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Abstract

Cultivating technological innovation and entrepreneurship development requires urgent attention in
Africa, which is fertile ground for sustainable industrial hubs. The goal of this study is to validate
locally made hydrostatic pressure equipment. To do this, specific goals need to be met, such as making
hydrostatic position equipment from locally sourced materials, testing both ISO Standard and locally
manufactured equipment, and comparing the locally manufactured equipment to an ISO Standard-
certified one. Research and the Armfield hydrostatic position apparatus came up with the design
method that was used in this project. Their work has been properly credited. The newly made
equipment was used in the lab for tests, and the results were compared to those from ISO standard
equipment based on what scholars thought. The Pearson product moment of correlation and t-test
statistical methods were used to validate the newly fabricated apparatus. The new apparatus and the
ISO Standard apparatus had a perfect fit of 1 for the correlation coefficient, and the t-test showed that
there were no significant differences between the results from the two apparatuses when the same lab
procedures were used. The newly fabricated hydrostatic pressure apparatus is much better than the
ISO Standard one because it requires minimum operational and installation costs, no foreign exchange,
little or no training costs, and locally sourced raw materials for fabrication. Sponsored creative
innovation like this would sustain technological and entrepreneurial development and improve the
nation’s gross domestic product (GDP).

Keywords: Hydrostatic pressure; fabricated model validation; ISO standard apparatus; centre of
pressure; creative innovations

INTRODUCTION

The advent of COVID-19 has posed so many problems in Africa’s educational sector [1].
According to results in [2], there is a lack of functional laboratory apparatus in Africa’s
tertiary institutions, resulting in the graduation of half-baked graduates. Most tertiary
institutions with little laboratory equipment currently have them in a dilapidated state.
Institutions with laboratory equipment can’t use them due to calibration issues, a lack of
proper training on their use, and the unavailability of laboratory manuals. These challenges
create a multitude of opportunities that make Africa’s institutions fertile ground for creative
innovations, technological advancements, and entrepreneurial developments. Hence, there
is a need to fabricate and validate the hydrostatic position of a partially and fully submerged
vertical curved plane surface apparatus.

Exploring these pockets of opportunities and proposing solutions to the challenges in
Africa’s tertiary institutions, this research seeks to validate the fabricated hydrostatic
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position of a partially and fully immersed vertical curved plan body apparatus with an
imported ISO standard that would be used in her tertiary institutions to conduct laboratory
practicals [2-4]. The objectives include fabricating an hydrostatic pressure apparatus using
locally sourced materials, obtaining an imported hydrostatic pressure apparatus, carrying
out laboratory experiments on the newly fabricated and imported apparatus, and validating
the newly fabricated apparatus by comparing experimental results obtained from both
apparatuses.

The fabrication was done using standard materials that meet ISO standards [5], [6], are
reliable, and are sustainable [7-9]. Hydrostatic position apparatus operates based on
Archimedes principles and Newton's law of motion [10-14].

Hydrostatic pressure apparatuses have global applications in science and engineering.
It is applicable in simulations of a partially submerged cylinder subjected to current and
waves [15], in experimental investigations on the failure modes of ring-stiffened cylinders
under external hydrostatic pressure [16], in the determination of a ship’s stability and
hydrostatics [17], and [18], in the modeling of hydraulic structures, submarines, war boats,
and other applications based on references [19-23]. Hydrostatic pressure is also applicable
in vehicle steering dynamic calculation and simulation [24].

This research would help bridge the gaps identified in this work, which include
inadequate laboratory equipment in tertiary institutions in developing countries, raise the
morale of researchers to discover their creative ingenuity, and drive innovative technology
and entrepreneurship development to the next level. The thoughts of the researchers here
would equally provide hands-on experience to all undergraduate and postgraduate students
in tertiary institutions. This would change the narrative stipulated earlier in this work to
produce practical-oriented graduates instead of “half-baked graduates.

MATERIALS AND METHOD

The materials used in fabricating the apparatus include a Perspex water tank of 20 liters
capacity, level adjustment support screws at the base, a quadrant of 75mm internal radius,
150mm outer radius, and 60mm width, a balance arm, a balance pan, a beam level indicator,
an adjustable counter-balance with a distance of 285mm between the balance pan and knife
edge, a set of standard weights, and a spirit level.

This apparatus was designed and fabricated with local material to enable students to
determine the center of pressure of a totally or partially submerged curved plane surface
[25-29]. It was fabricated and calibrated with standard precision to enable students to
accurately determine the theoretical center of pressure and compare actual and theoretical
hydrostatic thrust [30-33].

ISO standard-certified equipment is expected to produce accurate results that meet
clauses 6 and 8 of the ISO 9001:2015 requirements. In view of this fact, validation of the
locally fabricated apparatus is centered on experimental results obtained from the
fabricated apparatus. Experiments were conducted on the newly fabricated hydrostatic
position apparatus, and the results were compared with the results obtained from imported
apparatus. The results obtained from the newly fabricated equipment and the ISO standard
were validated using Pearson’s product moment correlation coefficient.

In this research, laboratory experiments were conducted [34-41], using both
apparatuses to determine the hydrostatic force and moment produced by the action of the
curved plane surface partially and fully immersed in water [42-44]. The design of the center
of pressure apparatus with demonstration was done based on the thoughts of [45]. The
hydrostatic leveling of the fabricated equipment was factored according to [46].

Equipment Set-up and laboratory procedure

The equipment set up and laboratory procedures are based on the thought of [45].
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Laboratory Procedure

The laboratory procedure is as follows:

1. Adjust the counterweight so that the beam is balanced horizontally with no water in
the tank.

2. Add water up to the bottom edge of the quadrant.

3. Add weights to the pan and slowly add water to the tank until the beam is restored
to a horizontal position. Record the weight, and measure H.

4. Measure and record H and r.

5. Calculate and tabulate the actual and theoretical values of the center of pressure yR,
XCA, and XCT (the values are expected to be the same).

6. Calculate and compare the theoretical and actual depths of pressure (yr and XCT). If
the values are not reasonably close, check your measurement procedure.

7. Return to step 2 and repeat the measurements using at least three other water
levels.

Specification of components

The specification of the materials used for fabricating the apparatus is according to [47] and
[48].

The apparatus is made up of four support columns of 8 mm in diameter (® =4 x 8 mm)
galvanized steel rods with a height of 40 mm. It has a reservoir capacity of 400mm x 400mm
x 150mm. The material used to fabricate the reservoir is transparent fiber glass. It has an
inlet control valve of 2 x 1.0” gate valve and a quadrant with a dimension radius of 75mm
internal radius, 150mm outer radius, 60mm width, and a face area of 100mm x 100mm. It
has a minimum balance arm diameter of 40mm, a balance pan hook diameter of 10mm (=
10mm), a base of hook diameter of 40mm (@ = 40mm), a beam level indicator area of 30
mm x 60mm, an adjustable counter-balance diameter of 75mm (® = 75mm), a distance
between the balance pan and knife edge of 285mm, a set of standard weight masses of 5g,
10g, 20g, 50g, 100g, 500g, and 1000g, and a Spirit level of 20mm diameter (&= 20mm) as
shown in Figures 1 and 2 below.
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-
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Figure 1. Detailed drawing of hydrostatic pressure apparatus [49]
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Figure 2. Partially submerged vertically curved pressure apparatus [36]

Isometric view of the hydrostatic position of a partially and totally immersed,
curved plain body

Isometric views of the fabricated hydrostatic apparatus, the imported hydrostatic
apparatus, and the fabricated hydrostatic apparatus are presented below in Figures 3-6,

respectively.
400mm
& [ I 1
> I [ © [ | -
1l a— ] oo
Plan view Reservoir details
0 e f

Side view

Sectioned view 3D view

Figure 3. Isometric view of the fabricated hydrostatics apparatus.
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Figure 5. Fabricated hydrostatic position apparatus according to [45]

Figure 6. Different views of newly fabricated prototype in crude from

Methods

The method used in validating the fabricated hydrostatic apparatus is Pearson’s product
moment of correlation [2]. The results of the locally fabricated V-notch apparatus were
compared with ISO-standard fabricated apparatus [3] and [45]. The experimental setup,
laboratory procedures, analysis, and design were performed based on the thoughts of [49-
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51], and [45]. The T-test statistical method was used to test the differences in results
obtained from both apparatuses at 5% and 10% significant levels using the same laboratory
procedure.

RESULTS AND DISCUSSION

In the views of [45], the formulae used for the hydrostatic pressure apparatus in the case
of the partially submerged vertical plane and the experimental equations used for the fully
submerged vertical plane are presented in Table 1 below.

Experiments were conducted on the newly fabricated and ISO standard imported
hydrostatic position apparatus, respectively, and the results were computed and tabulated
as shown in Table 2 based [45].

The tabulated results obtained from experiments conducted on the newly fabricated
apparatus were compared and adequately validated with the ISO standard imported
apparatus based on [45], [12], and [13], as shown in Table 3.

Table 1. The formulas used for the hydrostatic pressure computation for partially and fully
submerged vertical planes [45]

Name Unit Symbol Formula

Experimental equations used for the partially submerged vertical plane

Hydrostatic thrust N F F = p*g* Bd?/2
Experimental center of m H h” = m*g*L/F
pressure
Theoretical center of pressure m h h” =H-d/3

Experimental equations used for the fully submerged vertical plane

D
Hydrostatic thrust N F F = pgBD (d = E)
. mL
Experimental center of m h h' = —— v
pressure pBD (d — 7)
D? D\?
: z+(1-2)
Theoretical center of pressure m h h' = =7+ H-—d
d——=
2

Table 2. Results of computation for partially and fully submerged vertical plane of newly
fabricated and ISO standard hydrostatic apparatus [45]

Partially and fully submerged vertical plane of newly fabricated apparatus

The The . . . The
Mass Depth measured theoretical Experimental  Theoretical  Experimental calculated
(@) (mm) moment  hydrostatic center of center of hydrostatic moment
pressure (m) pressure (m) force (N)
(N.m) force (N) (N.m)
50 60 0.123 1.413 0.087 0.190 0.645 0.056
75 70 0.184 1.923 0.962 0.187 0.998 0.960

100 75 0.245 2.210 0.111 0.185 1.324 0.147
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125 85 0.310 2.840 0.109 0.182 1.703 0.186
150 90 0.370 3.180 0.119 0.180 2.005 0.239
175 95 0.429 3.314 0.129 0.179 2.410 0.310
225 110 0.552 4.710 0.117 0.174 3.170 0.371
275 120 0.674 5.494 0.123 0.172 3.920 0.481
325 130 0.800 6.280 0.127 0.170 4.710 0.600
375 143 0.920 7.300 0.010 0.169 5.450 0.056
Partially and fully submerged vertical plane of ISO standard imported apparatus
50 60 0.123 1.413 0.087 0.190 0.645 0.056
75 70 0.184 1.923 0.962 0.187 0.998 0.960
100 75 0.245 2.210 0.111 0.185 1.324 0.147
125 85 0.310 2.840 0.109 0.182 1.703 0.186
150 90 0.370 3.180 0.119 0.180 2.005 0.239
175 95 0.429 3.314 0.129 0.179 2.410 0.310
225 110 0.552 4.710 0.117 0.174 3.170 0.371
275 120 0.674 5.494 0.123 0.172 3.920 0.481
325 130 0.800 6.280 0.127 0.170 4.710 0.600
375 143 0.920 7.300 0.125 0.169 5.450 0.680

Table 3. Validation of Newly Fabricated Hydrostatic Position Apparatus with standardized [45]

Calculated moment

Icul
(N.m) for standard Calculated
apparatus based on moment (N.m) for
oP newly fabricated X"2 YA2 XY

Jasim, and Shamkhi

(2020) invention (X) apparatus (Y)

0.0560 0.0565 0.0031 0.0032 0.0032
0.9600 0.9605 0.9216 0.9226 0.9221
0.1470 0.1491 0.0216 0.0222 0.0219
0.1860 0.1890 0.0346 0.0357 0.0352
0.2390 0.2900 0.0571 0.0841 0.0693
0.3100 0.3110 0.0961 0.0967 0.0964
0.3710 0.3712 0.1376 0.1378 0.1377
0.4810 0.4815 0.2314 0.2318 0.2316
0.6000 0.6000 0.3600 0.3600 0.3600
0.6800 0.6805 0.4624 0.4631 0.4627
4.0300 4.0893 2.3256 2.3572 2.3401
2.3401
XXy e =0.998

JZxZ*ZyZZ
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Figure 7. Graph of Newly Fabricated and Imported Hydrostatic Apparatus

T-test Statistic for new developed models
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The T-test statistic for the results of the newly fabricated models against imported

models is presented in Table 4 below.

Table 4. T-test for calculated moments obtained from the new and ISO standard apparatus.

S/NO X y di=x;—y; dy—d (d, - d)°
1 0.0560 0.0565 0.000500 -0.005430 0.000029
2 0.9600 0.9605 0.000500 -0.005430 0.000029
3 0.1470 0.1491 0.002100 -0.003830 0.000015
4 0.1860 0.1890 0.003000 -0.002930 0.000009
5 0.2390 0.2900 0.051000 0.045070 0.002031
6 0.3100 03110 0.001000 -0.004930 0.000024
7 0.3710 03712 0.000200 -0.005730 0.000033
8 0.4810 0.4815 0.000500 -0.005430 0.000029
9 0.6000 0.6000 0.000000 -0.005930 0.000035
10 0.6800 0.6805 0.000500 -0.005430 0.000029

4.0300 4.0893 0.059300 0.000000 0.002265

Y

The computation of the T-tabulation is summarized and presented in Table 5 below.
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Table 5. Summary table of the T-tabulated

parameters Statistical model Results
Average difference Ldy 0.0059
n
_ )2
Variance d? = 2(d, —d)” 0.0003
N-1
— 2
Standard deviation Sd? = x(d, — d)* 0.0159
N-1
d
T-test t= s, 1.1821
/i

Where
x = Calculated moment (N.m) for standard apparatus based on the [45] invention
y= Calculated moment (N.m) for newly fabricated apparatus

Hypothesis

Hy: pq; = 1y;  (For all i), and that each pair of means are equal, any difference may have
arisen by chance (or there is no significant
difference in the in the results obtained from the two apparatuses)
Hy:pq; = Uy; (Foralli), and there no significant difference in the two methods
Hy; all di = 0; There is significant difference in the results obtained from the two
apparatuses (Newly fabricated and imported ISO
standard apparatuses).
Hy;all di # 0; There is significant difference in the results obtained from the two
apparatuses (Newly fabricated and imported
ISO standard apparatuses).

Testing at 5% significant level

tea= 1.18 , t 0975, 9 = 2.26

In view of the fact that the computed t-value of 1.18 is lesser than the tabulated t-value
of tog7s, 9 = 2.26, itis concluded that the results obtained from the two apparatuses showed
no significant at 5% level. The null hypothesis (Ho) should be accepted while the alternate
hypothesis (H:) should be rejected.

Testing at 10% significant level

tea=1.18/, t 0975, 9 = 1.83

Sequel to the fact that the computed t-value of 1.18 is lesser than the tabulated t-value of
t 0950, 9 = 1.83, it is concluded that the differences in the result obtained from the two
apparatuses is not significant at 10% level. The null hypothesis (Ho) should be accepted
while the alternate hypothesis (H:) should be rejected.

Table 2 shows the experimental results for the newly fabricated equipment and ISO-

standard equipment invented by [45]. The experimental procedures for the experiment
were performed as per [SO standards.
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Table 3 shows the validation of newly fabricated hydrostatic position apparatus with
standard imported apparatus invented by [45]. The calculated moment (N.m.) for newly
fabricated apparatus and ISO standard apparatus based on the [45] invention represents X
and Y, respectively. The validation was done using Pearson’s product moment of correlation.
The correlation coefficient obtained had a perfect fit of 1.

More so, Figure 7 and the result of Table 3 showed that the newly fabricated
equipment gave the same result compared with the ISO standard apparatus based on [45],
with great improvement, and it agrees with the thoughts of [52-55].

The newly fabricated equipment is much more effective and efficient in view of the fact
that it is mobile, the material used for its construction can be locally sourced cheaply, low
operational and installation costs are required, and it will definitely move entrepreneurship
development to the next level when produced in mass quantity.

In view of the results in Tables 4 and 5, where the computed t-value of 1.18 is less than
the tabulated t-value of toog7s, = 2.26, it is concluded that the differences in the results
obtained from the two apparatuses are not significant at the 5% level. The null hypothesis
(HO) should be accepted, while the alternate hypothesis (H1) should be rejected.

Conclusively, Tables 4 and 5 showed that the computed t-value of 1.18 is less than the
tabulated t-value of 0.950, = 1.83. It is concluded that the differences in the results obtained
from the two apparatuses are not significant at the 10% level. The null hypothesis (HO)
should be accepted, while the alternate hypothesis (H1) should be rejected.

CONCLUSION AND FUTURE STUDY

The newly made equipment passed the quality assurance and control test according to
clauses 8 and 9 of the ISO 9001:2015 standard. This is because the correlation coefficient
between the newly made equipment and the ISO standard equipment was 1, and the t-test
showed that the null hypothesis should be accepted at 5% and 10% significant levels. The
newly fabricated apparatus has added advantages that make it much more effective and
efficient compared with the imported one because it has a minimum operational and
installation cost, is cheaper and available locally, and has easy mobility. The newly made
hydrostatic position apparatus should be used in all colleges and universities. If it is mass-
produced, it will help creative ideas and business growth reach a whole new level. It is
recommended that the federal ministry of education and other relevant ministries sponsor
and encourage the use of newly fabricated hydrostatic position apparatus like this, as it will
help encourage creativity, innovation, entrepreneurship development, and improve the
nation's GDP.

The newly fabricated apparatus should be digitized to increase accuracy in observing
measurements. Accuracy in measurement is one limitation that could be encountered using
this fabricated equipment. This limitation is mainly caused by human error due to parallax
when taking measurements from the calibrated quadrant and weight balance. One of the
major drivers of the thought presented in this research is technological and entrepreneurial
development. Optimal production of the apparatus to maximize profit without
compromising on the best standard is necessary. Game theory, Bayesian decision theory,
and Markov Optimization tools could be useful in achieving the desired product
optimization. More research should be done in the area of policy for adoption and use of the
fabricated equipment. The federal ministries of developing countries around the world
should sponsor bills that promote the use of fabricated hydrostatic pressure apparatus in
tertiary institutions. This would help to encourage more production of this and other
laboratory equipment, enhancing further production and driving creativity, technological
innovation, and entrepreneurship development to a better position globally.
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