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Abstract 6 

Student understanding of the laws that describe the flow of a fluid is often hampered by a defective 7 

knowledge of basic classical mechanics (kinematics, statics, dynamics, and conservation laws) and 8 

by wrong common-sense ideas about quantities related to fluids, such as velocity and pressure. A 9 

pedagogical discussion about the Venturi effect, based on experiments inspired by historical 10 

instruments, may be an effective way to introduce students to these laws. In this paper, we discuss 11 

an approach to the understanding of the Venturi effect based on the study of historical 12 

instruments and on simple experiments. In particular, after a presentation of the Venturi effect, 13 

also from a historical point of view, we illustrate some interesting applications, the Venturi meter, 14 

the Bunsen burner, the Venturi vacuum pump, and propose some simple experiments. 15 
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1. Introduction 28 

History of Science and Scientific Museums have a central role in enhancing the understanding of 29 

scientific concepts and physical phenomena, which can be bolstered using pedagogical paths, from 30 

an historical approach and including the study of working principles and the nature of scientific 31 

instruments [1-4]. Research shows that, among the Physics subjects taught in schools, the laws 32 

that describe the fluid flow seem to be hard to be authentically understood by students [5-7]. 33 

Indeed, this requires a good knowledge of basic classical mechanics and some close understanding 34 

of specific concepts related to fluids, such as velocity lines (streamlines) and pressure [8]. 35 

Moreover, many common-sense ideas about the above-mentioned concepts (i.e. pressure vs. 36 

velocity and static vs. dynamic pressure) have been identified as negatively influencing an 37 

authentic understanding of the laws that describe the fluid flow [7-9]. The decrease of fluid 38 

pressure where its speed increases (e.g. in the constriction of a pipe) often surprises students. 39 

This may be due to their difficulty in distinguishing between pressure within the moving fluid 40 

(static pressure) and the pressure of the fluid on something that interferes with its flow (dynamic 41 

pressure). In our experience, many undergraduate science-degree students, and also some 42 

teachers at secondary-level school, are unaware of this distinction. A pedagogical approach to 43 

the laws that describe the flow of a fluid based on a discussion of the Venturi effect may be an 44 

effective way to introduce students to these laws. The idea that static pressure must be 45 

distinguished from dynamic pressure can arise in students’ minds through experiments. The 46 

educational research shows evidences of this [6,8], highlighting that the students’ common-47 

sense idea that the greater the fluid velocity the greater its static pressure can be due to an 48 

incorrect interpretation of real-life experience, as in the case of the experiment of covering a 49 

hose’s outlet mouth to increase the fluid velocity when exiting the hose mouth: the smaller the 50 

outlet mouth the greater the force exerted by the water on the finger [5]. Since students easily 51 

associate this force with the pressure of the fluid inside the hose, they conclude that the higher 52 

the velocity the greater the static pressure of the fluid in motion must be. Moreover, the fact 53 

that, according to common sense, force is easily linked to velocity rather than to acceleration 54 

[9] only reinforces the uncorrected students’ interpretation of the relationship between pressure 55 

and velocity in a fluid. Other authors suggest that this idea may also be related to the perception 56 

of liquids as compressible substances [7], so that when the water flows from a wide pipe to a 57 

narrower one it is seen as compressed and thus its static pressure should increase. 58 

In this paper, we will discuss an approach to the understanding of the Venturi effect based 59 

on the study of historical instruments and on the realization of simple experiments that may help 60 
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to redirect student common-sense ideas about pressure and velocity in a fluid towards conceptions 61 

more coherent with scientific knowledge. After a description of the Venturi effect, some simple 62 

experiments will be described that illustrate very well the principles of operation of the Venturi 63 

meter, the Bunsen burner, and the Venturi vacuum pump. Finally, we will show a Bunsen burner 64 

and a Venturi vacuum pump of the Historical Collection of Physics Instruments at the Palermo 65 

University [10]. 66 

 67 

2. Theoretical framework 68 

It is well acknowledged that experimentation in the laboratory substantiates and contextualizes 69 

scientific knowledge and understanding. The laboratory is a perfect environment to bolster 70 

student authentic learning [11-16], as it allows students to think about the phenomena they want 71 

to study and to discuss them in specific contexts. Furthermore, it allows students to solve real 72 

problems, to isolate and study the quantities that can be considered relevant for the description 73 

and/or explanation of the phenomenon, and to build models representing the relationships 74 

among the quantities experimentally observed. In this way, students can develop skills and 75 

attitudes, not only knowledge that is just an intermediate step in the learning process [17]. On 76 

the other hand, an understanding of the social, political, and scientific contexts, in which the 77 

laboratory experiments were thought and developed, may help students to see Science as a human 78 

endeavour, focused on the construction of logical, rational and objective conjectures, in continuous 79 

evolution and fully part of the Culture [18-20], rather than as a mere collection of rules and 80 

algorithms to be memorized in order “to solve problems”. In this view, it may be valuable and 81 

interesting for students to deepen the relationship between the laboratory instruments as 82 

artifacts [21] and the natural phenomena they were designed to study, by referring to historical 83 

scientific instruments kept in University scientific collections and museums [1-4]. Their use may 84 

help students to understand the physical laws that they are based on, since their operating principles 85 

are often easy to study [22,23]. Moreover, it has been shown that an exploration that starts from 86 

the replica of historically and conceptually significant experiments, even presented in their original 87 

historical context and thoroughly discussed in their technical and conceptual aspect, can help 88 

students to enrich their understanding, grasping many relevant aspects of the nature of the scientific 89 

topics studied [24]. 90 

 91 

 92 

 93 
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3. The Venturi effect 94 

In 1797, the Italian hydraulic engineer Giovanni Battista Venturi (1746-1822) reported that a 95 

fluid, flowing through a constriction in a pipe, drags a second fluid along with it from a 96 

secondary pipe. Figure 1 shows the static pressure at various points in a horizontal pipe of 97 

changing size [25]. Because of the principle of continuity, which expresses the conservation of 98 

mass in a given space occupied by a fluid, in the constriction, fluid speeds up. The result is that 99 

its static pressure is the lowest where the fluid speed and the pipe constriction are the greatest. 100 

In Fig.1, the height of the liquid in the vertical straws is related to the static fluid pressure at 101 

various points along the pipe. The liquid in the straws is pushed up by the atmospheric pressure, 102 

pa, acting on the liquid in the bath Q and it is pushed down by the pressure, p, within the pipe, 103 

thus: pa =  g z + p , where  is the density of the liquid inside the straws, z the height of the 104 

liquid in the vertical straws, and g the gravitational acceleration. The pressure inside the straw, 105 

above the liquid, is less than the outside atmospheric pressure, which therefore pushes up the 106 

liquid at the bottom of the straws. Thus, where the height of the liquid in the straws is maximum 107 

the static pressure in the horizontal pipe is minimum, indicating that static pressure is least at 108 

the narrowest point of the pipe. An insight into the historical development of hydrodynamics is 109 

given by Ref. [26] 110 

 111 

 112 

Figure 1. Pressure at various points in a pipe of changing size, from Venturi’s original paper [24]. 113 
 114 

The Venturi effect can be explained by the Bernoulli principle, named after that Daniel 115 

Bernoulli (1700-1782) published, in 1738, his book Hydrodynamica [27]. For a smooth steady 116 

flow (laminar flow) of an incompressible ideal fluid, the Bernoulli’s equation is 117 



5 

 

 118 

where ρ is the density of the fluid, v its speed, h its elevation, and p its internal static pressure. 119 

It is worth noting that changes in velocity and pressure should be considered along the same 120 

streamline, whereas the elevation h should be considered with respect to the fixed level. 121 

Bernoulli’s equation is the result of applying the conservation of energy to a flowing ideal fluid, 122 

in the absence of friction. From Eq.(1), at constant h, the Venturi effect derives 123 

 124 

an increase in v causes a decrease in p, and vice versa. In most cases, the elevation h in Eq.(1) 125 

remains constant along the constriction in a pipe, or its variation can be neglected with respect 126 

to the other addends. It is worth noting that pressure and velocity are described by Bernoulli’s 127 

equation independently of the direction of flow. In the constriction, for the continuity equation, 128 

the speed of the fluid is greater than the speed of the fluid in the rest of the pipe and therefore 129 

the static pressure in the constriction is smaller than elsewhere along the pipe. Changes of the 130 

static pressure can be illustrated by a flow of water that contains gas bubbles. The bubble size 131 

depends on the surrounding water static pressure. When water speeds up, pressure decreases 132 

and the bubble size gets bigger. Conversely, when water slows down pressure is higher than 133 

before and, consequently, air bubbles get smaller [28]. 134 

 135 

4. Experimental demonstration of the Venturi effect and its applications 136 

Simple experiments on the Venturi effect can be carried out in the classroom to introduce 137 

students to the topic and to deal with the physical laws necessary to explain what they observe. 138 

These laws describe the working principles of instruments that students can easily find in real-139 

life contexts. Simple models of these instruments, such as the Venturi meter, can also be easily 140 

built by students, actively engaging them in the discussion of their operating principle. 141 

An experiment consists in blowing into a long tubular plastic bag (e.g. about one meter 142 

long and 20 cm wide) with the mouth attached to the bag’s opening. A volume of about 4 litres 143 

of air (corresponding approximately to the amount contained in human lungs) will inflate the 144 

bag. Conversely, if one blows with the mouth about 10 cm away from the bag’s opening, 145 

surprisingly much more air will go inside the bag inflating it immediately. This is so because 146 

the high velocity of the air flow in the region in front of the bag’s opening determines a static-147 

pressure decrease that makes air from the surroundings to go into the bag, inflating it more and 148 

more quickly. For a better understanding of the airflow, in Fig.2 we show the qualitative 149 
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distribution of streamlines of the airflow around the mouth and the bag’s opening. This effect 150 

can help the teacher to explain the operation of the so-called bladeless air multiplier fan [29]. 151 

 152 

 153 

Figure 2. Qualitative distribution of streamlines of the airflow around the mouth and the bag’s opening: 154 
a) mouth close to the bag’s opening; b) mouth about 10 cm away from the bag’s opening. 155 

 156 

The reduction of static pressure in fluids due to the Venturi effect is at the basis of the 157 

principle of operation of many instruments and devices widely used in real-life contexts; the 158 

most important is the Venturi meter, an apparatus for measuring the quantity of liquid flowing 159 

through a pipe, patented in 1888 by the American hydraulic engineer Clemens Herschel (1842-160 

1930). Figure 3 shows Herschel’s drawing of the Venturi meter used with a mercury pressure 161 

gauge [30], which measures the differential pressure p = p1 – p2, where p1 and p2 are the static 162 

pressures in the pipe and in the constriction, respectively. From p, by using Bernoulli’s Eq.(1) 163 

and the continuity equation, one obtains the flow speed v1 in the pipe 164 

 165 

where S1 and S2 are the cross-sectional areas of the pipe and of the constriction, respectively. It 166 

is worth noting that actually the Venturi meter works well at low fluid-flow velocity when the 167 

energy dissipation, due to the viscosity (internal friction) of real fluids, is negligible. 168 
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 169 

 170 

Figure 3. Herschel’s drawing of the Venturi meter used with a mercury pressure gauge [30]. The figure 171 
shows the Venturi meter when no fluid flow is present in the pipe. The horizontal lines in the drawing 172 
inside the pipe are not streamlines; they are simply technical lines to represent a cylindrical section.  173 

 174 

For educational purposes, students may build a simple Venturi meter by using a 175 

U-shaped pipe, filled with coloured water, connected to a horizontal tube, as shown in Fig.4, in 176 

which an air flow is established. Initially, the water in the two arms of the U-shaped pipe is at 177 

the same level (indicated by the thin arrows in Fig.4a); conversely, in the presence of an air 178 

flow in the horizontal tube, the water level in the two arms are now different (indicated by the 179 

thin arrows in Fig.4b) due to the different static pressures at the top of the two arms: the 180 

atmospheric pressure in the open arm and the airflow static pressure in the other arm. By 181 

measuring this difference in level (in the case shown in the figure is about 25 mm), one can 182 

approximately determine the speed of the airflow inside the horizontal tube. This effect can also 183 

help the teacher to explain the operation of the atomizer, developed in 1887 by the American 184 

otolaryngologist Dr. Allen De Vilbiss (1841-1917) and patented in 1888 [31] as a medical 185 

device, known as a dispenser for perfumes and spray guns for paint applications [32]. 186 

 187 

 188 
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 189 

Figure 4. A simple Venturi meter built by using a U-shaped pipe (vertical tube), of 2 mm inner diameter 190 
and 11 cm long, connected with a horizontal tube of 4 mm inner diameter. (a) no air flow is present in 191 
the horizontal tube; (b) in the presence of an air flow in the horizontal tube, the two water levels now 192 
differ, as indicated by the thin arrows. 193 
  194 

4.1.  The Bunsen burner 195 

In the first edition of his Chemical Manipulations of 1827, Michael Faraday (1791-1867) 196 

described a gas burner consisting of a movable metallic cone placed at the top of the metallic 197 

gas outlet. By raising the cone above the top of the burner, the air supply, from outside, could 198 

be increased, producing a non-luminous flame with a blue inner cone [33]. Some years later, 199 

August Wilhelm von Hofmann (1818-1892), working at the Royal College of London, built a 200 

burner in which the air-gas mixture flowed through a cylindrical wire gauze before ignition, so 201 

preventing the danger of flashbacks [34].  202 

In 1852, Robert Wilhelm Bunsen (1811-1899), Professor of Chemistry at Heidelberg 203 

University, asked that his laboratory was equipped with gas piping, both for lighting and 204 

heating. When his student Henry Roscoe (1833-1915), back from London, showed him a gauze-205 

type burner, Bunsen noticed that it delivered a too large and unsteady low-temperature flame, 206 

owing to the excessive gas-air dilution. So, Bunsen asked to the mechanic Peter Desaga (1812-207 

1879) to design a simple burner, without gauze, that could deliver a non-luminous soot-less 208 

flame for his spectral investigations [35]. Desaga realized a simple model (Fig.5 and Fig.6), 209 
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which consisted of a vertical metallic pipe (barrel), bearing a nozzle and two lateral holes at its 210 

base. Gas flow could be regulated by the tap in the pipe for the gas inlet, and the air inlet could 211 

be adjusted by rotating a sliding collar, at the barrel’s base, thus opening or closing the holes. 212 

When the gas flowed upward through the nozzle, its speed increased, while its static pressure 213 

decreased, giving rise to an inward airflow through the lateral holes. So, before ignition, the gas 214 

was mixed with air, in an adjustable ratio. This caused a complete combustion of the 215 

mixture [3], with a smaller non-luminous soot-less flame, and a greater heating power 216 

[3,35,36], with which a temperature of about 1400°C could be reached. 217 

 218 

Figure 5. Drawing of a Bunsen burner and its non-luminous flame [2]. 219 
 220 

The Bunsen burner, shown in Fig. 6, belongs to the Historical Collection of the Physics 221 

Instruments at the University of Palermo, Italy [10]. The burner is made of cast iron (base) and 222 

brass (pipe, collar and valve) and it is provided with a needle valve for gas flow adjustment. It 223 

probably dates back to the end of the 19th century and was used as a laboratory tool. 224 
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 225 

Figure 6. Bunsen burner with needle valve for gas flow adjustment (8  8  12.5 cm). (Courtesy 226 
Historical Collection of Physics Instruments of the University of Palermo, Italy) 227 

 228 

Bunsen used this colourless flame also for analytical purposes. By introducing salts of 229 

different cations, it was coloured in different specific ways. Then, with Gustav Robert 230 

Kirchhoff (1824-1877), Bunsen designed and built a spectroscope, by which they identified the 231 

different cations from their radiation spectra [37], providing a new diagnostic tool for 232 

qualitative analysis. 233 

 234 

4.2. The Venturi vacuum pump 235 

In the Venturi vacuum pump, a flow of water passes through the restriction of a straight pipe 236 

where the fluid velocity increases and the static fluid pressure decreases. In 1865 the German-237 

British chemist Hermann Sprengel (1834-1906) developed a “pneumatic machine” based on 238 

the ancient technology of the “trompe” (a hydraulic air compressor), developed in Italy around 239 

1588 [38] to provide compressed air for large forges and mines. In the Sprengel pump, columns 240 

of mercury falling downward in a pipe produced a better vacuum than that obtained with the 241 

usual air pumps [39]. Sprengel suggested that also water columns should behave in a similar 242 

manner. The same year, the Swiss chemist, Jules Piccard (1840-1933) developed the Venturi 243 

vacuum pump (water aspirator) sketched in Fig.7 [40,41], which provided a continuous and 244 

uniform pressure difference, greatly improving the speed and the efficiency of filtration of 245 

solid-liquid mixtures [41]. 246 
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 247 

Figure 7. Piccard’s apparatus for vacuum filtration with the Venturi vacuum pump [40]. 248 

 249 

Later, two different kinds of Venturi vacuum pump were developed. Figure 8 (left) 250 

shows a drawing of the metal pump made by Mr. E.C. Chapman, in Brooklyn, N.Y. [42]. 251 

Figure 8 (right) shows a drawing of a glass pump [43]. From the lateral hose, connected with 252 

the low-pressure chamber, one can create a relatively high vacuum, limited by the vapour 253 

pressure of the water, about 3 kPa (24 mmHg), at room temperature. These simple and cheap 254 

mini-vacuum pumps have been widely used in research laboratories. 255 

 256 

Figure 8. A drawing of Venturi vacuum pumps: (left) a metallic pump [42]; (right) a glass pump [43]. 257 
Vertical arrows indicate the water flow, horizontal arrows indicate the air flow. 258 



12 

 

Figure 9 shows the Venturi vacuum pump belonging to the Historical Collection of the 259 

Physics Instruments [10], which was purchased in 1936 by Emilio Segrè (1905-1989), during 260 

his stay in Palermo as Director of the former “Istituto di Fisica” (today Department of Physics 261 

and Chemistry - Emilio Segrè). It was probably used by Segrè and the mineralogist Carlo 262 

Perrier (1886-1948) in the experiments of radiochemistry that led, in 1937, to the discovery of 263 

the element Technetium [44]. 264 

 265 

 266 
 267 

Figure 9. Venturi vacuum pump made of chrome-plated brass (5  2  35 cm), purchased by Emilio 268 
Segrè in 1936. (Courtesy Historical Collection of Physics Instruments of the University of Palermo, 269 
Italy) 270 
 271 

5. Discussion and conclusions 272 

An approach to the understanding of the Venturi effect based on the study of historical 273 

instruments and by simple experiments has been discussed here. Some interesting applications 274 

of the Venturi effect, the Venturi meter, the Bunsen burner, the Venturi vacuum pump, and the 275 

atomizer, relevant also from a pedagogical point of view, have been presented. The proposed 276 

simple experiments on the Venturi effect can be carried out in the classroom to introduce 277 

students to the study of basic laws of hydrodynamics. Simple models of these instruments, such 278 

as the Venturi meter, can also be easily built by students, actively engaging them in the 279 

discussion of the fluid-flow laws. It allows students to think about the phenomena they are 280 
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studying, to discuss them in specific contexts, and to build models representing the relationships 281 

among the quantities experimentally observed. Finally, historical instruments with 282 

experimental demonstrations can be used to bolster an authentic understanding of the laws 283 

describing the flow of a fluid, and to redirect some typical students’ common-sense ideas about 284 

pressure and velocity in a fluid towards conceptions more coherent with scientific knowledge. 285 

 286 
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