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ABSTRACTS: Various types of physical phenomena are experienced by the wind when it passes through a venturi tube system 

equipped with two open manometers filled with water. Its theoretical studies lead to 3 equation types of theoretical wind speeds that 

are unique. Experimental testing of each type of equation as a measurement method is significant to see the suitability level with 

the concept of fluid dynamics, the precision level, and the accuracy level. The research aims to determine the level of suitability 

with the fluid dynamics concept, the precision level, and the accuracy level. The research method is an experiment using equipment 

at the Bandung State Polytechnic Physics Laboratory. The research shows that: The suitability level of the three method 

measurement results is consistent with the concept of fluid dynamics; The highest level of precision and accuracy is produced by 

measurement method A, followed by method B, and the lowest by method C; All slopes of the linear curve mean wind speed (v̅a) 

is negative, 83.3 % of absolute uncertainty (AU) < 0 (negative), and 83.3 % of relative uncertainty (RU) > 0 (positive); The 

determination level of va by the diameter variable (d) and the electrical resistance (R) is in a strong category, the determination level 

of AU by the variable d is in the moderate category but with the variable R is in the weak category and then the weak category for 

the determination level of RU by the variable d and with the variable R. 

KEYWORDS: Wind Speed Measurement, Venturi Tube, Open Manometer, Measurement Precision, Measurement Accuracy 

 

1. INTRODUCTION 

1.1 Background 

In industry, variable control of fluid (gas) flow rates plays an 

important role in producing quality processes and products. 

In the GTAW welding process, it has an impact on the 

hardness of low-carbon steel products [1]. In the natural gas 

well production process, its role is an indicator of the ability 

to deliver products to consumers [2]. In the corn-cob-biomass 

stove gasification process, its role is one of the determinants 

of the composition of gas-combustible products [3].  

Fluid rate is one of the crucial concepts that is always 

analyzed in the topic of fluid dynamics. In fluid dynamics 

according to Clifford E. Swarttz, analyzing this concept is 

among the most difficult applied sciences [4]. 

Contextualization in the Physics KBM, this concept is needed 

[5], one of which is the use of venturi tube and open 

manometer practicum equipment settings. On the other hand, 

understanding this phenomenon is also urgent for PT 

graduates such as chemical engineering, mechanical 

engineering, aeronautical engineering, and civil engineering 

as provisions when entering the industry [6, 7].

Fig. 1 Wind generation and interaction 
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A venturi tube is a flow constrictor along the fluid flow to 

produce a pressure difference [8, 9, 10, 11]. Manometers are 

fluid pressure gauges through the utilization of static fluid 

phenomena in U-pipes [12, 13]. These tools are critical to the 

industrial world. Venturi tubes are related to fluid rate control 

and manometers are related to fluid pressure control [14]. 

These two quantities are controlled for various purposes. 

Based on the application of these two tools, fuel and raw 

material efficiency, process effectiveness and safety, and 

production quality can be described.  

The study of the physical phenomena of wind in a venturi 

tube and water in 2 open manometers as a system can be 

directed to obtain 3 methods of measuring the wind rate for 

the same position. Physical phenomenon 1 includes wind 

flowing from the source through the venturi tube, physical 

phenomenon 2 includes wind interacting with water in 

manometer 1, and physical phenomenon 3 includes wind 

interacting with water in manometer 2. The diameter of the 

venturi tube, the position of manometer 2 is different from 

that of manometer 1, as shown in Figure 1.  

Wind generation in a venturi tube is a typical physical 

phenomenon, where the capacity of AC-sourced electrical 

energy in an electric motor is easily varied so that the kinetic 

energy and wind flow rate vary [15, 16]. The flexibility of the 

manometer position as a place or point of wind-water 

interaction gives rise to physical phenomenon 2 which is 

different from physical phenomenon 1. In this physical 

phenomenon, the wind rate varies even though the capacity 

of wind kinetic energy or electrical energy remains. 

Comparison of physical phenomena of interaction points 1 

and 2 is mathematically capable of inducing a new type of 

theoretical wind rate equation and is different from the type 

of theoretical wind rate equation based on physical 

phenomena 1 and 2, or 3. Base on controlling the function of 

the resistor in the blower system, the function of the venturi 

tube where the wind flows, and the 2nd function of the 

manometer where the water is located will lead to the 

generation of various types of typical physical phenomena. 

The study of experimentally verifying the theoretical wind 

speed equation based on physics symptoms 1, 2, or 3, and the 

results of the comparison of physical phenomena 2 and 3 is 

necessary to do to fulfill the need for knowledge regarding 

the verification of the concept of fluid dynamics, the 

effectiveness of measuring physical quantities in the 

laboratory, and other interests. other scientific interests.  

1.2 Theoretical Framework  

Physical phenomenon 1 in the form of magnetic force 

generation is one form of applying the energy conservation 

law with the electrical energy conversion into kinetic energy 

[17, 18]. Based on blower system technology, the rotational 

mechanical work of the electric motor is manipulated into 

wind kinetic energy in the venturi tube. If the wind density is 

expressed with ρa, the wind discharge is expressed with Qa, 

and the wind rate is expressed with va means the kinetic 

energy per unit times or wind power generated by the blower 

system fulfills the equation: 

𝑃𝑎 =
1

2
𝜌𝑎𝑄𝑎𝑣𝑎

2..... (1) 

Manipulation of the venturi tube function through diameter 

variation, where va is observed, Qa in equation (1) can be 

expressed as the product of the cross-sectional area of the 

venturi tube (A =  ¼  π𝑑2) with va. Pa generated in physical 

phenomenon 1 is deformed into: 

𝑃𝑎 =
𝜋

8
𝜌𝑎𝑑2𝑣𝑎

3..... (2) 

Where d is the diameter of the venturi tube and the position 

of the wind and water interaction point. The source of wind 

generation energy per unit load is the AC PLN voltage. If the 

constant AC voltage is expressed as VPLN and the variable 

electrical resistance is expressed as R and other electrical 

resistance is ignored, the amount of energy per unit time or 

electrical power for the operational purposes of the blower 

system fulfills the equation: 

𝑃𝐿 =
𝑉𝑃𝐿𝑁

2

𝑅
 ............. (3) 

The existence of power losses in the conversion of electrical 

energy into wind energy causes wind power to be smaller 

than electrical power [19]. If the efficiency of the conversion 

symptom is expressed as η, the relationship between Pa and 

PL results in the following equation va: 

𝑣𝑎 = √𝜂
8𝑉𝑃𝐿𝑁

2

𝜋𝜌𝑎𝑑2𝑅

3
 ..... (4) 

Equation (4) applies to physical phenomenon 1 at both 

interaction points 1 and 2 as the place of conversion of 

electrical energy into wind kinetic energy, with adjustment of 

type d between the two types of interaction points. Physical 

phenomena 2 and 3 are the different positions of the water 

surface on the arms a' of the manometer. This condition is the 

conversion result of wind kinetic energy into Earth's 

gravitational potential energy for water. When the water 

density is expressed as ρw, the Earth's gravitational 

acceleration is expressed as g, and the difference in the height 

of the water surface in each manometer is expressed as Δhw, 

the relationship between the Earth's gravitational potential 

energy per unit volume received by water and the kinetic 

energy per unit volume given by the wind results in the 

equation va as follows:  

𝑣𝑎 = √
2𝜌𝑤𝑔Δℎ𝑤

𝜌𝑎
 ..... (5) 

Equation (5) applies to physical phenomena 2 and 3 at both 

interactions point 1 and 2 as the place of conversion of wind 

kinetic energy into gravitational potential energy of the water 

Earth, with adjustment of the type of difference in water 

surface height of the manometer arms between the two types 

of interaction points. 

The movement of wind from physical phenomena 2 to 3 is a 

mass flow phenomenon due to work by because of a net force 

acting on the wind that is converted into wind kinetic energy. 
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Assuming the wind is an incompressible, non-viscous fluid, 

and the flow is steady, then the motion of the wind from 

interaction points 1 to 2 satisfies the continuity equation and 

Bernoulli equation. If d interaction points 1 and 2, 

respectively expressed d1 and d2, Δhw interaction points 1 and 

2, respectively expressed Δhw1 and Δhw2 then va at interaction 

points 1 (va1) and 2 (va2) satisfy the equation:     

𝑣𝑎1 = 𝑣𝑎2(
𝑑2

𝑑1
)2 = √

2𝜌𝑤𝑔(∆ℎ𝑤1−∆ℎ𝑤2)

𝜌𝑎((
𝑑1
𝑑2

)
4

−1)
 ..... (6) 

Equations (4), (5), and (6) define three theoretical va 

equations, which apply to the same reference interaction 

points. Each equation contains several physical quantities that 

behave as constants, measurable, and in different formations. 

1.3 Problem Formulation 

Because of the study of the above physical phenomena, three 

theoretical va equations with different characteristics have 

been generated. Each va equation type is used as the 

theoretical basis for experimental va measurements. 

Supported by conditioning variations in the values of R and 

d, the va experimental study at each interaction point is more 

comprehensive and related to the scope of applicability of the 

concept of fluid dynamics. Each experimental va 

measurement through the application of the three theoretical 

va equation types will produce a certain suitability level to the 

fluid dynamics concept, precision, and accuracy and is 

unique.  

The study aims to determine the quality of applied products 

of each type of theoretical va equation based on experimental 

measurement results in the Laboratory. Another study 

objective is to determine the best-applied product quality 

among the three theoretically va equation types after 

comparison. The quality of the applied products of the three 

theoretical va equations is seen based on the level of 

suitability of the measurement results to the concept of fluid 

dynamics, the level of precision and accuracy of the 

experimental va measurement results, or the results of the 

application of each theoretical va equation in the Laboratory. 

 

2. METHODS  

2.1 Tools    

The research utilized the Bandung State Polytechnic Physics 

Laboratory equipment, including one blower system 

equipped with a rheostat for setting nine different types of R 

(electrical resistance of the rheostat); 1 venturi tube equipped 

with eight interaction points with different d's (diameter of 

the venturi tube wall), including points a, b, c, d, e, f, g, and 

h; 2 open manometers filled with pure water; 5 silicone 

connector hoses; 1 digital multimeter; 1 tube lamp for 

lighting; 1 caliper, and one ruler. The equipment design for 

the venturi tube and two open manometers is shown in Figure 

2. 

2.2 Procedure   

Indirect measurement of experimental va involves three 

simultaneous physical phenomena. From 9 different types of 

R (1 type of R related to the measurement of 2 types of va 

coupled with different d's), eight interaction points with 

different d's, and three theoretical va equations for 

measurement (hereafter referred to as methods A, B, and C), 

this study produced 1512 different va and 135 different 𝑣̅𝑎.  

In 1 type R, 28 pairs of d were conditioned, including seven 

va points a paired with va points b, c, d, e, f, g, and h; 6 va 

points b paired with va points c, d, e, f, g, and h; 5 va points c 

paired with va points d, e, f, g, and h; 4 va points d pair with 

va points e, f, g, and h; 3 va points e pair with va points f, g, 

and h; 2 va points f pair with va points g and h; and one va 

point g pairs with va point h

. 

Fig. 2. Major equipment design 

 

 

The specifications of the research physical quantities as the 

constants in equations (4), (5), and (6) are utilizing the results 

of previous research, as shown in Table 1. Δhw1 and Δhw2 

were measured according to the conditions in the field. VPLN 

as shown in Table 1, R and d inside the venturi tube, 
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respectively, were measured with the relevant equipment 

according to their specifications.

  

Table 1. Specifications of research physics quantities  

N. Types Symbols Value SI units 

1 Density of wind 𝜌𝑎 1.22E+00 kg/m3 [20] 

2 Density of pure water 𝜌𝑤 9.95E+02 kg/m3 [21] 

3 Earth's gravitational acceleration g 9.80E+00 m/s2   [22] 

4 Blower system efficiency 𝜂 5.33E-01 Unitless [23] 

5 Voltage of PLN VPLN 2.20E+02 Volt     

 

2.3 Data analysis  

Using an Excel application, all data was organized, 

differentiated, and processed based on categories A, B, and C 

based on the physical quantities that formed each theoretical 

va equation. Since each theoretical va equation is the 

theoretical basis of measurement, each category of data was 

processed by the corresponding method. From the application 

of each method, the 𝑣̅𝑎, AU, and RU of the measurement 

results of each method, the corresponding curve, slope, and 

coefficient of determination (R2) of the corresponding linear 

curve are known. This is the basis for analysis in determining 

the level of suitability with the concept of fluid dynamics, the 

level of precision, and the level of accuracy of each method. 

The flow of data analysis is shown in Figure 3.

 

 

Fig. 3. Data processing flow 

 

To analyze the level of suitability of the measurement results 

of each type of theoretical va equation with the concept of 

fluid dynamics, the tendency of the impact of the change of 

R when d remains and the change of d when R remains on 𝑣̅𝑎 

is used both qualitatively and quantitatively, Qualitatively 

utilizing the tendency of the position and fluctuation of the 𝑣̅𝑎 

curve of each method as f (d) when R remains and f (R) when 

d remains. Quantitatively utilizing the calculated results of 

𝑣̅𝑎, the slope of the curve or differentiation of 𝑣̅𝑎 when d 

changes but R remains, the slope of the curve or 

differentiation of 𝑣̅𝑎  when R changes but d remains, R2 for 

the correlation of 𝑣̅𝑎 with R when d remains, and R2 for the 

correlation of 𝑣̅𝑎 with d when R remains. 

To analyze the level of precision of the va measurement 

results of each type of theoretical va equation, the tendency of 

the calculation results of AU of each method, the position and 

fluctuation of the AU curve of each method, the slope of the 

curve or differentiation of AU against d when R remains each 

method, the slope of the curve or differentiation against R 

when d remains each method, R2 on AU = f (d) when R 

remains each method, and R2 on AU = f (R) when d remains 

each method.  

To analyze the level of accuracy of the va measurement 

results of each theoretical va equation, the tendency of the RU 

calculation results of each method, the position and 

fluctuation of the RU curve of each method, the slope of the 

curve or differentiation of RU against d when R remains each 
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method, the slope of the curve or differentiation against R 

when d remains each method, R2 on RU = f (d) when R 

remains each method, and R2 on RU = f (R) when d remains 

each method.  

To determine the determination of the independent variable 

on the dependent variable, the linear regression method is 

used based on the slope of the curve and R2. In the linear 

regression method, the correlation of the dependent variable 

with the independent variable is linear [24]. The category of 

correlation level is strong if fulfill 67% < R2 < 100%, 

moderate if fulfill 33% < R2 < 67%, and weak if fulfill 19% 

< R2 < 33% [25]. 

 

3. FINDINGS AND DISCUSSION  

3.1 Suitability level of experimental va measurement 

results  

For R remains, the three experimental 𝑣̅𝑎 tend to get smaller 

as d gets greater, as shown in Figure 4. The correlation 

condition of the three methods is quantitatively verified by 

Table 2, where all the slopes of the curves 𝑣̅𝑎 = f(d), R 

remains are negative with an average R2 of 70% (strong 

category). It means that the three methods are characterized 

following the concept of the fluid dynamic, especially 

Bernoulli's law and the law of continuity. In every fluid 

dynamic phenomenon, the smaller the pipe d, the narrower 

the space for fluid movement, and the higher the compressive 

force by the pipe walls against the fluid. This condition 

increases the fluid's kinetic energy so that the rate of fluid 

motion is higher.

 
Fig. 4. 𝒗̅𝒂 = f(d) on some R remains 

 

Table 2. Curve slope and R2 from 𝒗̅𝒂 experiment  

Method  
d changes, R remains R changes, d remains 

Slope (ms-1/m) R2 (%) Slope (ms-1/Ω) R2 (%) 

A -5.48E+02 97 -2.73E-01 58 

B -3.03E+02 46 -3.09E-02 79 

C -3.86E+02 67 -4.11E-02 92 

 

Judging from the slopes of the curves of 𝑣̅𝑎 = f(d), R remains 

in Figure 4 and Table 2, it appears that the largest negative 

slope belongs to the curve of 𝑣̅𝑎 = f(d) method A with the 

largest R2. The slopes of the other two curves appear to be 

smaller and thus gentler. Equation (4) shows that the 

dependence of va on d is explicit, where the condition d2 is 

inversely proportional to va
3. The dependence of va on d in 

equation (5) is implicit. Equation (6) shows the dependence 

of va not on a single d but the ratio d of 2 interaction points 

along the venturi tube. The difference in the nature of the 

dependence of the dependent variable on the independent 

variable is the cause of the difference in the slope of the curve 

𝑣̅𝑎 = f(d) among methods A, B, and C. 

Figure 4 also shows that the curve position of 𝑣̅𝑎 = f(d) from 

method A is mostly above that of methods B and C. This fact 

is supported by the fact that the overall 𝑣̅𝑎 values of the three 

methods are 5.73E+01 m/s for method A, 1.18E+01 m/s for 

method B, and 1.55E+01 m/s for method C, respectively. It 

means that the overall 𝑣̅𝑎 of method A is higher than that of 

the other two methods. The fluid flow rate equation from 
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method A base on the physical phenomenon in the system of 

1 venturi tube and two manometers, whose existence is 

directly related to the energy source of the equipment system. 

The initial converted energy capacity is still quite large, then 

in the next stage of the physical phenomenon, the energy 

capacity decreases due to the impact of non-conservative 

forces. The difference in the result of 𝑣̅𝑎 among the three 

methods is closely related to the different assumptions of 

physical conditions as the basis of analysis in formulating the 

fluid flow rate equation.  

For d remains, the 𝑣̅𝑎 of the three experimental method is 

smaller when R is larger, as shown in Figure 5. This fact is 

verified by Table 2 where the slope of the curve 𝑣̅𝑎 = f(R) of 

the three methods is negative with a large R2 of 76% (strong 

category). The variable R affects the operational power of the 

wind generation system. As R increases, the operational 

power of the wind generation system decreases. On the other 

hand, the variable v ̅_a is an indicator of the quantity of wind 

mechanical energy, where a larger 𝑣̅𝑎 means a higher wind 

mechanical energy. There is a theoretical relationship where 

the variable R is inversely proportional to the variable va. 

Thus, the experimental facts of the three methods have 

demonstrated, supported, and matched the theoretical 

relationship between the variable R and the flow rate in the 

field of fluid dynamics.

 
Fig. 5. 𝒗̅𝒂 = f(R) on some d remains 

 

Regarding the slope of the curve 𝑣̅𝑎 = f(R), d remains, it 

appears that method A is sharper than methods B and C, as 

shown in Figure 5. This fact is verified by Table 2 where the 

slope of the curve is the largest with R2 above 50%. This 

experimental fact is like the phenomenon of the curve 𝑣̅𝑎 = 

f(d), R remains. The explicit relationship of va versus R exists 

only in equation (4) and not in the other two equations. The 

implicit relationship of va versus. R in equations (5) and (6) 

is the reason why the slope of the curve va = f(R) in methods 

B and C is slower than the explicit relationship of va versus. 

R in equation (4). The nature of the relationship between two 

variables in a physical equation or formula is an indicator of 

the level to which the slopes of the curves of the two types of 

variables are interrelated. Mathematically, the relationship 

between these two variables cannot be generalized, until there 

are detailed experimental tests in the laboratory. 

The curve position of 𝑣̅𝑎 = f(R) of method A is mostly above 

that of methods B and C, as shown in Figure 5. This 

phenomenon is also like the 𝑣̅𝑎 = f(d) phenomenon (R 

remains) in Figure 4. It means that the experimental 𝑣̅𝑎 of 

method A at each type of d and R studied is always higher 

than that of methods B and C. For the intervals of 4 Ω ≤ R ≤ 

281 Ω and 4.58 mm ≤ d ≤ 9.45 mm, empirically the intervals 

of experimental 𝑣̅𝑎 values are 2.79E+01 m/s ≤ 𝑣̅𝑎 ≤ 1.86E+02 

m/s for method A, 6.85E+00 m/s ≤ 𝑣̅𝑎 ≤ 4.38E+01 m/s for 

method B, and 5.98E+00 m/s ≤ 𝑣̅𝑎 ≤ 4.98E+01 m/s for 

method C, respectively. Besides being caused by the nature 

of the relationship between the two related variables, another 

contributing factor is the difference in physical phenomena 

and assumptions of physical conditions as the theoretical 

basis for analyzing the formulation of each related theoretical 

fluid flow rate equation. 

It was found that there is sophistication in the study of the 

suitability of this fluid dynamics concept. A theoretical 

relationship of 2 variables is implicit but through 

experimental studies, the relationship becomes explicit and 

conforms to the concept of fluid dynamics. Mathematically, 

equation (5) shows the variable va is independent of the 

variables d and R, while equation (6) shows the variable va is 

not a function of the variable R. However, experimental facts 
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show the nature of the dependence of the variable va on either 

d and, or R is real. The theoretical facts are verified 

differently by the experimental facts.     

3.2 Precision level of experimental va measurement results  

The overall mean AU from the measurement results of 

methods A, B and C are 6.29E-01 m/s, 7.19E-01 m/s and 

5.64E+00 m/s, respectively. This is consistent with Figures 6 

and 7, where the tendency of the AU curve of method C is 

more volatile than that of methods A and B. The AU curve 

tendency of method B's is more fluctuating than method A.

  

 

 
Fig. 6. AU = f(d) on some R remains. 

 

 
Fig. 7. AU = f(R) on some d remains. 

 

The fluctuations of the AU curves in Figures 6 and 7 are 

verified by Table 3, where the slope of the AU curve for 

method C, both when d changes (R remains) and R changes 

(d remains) is largest at the highest R2, compared to methods 

A and B. The slope of the AU curve of method B, both with 

respect to d (R remains) and R (d remains) is the smallest 

compared to methods A and C. Under the conditions of AU 

= f(R) with d remains and AU = f(d) with R remains, the AU 

curve slopes majority for the measurement results by all three 

methods are negative. The average R2 of AU in these two 
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conditions is still < 45%, not reaching the level of 

determination of 𝑣̅𝑎 = f(d) with R remains and 𝑣̅𝑎 = f(R) with 

d remians, where the average R2 is > 69%. 

 

Table 3. Curve slope and R2 from AU experiment  

Method  
d changes, R remains R changes, d remains  

Slope (ms-1/m) R2 (%) Slope (ms-1/ Ω) R2 (%) 

A -3.67E+01 18 -3.00E-03 55 

B -1.34E+01 29 -8.50E-04 13 

C 8.64E+01 30 -1.31E-02 63 

 

The fact from the overall AU average, Figure 6, Figure 7, and 

Table 3 shows that the measurement results with the highest 

doubt occurred in method C, followed by methods B and A. 

The precision is the opposite of the hesitation of the 

measurement results. "Precision" refers to the level of 

measurement result reproducibility and measurement result 

consistency carried out repeatedly [26]. High precision means 

that the measurement results are very close to each other or 

give almost similar measurement results, or low measurement 

results variation, or deviation between 2 measurement results 

is very low. Thus, the category of precision level of methods 

A and B is higher than method C. The category of precision 

level of methods C among the other methods is the lowest.   

Regarding the condition of precision of methods A and B, it 

can be explained from the point of view of the practicality of 

the theoretical studies that underlie the equations of each 

measurement method. Historically, both these methods are 

based on the concept of energy conversion. Method B is still 

used and based on the ideal energy conversion concept, 

namely the law of conservation of mechanical energy, which 

ignores the effect of energy loss. Method A already considers 

the impact of inefficiency in the energy conversion 

phenomenon. It's the cause why the quality of precision of the 

measurement results of methods A and B is slightly different, 

where method A is more precise than method B both when d 

changes (R remains) and R changes (d remains).  

The continuity equation and Bernoulli equation are the two 

fundamental equations, which is the basis of the measurement 

equation of method C. The continuity equation states that the 

dynamic fluid discharge (the volume flow rate) throughout 

the flow is the same, including when generated and flowed or 

when entering and exiting the pipe [27, 28, 29]. This 

statement does not correspond to reality (very difficult to 

realize) because the flow of leakage is difficult to avoid, 

especially since the phase of the dynamic fluid for research is 

gas. The research Bernoulli equation used is still idealized. It 

means that when applied, 100% of the drag effect is 

mechanical, and other factors in the real fluid are ignored [27, 

28, 29]. The historical specificity of the equation for C 

method measurements does not appear to anticipate the 

effects of repeated measurement. As a result, method C 

measurements for each type of variable produce the largest 

AU compared to methods A and B, so they have the lowest 

level of precision.    

The differentiation of AU when d is getting bigger at R 

remains (Figure 6) and when R is getting bigger at d remains 

(Figure 7) shows similar tendencies as those shown in Figures 

4 and 5, that is 83% negative slope. Based on the R2 

comparison results in Tables 2 and 3, it is clear that R2 AU 

always < R2 𝑣̅𝑎. The three methods for variable d (R remains) 

have a mean R2 = 26 % for AU (Table 3) and a mean R2 = 70 

% for 𝑣̅𝑎  (Table 2). This category is weak. The three methods 

for variable R (d remains) had a mean R2 = 44 % for AU 

(Table 3) and a mean R2 = 76 % for 𝑣̅𝑎  (Table 2). This 

category is moderate. It is indicates that the dependent 

variable AU is "less strongly differentiated or determined" 

than 𝑣̅𝑎  by the related independent variables. In the concept 

of physics, regarding the correlation of AU for va 

measurement results both when d changes (R remains) and R 

changes (d remains), especially in the field of fluid dynamic, 

"there is no concept" that describes both quantitatively and 

qualitatively. It is different for the correlation of fluid velocity 

with pipe diameter and the electrical resistance of mechanical 

energy generation systems with fluid velocity. On the other 

hand, the value of R2 must be interpreted as a high-low level 

of correlation between the dependent variable and the related 

independent variable. The smaller the R2 value, the lower the 

correlation between the two variables and vice versa. Thus, 

when the condition of d is larger (R remains) and when R is 

larger (d remains), the AU of the measurement results of the 

three methods tend to be smaller, but the correlation level is 

not the same as the correlation level of 𝑣̅𝑎 with the 

independent variable d (R remains) and the independent 

variable R (d remains).   

3.3 Accuracy level of experimental va measurement 

results  

Overall, the average RU of the experimental va measurement 

results of methods A, B, and C are 9.71E-01%, 8.02E+00%, 

and 4.63E+01%, respectively. This fact is confirmed by 

Figures 8 and 9 where the RU curve fluctuation of method C 
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appears to be the highest, and the curve positions majority are 

above methods A and B. The fluctuation and position of the 

RU curve of method A is the opposite of method C. 

Therefore, the largest RU is produced by method C 

measurements, followed by methods B and A.

 
Fig. 8. RU = f(d) on some R remains. 

 

Formulation for the study RU are used the ratio between the 

deviation by the measurement results mean [30]. Generally 

accepted or actual measurement results are the average of 

repeated measurement results. It is certain that the results of 

repeated measurements constantly fluctuate, or each 

measurement results with other measurement results must 

experience deviation. When the value of the measurement 

results is closer to the average measurement results, the 

deviation between the measurement results is smaller, as 

consequently the RU of the measurement results is also 

smaller. On the other hand, the indicator of the accuracy of a 

measurement result is how far or close the value of the 

measurement results is to the generally accepted or actual 

measurement result or the average of repeated measurement 

results. Thus the accuracy category of method A is the highest 

compared to methods B and C. The accuracy category of 

method C is the lowest compared to methods A and B.   

 

Fig. 9. RU = f(R) on some d remains. 

 

This study utilized 1 type of equipment setting and several 

different physical phenomena in creating the three types of va 

equations. Data collection for each type of va equation was 

carried out during the measurement. Therefore, the 

differences in the accuracy of methods A, B, and C 

measurement results are certainly not related to differences in 

equipment types and conditions. Factors affecting the 

accuracy conditions of the three methods are differences in 

the treatment of the physical phenomena underlying each va 

equation. These factors are like the factors affecting the 

precision of measurement results. The differences in 

treatment include: (1) differences in assumptions in utilizing 

physical phenomena during the formulation of the va 

equation; (2) differences in the stages of time of occurrence 
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regarding the physical phenomena selected to formulate the 

va equation so that resulting in a decrease in the capacity of 

converted energy from stage 1 physical phenomena to the 

next stage; and (3) the application of different physical 

concepts among the physical phenomena selected to 

formulate the va equation.  

 

Table 4. Curve slope and R2 from RU experiment  

Method  
d changes, R remains R changes, d remains  

Slope (m-1) R2 (%) Slope ( Ω -1) R2 (%) 

A -5.58E+01 18 7.66E-18 11 

B 2.68E+01 12 1.60E-02 14 

C 1.47E+03 65 1.65E-01 35 

 

The RU differentiation of the experimentally measured va, 

both due to the variable d (R remains) and R (d remains) 

appear to show different tendencies compared to the 

differentiation of 𝑣̅𝑎 and AU. Table 4 shows that the majority 

tendency of the RU slopes of the three methods is positive. 

However, this tendency with R2 is not the same as R2 of 

differentiation 𝑣̅𝑎 and AU, where the average R2 is 31% for 

correlation of RU with d for R remains (weak category), and 

20% for correlation of RU with R for d remains (weak 

category). This fact justifies the proportionality correlation or 

comparability correlation, both when d gets bigger (R 

remains) and R gets bigger (d remains), where resulting in 

RU getting bigger.  

 

CONCLUSIONS  

The three theoretical va equations can produce measurements 

following the concept of fluid dynamics with the slope of the 

𝑣̅𝑎 curve being negative and the determination level of 𝑣̅𝑎 by 

the two independent variables of the study categorized 

strongly. When d changes (R remains), the measurement of 

method A produces the highest differentiation of 𝑣̅𝑎 with a 

strong determination level, followed by method C with a 

strong determination level and method B with a moderate 

determination level. When R changes (d remains), method 

A's measurement yields the highest 𝑣̅𝑎 differentiation with the 

moderate determination level, followed by method C at the 

strong determination level and method B at the strong 

determination level. In the d and R intervals of the study, 

method A measurements yielded the highest overall 𝑣̅𝑎, 

followed by methods C and B. The highest level of precision 

was produced by measurements of method A, followed by 

methods B and C. AU tends to be influenced by the two 

independent variables of the study on the curve slope being 

negative. The category of the AU determination level by the 

independent variable d is weak, and the variable R is 

moderate. The highest level of measurement accuracy was 

produced by measurement of method A, followed by methods 

B and C. RU tends to be influenced by the two independent 

variables of the study in the positive curve slope. The 

category of RU determination level by both independent 

variables d and R is weak. Thus, the type of method that 

produces the first best measurement quality is method A, the 

second best is method B and the third best is method C. 
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