all lines connecting the tees and the manifolds. The

entire system was checked carefully for leakage before any data

with constriction were carried

out successively using.simil: ure as the previous case but

it was perhaps more.difficu :ﬂ====!e axial pressure distribution
. - —_— — . :

along the constriction.é : -region, axial pressure

distribution was ob ed b sasuri g.pressure differences
between an entragge ‘ Jap --e\gkf\\\gxgm. from the test section
inlet and successivefia situnted along e duct. After reaching
, i “, 0cedure, readings at
remaining stations glege A — ri-‘ pect to taps already
referenced to the rahce;duct his manner, the readings of
presure difference : and all tap locations on
the duct were obtaingd measurements were made for
each run by using var%gﬁﬁg” tap combinations to serve as

a check. By thelvav enfioned, tests with

constricted }vl—h—:---—,;-,—mm o - ; tabulated in

Table 3.1 were y.EI
AUEINYNINYINT
PRIANTUIMINGINY
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