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RETROFITTING VISUAL-LIQUID-FLOW-LABORATORY TRAINER FOR FLUID-MECHANICS
STUDIES: A BENCH-S5CALE-PROJECT INNOQVATION.

‘George C. Oguejlofor and *Tochukwu O, Nwokeocha

1. Department of Chermnical Engineering, Nnamdi Azikiwe University, P.M.B 5025, Awka,
2. Department of Industrial & Pruduction_éngineering Nnamdi Azikiwe University,
P.M.B. 5025, Awka, Nigeria.

Abstract

"Phe strive towards teaching equipment sufficiency in the Faculty of Engineering, Nnamdi
I Azikiwe University, Awka,Nigeria motivated the retrofitting of the viable teaching
equipment constructed by engineering students. In this paper, the visual-liguid-flow-
labaratary trainer is described. Also, the teaching capabilities of the various campanents of the
test-pipe of the trainer are carefully reviewed with regard to fluid-mechanics phenomena, The
velocity-hesd and equivalent-diameter approaches are available for the retrofit-design
calculations, This wark employs the velocity-head approach as the computations will show,
Based on the estimations, the equipment is retrofitted with electric-driven pump and tank. It is
piped according to the retrofit scheme and piping arrangement. Also, it is wired and painted.
Finally, it is leak-tested and commissioned. The costs of the matarials used for the retrofitting
of the equipment are accumulated and shown in this report. Interestingly, this retrofitting
work proved to ke a self-help and inward-looking innovation at the bench.scale level 1t s
hoped that when deployed for teaching, the bench-scale trainer will enbance practical
padagogic value. '

Keywords: bencn-scale level, design estimations, fluid-mechanics phenomena, pedagogic
capabilities, retrofitting, welocity-head approach.
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NOTATION

Symbaols Description Units
A, The maximum cross sectional area of the fioat in

a horizontal plane . m’
Ay The cross sectional area of rotameter annulus m’
Apy The eross sectional flow area at the smooth 90° bend m’
A The cross-sectional area of the float m’
A _ The upstream cross sectional flow area before the

constriction m’
A; The point of mintmum cross sectional flow area m’
Co The coefficient of discharge for orifice, venture or _

rotameter : -
Dy : The pipe inside diameter m
Diopt. The optimum inside pipe diameter m
f The friction factor ' -
G The mass flow rate of the liquid kgs
g The gravitational acceleration ms™
H The head required from the pump m
Hy The head loss across the smooth 90” bend m
Hip The loss of head due to friction in fittings m
K The number of velocity heads -
L The entire pipe length in the horizontal direction m
N The speed of rotation of the centrifugal pump revfsec
N, The dimensionless specific speed of pump - ’
P The output power of the centrifugal pump W
a The liquid discharge through the centrifugal pump : m’s .
Qi The liquid flow rate at the discharge pipe ms?
v The liquid velocity Comst
Vb _ The Yiquid,velocity at the smooth 90° bend ms?
V2 . The exit pipe velocity ' ms™
A The liguid velocity at station 1 ms!
v, The liquid velocity at station 2 ms?
W The work done is transporting liquid through the system Jkg?
p The density of the liquid : : - kgm"3
P The density of the material of the float kgm
n The liguid viscosity mNm'Zs
AP The difference in systems pressures {P-P,} Nm
APy, The pressure drop due to friction in pipe Nm™
APy The pressure drop due to friction in pipeline, fittings .

test pipe and valves. Nm™?
AZ The difference in elevations (Z; — Z;} - m
7 The efficiency of the centrifugal pump %
Vi The volume of the float m’
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Intreduction

One of the active problems facing Nigerian
Universities 5 lack of teaching and research
equipment. This is a challenge to the
practical-side of education. The equipment
heeded for practical education require huge
amount of money which many Nigerian
Universities cannot afford. For example, one
of the cheapest equipment from the 2005
price list of Armfield Technical Education
Company, Ltd, UK, s the particle drag
coefficient  apparatus, - which costs
2,611,200 [1]. 2,611,205 is about US
517,919 at an exchange rate of US51.00 =
Migerian W145.72,

Interestingly, the visual-liquid-flow trainer is
an  eguipment  constructed by  project
students. The current retrofitting project will
complete the developmeant of the equipment
for deployment in practical teaching of fluid
mechanics fundamentals,

The novelty in this work is all about local
tmprovisation for overcoming the inadequacy
of teaching and research equipment needed
for enhancing engineering education at
Nnamdi Azikiwo University, Awka,

Equipment Description and HReview of
Pedagogic Capahilities

The visualliquid-flow tramer is a bengh-scale
equipment  retrofitted  to ensure  that
students who use it are accustomed to
devices for pressure drop and  flow
measurements  and  ¢alibrations.  The
equipment consists of the free-standing
framework, the test pipe and the
instrumentation panel, (Figure 1:)

The free-standing framework is 25.4mm
angleiron, 1.219m in length, 0.610m in width
and 1.829m in helght. On the frame work is
mounted a horizontal plywood measuring
1.219m leng by 0.610m wide, which formed
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the table; and the vertical board of 1.219m
long by 1.219 m wide, which formed the
instrumentation panel. The test pipe
mounted at the corner of the horizontsl
plywood and  the  vertical  noarg
(instrumentation panel), while  the
manometers are fitted on the
instrumentation panel,

The test pipe is made of barosilicate plass
and contains the horizontally fitted flow
diffuser (enlarger), the venturimeter and the
orificemeter. It also embodies the horizontal-
to-vertical  90° smooth  bend, and the
vertically-mounted rotameter

The flow diffuser (enlarger)

The flow diffuser consist of a glass upstream
pipe of 9.525mm diameter, and 2
downstream pipe of 19.05mm diamet
fused together, with pressure tapping points
fitted at the upstream and downstream
pipes, For the tguid flow in the diff user of
enlarger, Coulson and Richardson [2] give the
thegretical equations far  analysing  1he
change in pressure [-APy) and the head oy
{Hf) as:

APy
PV -Vy
2
il
and Hy =
V-V
e
ol
L
wherg: v 2
(A
These eqguations express  the  tcathing
capabllities af the flow ditfusor
component of the trainer,
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The venturimeter and orificemeter

The venturimeter is made up of a shori
length of BY to 10° convergence and a
lgnger length of 3" to 5% divergence, with
two pressure tappings provided at the tip
of the converging cone and the throat. The
diameters of the pipe before the
convergence and after the divergence are
19.05mm, while the diameter of the throat
is 8.525mm,

The grificemeter is made up 2 19.05mm
diameter pipe fitted with a circular plate
having » 9mm bore in ils centre, such that
the wpstream and downstream pipe
diameters are 19.05mm, while the
constriction [vena contracta} is ‘9mm in
diameter. Pressure tappings are fixed at a
distance of one diameter upstream the
arifice plate and the other at a distance of
half a diameter downstream the plate,

For the incompressible [p = constant) and
inviscid  {p=0) liguid Ffow in the
arificemeter and venturimeter, Kumar [3]
gives the theoretical expression for
determining the liquid velocity at the vena
contracta and throat as:
1'4"3 =
P-P
(2L =-Z.)

A
: 2
JAT-A;

—(3)

The expression for actual discharge {Q =
Cp¥A;) through & horizontal orificemeter
and venturimeter where I, = 7y, Py = pghy
and Py = pghy, eqn{3) becomes:
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Qs = Co
AA o=

— = [2g(h -h.)
V2R

(a4}
where according to Kumar {3]

Ay = iDlzi

ﬁ:: =£D1
9 4 -

AN, x DD

JACA T4 oD

and

For the venturimeter, the value of Cg lies
from 095 to 098 while for the
grificemeter, the value of the Cy varies
from 0,60 to 0.65 [3].

Eqn {4) describes the anakytical formula for
orifice and wenturi metering applicable to
the visualliquid-flow trainer and this
expresses the teaching capabilities of the

-~ -arifice and wenture components of the

trainer.

The horizontal-to-vertical 90° smooth
bend

The 90° smooth bend consists of 19.05mm
diameter pipe that changes flows from
horizontal to vertical direction, with the
curvature that approximates to 90°
standard elbow. Pressure tappings are
fixed at the horizontal and vertical sides of
the hend.

In terms of inlet velocity head |K), the head

loss argund a 90® smooth bend, or fittings
in 2 pipe is presented by Kumar [3] by

Bl



specifying the number of velocity heads (k)
such that:

Hb = H-Vl;-,h
28

(5
where:

{a) Average velocity in the pipe bend =

Vip = S
bl .

(b) According to Kumar [3] the value

of K = 1 for an elbew (90° bend) at
* the reference velocity V,.

However, in terms of equivalent length L,
of the pipeling, Kumar (3] expresses the
head loss around a bend ag:

Hb:fiﬂi
D; 2p

. (6)

or

. (7)

where: the number of equivalent pipe
lengths, L, = 30 - 40 for a 90° elbow [4).

Egns (5), {6) and (7) describe*the analytical
formulae for the experimental evaluation
of liquid flow through the 90° bend in the
tast pipe of the visual liquid flow trainer.
Users of the trainer would accustom to the
practical use of these equations and these
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are the highlights' of the pedagogic
capabilities of the tralner.

The vertically-mounted rotameter

The rotameter Is 250mm long with a
dlameter of 25.4mm at the top and 20mm
at the bottom. It contains a brass float
18mm in diameter and velume of 6.0cm®
For an incompressible fluid flow in a
rotameter, Coulson and Richardson [2)
define the mass flow rate as:

foan

IAL""I N | w

V \_ 5 AH £ .
w(8)

where the values for C can be obtained
from Figure 6.19 of Coulson and
Richardson  [1999:230) for  varlous
rotameter shapes and Reynolds number
through annulus. Egn (8) expresses the
teaching capability of the rotameter
component, and this would enable users to
internalize the practical application af the
equation,

The Instrumentation Panel

The Instrumentation panel is fitted with a
bank of four inverted u-tube differential
manometers and one vent tube. The range
cf these manometers is 0 = 440mm of
water differential. By means of 6mm
tubing, each of the limbs of the bank of
four u-tube manometers is connected
respectively to the tapping points fitted on
the diffuser, ventrimeter, orificemeter and
50° bend. The result is that the pressure
differential (h; = h;) between the twe
tappings on the diffuser, venturimeter,
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orificemeter and 90° bend can  be
measured separately by means of the
inverted u-tube marometer on which the
tappings are connected; and evaluated by
the expression:

APy = ppih; = hy)

-[9}

Users of the instrumentation panel would
accustom to the practical use of egn (9]
and this explains the pedagogic capability
aof the rrainer.

Review for Eguipment Retrofitting

The literature review focuses on the
considerations for the selection of retrafit
devices such as the circulation pipe system
and the centrifugal pump.

Sizing the pipe required For retrofit

The faollpwing simplified equations s
presented by Peters and Timmerhaus [5)
for making design estimate for pipe size:
For turbulent fiow (Re>2100) in steel pipes:

Du‘.lpl = 3-9%0“ I'J'ml

--(10)

el

In steady incompressible flaw in a pipe, the

losses are expressed in terms of a pressure

drop [APy), or a8 head lnss (Hih The

pressure drop in 3 pipe, APy, due to friction
is given by Sinnott [1964] as:

L |pv

wo o« w(g)E

«{11}
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where according to Anderson et al [8) for
lamina flow,

{12}

Eqns {10), 111) and {12} will be used for
designing the retrofit piping.

Sizing the Centrifugal Pump required for
Retrofit

To ensure the satisfactory selection of the
centrifugal pump required to circulate
water through an entire system, the ENErgy
required by the pump, the total head
required, and the output power of the
pump are taken into considerations.
Sinnott  [4] gives the equation for
caiculating the total energy required by the
pump for transporting fiuid through the
syslem as:

H,ﬁ.zq-ﬂ_—d—l-l-'l#:u
P p
{13

where the variables are defined in the
Meotation Section. If W is negative a pump is
required,

The head required from the pump
(H} is also given by sinnott {4] as:
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orificemeter and 90° bend can be
meatured separately by means of the
inverted u-tube manometer an which the
tappings are connected; and evaluated by
the expression;

AP, = pgih, - h;)

(8}

Users of the instrumentation panel would
accustom to the practical use of egn (9}
and this explains the pedagogic capability
of the trainer.

Review for Equipment Retrofitting

The literature review focuses on the
considerations for the selection of retrofit
devices such as the circulation pipe system
and the centrifugal pump.

Sizing the plpe required for retrofit

The foliowing simplified equations is
presented by Peters and Timmerhaus [5)
for making design estimate for pipe size:
For turbultent Flow [Rex2 100} in steel pipes:

D ot = 3_mnﬂ-ﬂ5 p':'-':

{10}
in steady incompressitle fiow in a pipe, the
losses are expressed in terms of 3 pressurg
drop {APL), or a head loss [Hy). The

pressure drop in a pipe, APy, due to friction
i5 given by Sinnott [1999) as:

L jpv?
APy = 8f | — [
* [D.J 2

-[(11)
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where according to Anderson ot a {68 for
larmina flaw,

w[12)

Eqns (10), (11) ard {12) will be used for
designing the retrofit piping.

Sizing the Centrifugal Pump required for
Retrofit

Te ensure the satistactony selection of the
centrifugal  pump required to circulate
water throwgh an entire system, the energy
required by the pump, the total head
required. and the output power of the
pump are taken into considerations.
Snnott 4] gives the eguatian for
calculating the total energy required by the
pump for transparting fuid through the
System as:

ghz Lo 4k =W =0
PP

- [13]

where the variables are defined in the
Motation Section. M W s negative a pump is
required.

The head required from the pump
(H}is also given by sinnott [4] as:

He 3R _AP o
PR PE
{14}



The power required by the pump (Pw) Is
given by sinnott [4] as:

Py = {WxG)/n
w (18)

Or
Pu = {WQy, p)/n
«{16)

Alternatively, Kumar [3] presents that the
output power of a power generating

where all the symbals are defined in the
Notation section Egns (13), (14), (15), (16),
and (17) will be applied in determining the
parameters for sizing and specifying the
centrifugal pump that is required for
retrofitting into  the visual-liguid-flaw-
experimentation apparatus.

Also, centrifugal pumps are characterised
by their specific speed. In  the
dimensioniess farm, specific speed is glven
by sinrott [4] as:

NQII

machine operating with an efficiency n is
given as: ' ('_ '
gH)
Pw = pgQyH. n
w = PEUp .(18)
+(17)
Kurmar [3] classifies the dimensionless
specific spead N, as follows:
Class Specific Speed (N,)
Low Specific Speed Less than 0.3
Medium Specific Spead 0.3t03.0
High specific Speed 3.0to 30

Equation (18) will be applied In camputing
the specific speed of the centrifugal pump
to be retrofitted into the visual liguid flow
experimentation apparatus.

Materials and Methods of Retrofitting

The scope of materials and methods
covered the processes of design
caleulations, fitting and piping, wiring and
costing of retrofitting materlals,
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Design Computations

The retrofitting  started  with  the
calculations of the parameters that
described the sizes, specifications and
¢haracteristics of retrofit devices, namely
the pipe and the pump. Table 1 shows the
summary sheets for  the  design
computations whose details are displayed
in sections 1 through & in the Appendix.
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Fitting and Plping
Based on the specifications in Table 1 the
following materials were procured; ons

340 watts centrifugal pump with 1 inch

inlet and delivery diamaters respectively,
one 30 litre plastic tank, eight 1 inch PVC
elbows, three 1 inch PVC adaptors, two 1
inch PVC unien and couplings, two' 1 Inch
PVC plug valves, one 1 Inch PVC sotket,
ane 1 inch PVC backnut and 490cm of 1
Inch PVC pipe.

The pump and tank were retrofitted on the
bottom platform of the free-standing
framework. With the various fittings the
equipment was piped according to the
arrangement shown in Figure 3.

Te ensure that the manometers are
activated by pressurization, one of the plug
valves coded CV1 was mounted upstream
before the test pipe (Figure 3). The other
valve coded C€CV2Z  was  mounted
downstream after the test plpe for the
purpose of flow control,

Wiring

Using the 13Amps plug and socket with
indicator pilot lamps and three core
1.5mm’ flexible cable, the centrifugal
pump  was electrically wired. The
retrofitting was completed with the
labelling and painting of the apparatus.
Flgure 2 shows the photograph of the
apparatus after the retrofitting. The
apparatus is ready for experimental
evaluation and appraisal.

Costing of Retrofitting materials.

The total cost of the materials used for the
equipment retrofitting was  M11,625
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(US579.75) and Table Il shows the schedule
of the coste of the direct materials used in
the project work.

Resuits and Discussion

Pump Workload and Sizing
To Transport water from tank to the test
pipe through the pipeline (Figure 3} energy
has to be supplied ta:
(8) Overcome the friction losses in the
pipes. .
(b) Overcome the miscellaneous losses
In the pipe fittings (elbows, valves,
union connactors, backnuts, etc).
(e) Overcome the losses in the test
pipe consisting of flow diffuser,
orifice mater, venturemeter, 90°
bend and rotameter
(d) Overcome the difference in
elevation from end to end of the
pipe and which in this case in Az = -
0.98m (see Figure 3).

The estimation of energy requirement (W)
for overcoming the above-listed losses
produced a negative value, which indicated
that a pump was required (Refer to Table
IV). Subsequently, the capacity of the
pump required was eastimated from two
approaches, namely the Sinnott (4]
approach represented by equation (16)
and the Kumar [3] approach raprasented
by equation (17). Interastingly the results
obtained from both approaches were
consistent as shown In Tabie 4,

Pedagogic Capabllities

The theoretical equations governing
liguid flow through and in the diffuser,
venturimeter, orificemeter, 50° bend

as



and rotameter were described and
presented as eqns (1), (2), (3), (4), {5},
(8), (7). (8) and (9) respectively. This
implied that the visual-liquid-flow-
laboratory  trainer has  multiple
pedagogic capabilities as shown by
equation (1) through equaticn (9).
These equations will be made active
and practical for users when the trainer
is emplayed for hands-en training of
engineering  students at  Nnamdi
Azikiwe University, Awka, Nigeria, It is
likely the laboratory trainer will enable
users to practicaily accustom
themselves to equation (1) through
equation (9}, rather than the use of
hypothetical data and examples in
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theoretical teaching, which no doubt
make learning passive.

Conclusion

This equipment retrofitting project is
an inward-looking and self-dependent
approach aimed at tackling teaching
equipment problem at the Faculty of
Engineering, NAU, Awka. In this regard,
the visual-liquid-flow trainer has been
successfully retrofitted to completion
as shown in Figure 3, and the trainer is
now ready for experimantal evaluation
and appraisal, It i expected that the
trainer will prove useful for engineering

pedagogy.
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B) Pumg Sizing for Relrolly Apglication

-

Estimatgd Syoabol | Estimation Tool Vihea Dbisinad Txtioation Sextion
 Faramater:
Number of veletity | K Se# Section 1 of the Appanae | 15.33 See Section 1of the
heads Appendb:
Mainimure headboss | My, K _1 1085 10°m Sen Seciions 1 & 3 of
Troen ftings zg the Appondix
Presweoe knss Irpm
fittinegs AR, 0L 106 ke Sow Seclion 3 of he
PEHw Appengix
Pressine ket s from
pige Trietin APy 5093 wm” See Section 3 of the
Eqnf13) Appendix
Todsl Presaure logg
AP, 5.0 N See Section ¥ of the
Staldic hpad * AB, 4 APy Appendi
AZ 0.58m Son Soction & of Lhe
‘Work dong by pump T Mg e chi
Minimum pump W -85 Lideg Seq Sociion 5 of the
bpad Eqnd3] Appandie
bl indmimms powier H LLETRE] See tection  of the
requined Egn[la) Appandic
Dimentioniess pump | g .0LEW Ser weetion 7 of the
charpctarlitcs Erpns [16] & (17] Appendi
M, 962 107 See tection Bof the
Eqn (18] hpperndly

Dasigs Datinsations for qu.hml;ll Rrtroditbing

Purnp class: Lo sparcific sppod sence N, < 0.3
L)

Section 1: Estimation of miscellaneous losses In fittings and Valves.

Fitting/v'alug Guantity | Numbar of velocity | Numsber of Valocky
huwasdy, B {unit) heads, Kjiotal)
Endry Shang reduction
{hank swtbe] Backmut) | 050 050
T B .80 Ga
Uik &nd Compling 2 o4 el
Plug valeg, open 1 0.8 40
Plug valee, ot open 1 4.0 .0
Bl wudicen o tion 1 1.00 1.00
90" bend (long elbow] 1 045 [
Sudiden enlargermnt [gifuer) 1 0TS 075
Ouifice mgtar {sudden contraction) | 1 .50 0.50
Wenturimgter 1 Q.50 0.50
| Rotametsr 1 O.7% 0.7%
Totl ¥ 15,33
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saction 2: Estimation of Minimum
discharge, Qs

D, = 25 x 10m; p = 1000 kgm™

Eqn {10} applied:

D, = 33%0.45'30.13 .
Substituting into eqn {10)

25 % 10° = 3.9{Qy"**)(1000% )

=}
Qpp = uqd:,‘:_;;-(%q «|.82%10"m's”

Section 3: Estimation of dynamic head

Cross sectional area, A=

) a1
%Im——-—“‘z”"m Y o 491%10"m?

Minimum water velocity, V =

L]
p , 182x10_ == 3.71% 10" ms ™!
A 491x 10"

Viscosity of water (u) at 30°C =
0.85 x 10°% Nsm’™

.\ - - VD
Reynolds number, Re = AL

(1000)(3.7x 10°)(25x10")
0.85x10°

= 109.12

Re=109.12 < 2100, so flow Is lamina
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For lamina flow, f= —
Re
- eqn (12) applied
64
fs ———
109.12

=(0.59

2

\Y
A velocity head = ?Z_ and Head loss
g

i
"

from fittings (Hp) = K——
28

v=371x10"ms%; g = 9.8ms%
K = 15.33 -

(3.71%10")
2(9.8)

= 7.02 x 10"'m of water

A velocity head =

Head loss from fittings (Hi) =
15.33(3,71x10°)’

2(9.8)

= 1.08 x 10° m of water

‘Pressure |pss due 16 velocity head

(APyn) =pEHip
= (1000)(9.8)(1.08 x 10°)

= 0,106 Nm™
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Pressure loss due to friction in pipe
{APy,)

1||,|'| 3
APy, = BE[EL-] pT regn(11) applied

f=0.59; Oi= 25 x 10°m;
p=1000kgm™; ¥=3.71x10%ms.

L=392cmor 3.92m

APy, = (B) [(0.59)

3.92 (371 x 10"y
——— {1 0D
[25:-110" ]f ” 2

APy = 5.093 Nm?

Total Pressure, AP, = AP, + APy,
= 0.108 + 5.093
=520Nm*

Section 4: Estimation of Static head
Maximum difference in elevation,
(£ =-Z;)=0-098

c= AZ = .98

Section 5: Estimation of Energy
Balance

Static energy — dyn amic energy — work
done =0

gAZ + APfp - AP, /p-W =0

:egr (13) applied

APfp = 0; AZ = -0.98m; g = 9.8ms"%; AP,
=5.20Nm™; p = 1000kgm™?

fournal of Raw Matérials Ressgech

Substituting into egn {13);

5.20
9.8)(-098)- —— =W
(9.8) ( ’IﬂDﬂ

-9604-52x10" =W
Thus W = -9.61Jkg
since W is negative a pump is required.”

Section 6: Estimation of bead required
from pump {H)

H= —==— — AZ : eqn{4) applied
e P

Since EE =1{), therefore,

)
.20 - — (—0,98)
(1000)(9.8)

==H=0.981m

Section 7: Estimation of power
required from pump {P..)

Sinnott’s formuia, P,, = (WQyp)/n

reqn (16) applied

Assumien = 1
P. = {9.61) {1.82 x 10°%){1000)
= 0.018 Watts
Kumar's formula, P, = pgQyH
:eqn (17) applied
Pw = {1000)(9.8) (1.82 x 10°%} {0.981)
= (.018 Watts.
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section 8: Estimation of centrifugal
pump Characteristics (Ns)

N '.J
Ny = Q, : eqn (18) applied

(@&

For single stage centrifugal pump N is
assumed to be 875rpm

Converting 875rpm to radians per
second (Rad.s™);

1aurnal of Raw Materlals Benarch

875x2n

rad.g" =92rads”’

Substituting into the above egn (18):

_ ggz)u.a:xsqj)”-‘. 0.124 _
T 08008 204
0.0061

Since 0.0061 is less than 0.3, the class
of the centrifugal pump Is low specific

speed. V!
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Table li: Schedule of Costs of Retrofitting materials

Compgngnt | Matarial specifications Qusntiy | Wnit Codl Migeria Naira Ampunt Migeria Maird | U Deallar
L] — Euivalent |
Fealbers TEmen caster rollens with a 00 1,000 A4 |
! snegpen i
Plywapcal 1
| At DSIE « QDT oo i 1 300 300 ki
phywgad Por extenisan of ; |
Fump | manametend panel. L | An0 ) 2745 !
Centrituges] pump of lps
| seecific spoed, 3a0 waits,
mipen i hesd o4 10 )
Tank wiilsrs and with 1 inch 1 Lk ] 0 144 ;
sechiam and celtegry pige |
Elbtw diametors B F1 10 1m i
]
Bachrut A0 P oglindrical 1 HK piili] 117 !
Lank ' |
(1LE - z 120 T4 &% i
Craupling 17 Pt gl
Valee 1"FvE backnia 2 400 B 5.49
| .
Adpgnor 1% PC unecn connectar 3 a0 1m 0ar i
[
Skt ] 50 1 0.0y
17 PYC ball walee I
Adhsibiod 1 354 350 T4
1° PWE adapai: !
: Pipe 1 Yelength 850 850 qE3 |
. 17 PN g bl
1 Gt L mach aod 200 1 i
Lontnal Fimw o3l Catesy s gurn . : |
i
| A
Sweich . TP pipe 1 150 00 | 343
Boarg | H
L Aurips s0C ke arid plap
Wire wilh piled lamp wehicatn: 7 yaady 120 58
Paint !0 540 0500 004 af 1 250 500 | 343
i T il - 1 25 500 143 .
' |
1Ay 3 = girellpe !
Tir ol Blsk pasnl
Timal Craam paing 1
- L .
Teatal Wl162%

— P ol -
Exchange rate URS1.00 = Nigenan MLS5-72 ag an huky 21, 20045,

Jgurnal of Raw Batenals Kesearch
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Fig1:  Photograp! uf the apparatus

before the 1atrofitting

Fig2:  Photegraph af the apparatus

after the retrofitting.
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Figure 3; Retrofit Scheme ond Plging arrangement |
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