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The Engineering of Everyday Things: 

Simple Experiments for the Thermal and Fluid Sciences 

 

Abstract 

A series of demonstrations and laboratory exercises have been developed to teach fundamental 

concepts in the thermal and fluid sciences of the undergraduate engineering curriculum. This 

material is part of an educational research project called the Engineering of Everyday Things. 

The title reflects the use of common technology like hair dryers, blenders, toasters and bicycle 

pumps, which are used to demonstrate principles of thermodynamics, fluid mechanics and heat 

transfer. The project also uses simple laboratory devices such as pipes with sudden expansions 

and open tanks of water. This paper provides an overview of the EET project and shows how this 

material can be used as in-class demonstration or as in guided-inquiry laboratory exercises. 

Representative results of formative assessment for the in-class demonstrations, learning gain, and 

attitude change for the guided-inquiry exercises are given. 

 

Introduction 

The Engineering of Everyday Things (EET) project introduces simple exercises for laboratory 

classes or for use as in-class demonstration, or as supplemental instruction outside of the class. 

The EET exercises use simple hardware that is either based on consumer items like a hair dryer 

or a blender, or simple equipment like an open tank of water or a duct with a change in area. The 

use of consumer items is designed to engage students by demonstrating the relevance of their 

coursework to their everyday lives. Because the equipment is simple or familiar to students, we 

believe they are more likely to reveal their misconceptions about the core concepts necessary for 

the equipment to function. The EET laboratory exercises use a guided inquiry approach to 

challenge student misconceptions, and to promote deeper understanding through qualitative 

reasoning. 

 

 This paper gives an overview of the project and presents some research highlights on 

student learning gains and attitude change. Details of specific exercises are presented in 

companion papers.  Our goal is to develop interest in this approach to instruction and to show 

faculty how they can easily incorporate these ideas into their lecture-based and laboratory-based 

classes. 

 

Overview of Laboratory Equipment and Exercises 

The laboratory exercises share some common ideas. First, the experimental hardware is simple, 

and where possible uses everyday technology such a blender, a hair dryer, or a toaster. A series 

of fluid mechanics experiments use simple hardware to explore the hydrostatic equation, 

transient mass conservation and jet momentum, the Bernoulli equation, and the Energy Equation. 
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 The second common feature is the use of electronic data acquisition devices and computer 

control to automate the data collection. The goal is to relieve tedium and get students interested 

in follow-courses on sensors and data acquisition. For some students, these laboratory exercises 

may be their first exposure to data acquisition systems. 

 

 Another common feature is the use of guided-inquiry to promote student engagement in the 

laboratory measurements. This approach is in contrast to the conventional undergraduate 

laboratory experience where students follow a cookbook for making measurements and then go 

home to analyze the data. All of the EET laboratory exercises use this guided-inquiry approach. 

 

 Another commonality is the attempt to promote deeper understand by confronting 

misconceptions and exposing students to qualitative reasoning. These common themes are 

discussed more detail in conjunction with specific examples from the set of EET experiments. 

The equipment used in the project is listed here: 

1. Blender 

2. Hair dryer 

3. Toaster 

4. Bicycle pump 

5. Tank filling/draining 

6. Sudden Expansion 

7. Power supply 

 

 The EET equipment is designed to be useful in different ways. The obvious use case is as 

part of an undergraduate engineering laboratory experience. For example, we have use the tank 

filling exercise, the tank draining exercise, and the sudden expansion exercises in the lab sections 

for an undergraduate fluid mechanics course. The Blender, Hair Dryer, Toaster and Bicycle 

Pump have been used both as in-class demonstrations and as laboratory exercises. As in-class 

demonstrations, the Blender, Hair Dryer, Toaster and Bicycle Pump are used for formative 

assessment. 

 

 To help develop the learning exercises we have offered the Blender, Hair Dryer, Toaster and 

Bicycle Pump as supplemental exercises. After giving an in-class demonstration, we schedule 

open lab times for students wishing to learn more. This usually attracts 8 to 12 of the more 

motivated students who come in small groups. Those students have helped us test and improve 

our laboratory exercises. 

 

 Yet another use of the exercises is for K-12 outreach. The Blender and Toaster equipment 

have been popular with elementary school students and groups of prospective students and their 

parents. Of course in these situations, the equipment is used for demonstration, not for 

instruction in engineering principles at the undergraduate level. The Blender, Toaster and Hair 
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Dryer exercises have also been adapted to support an all-day workshop for talented high school 

students. 

 

Qualitative Reasoning: Blender Exercises 

McDermott and other have shown that qualitative reasoning is a distinct and important skill for 

deeper learning of physics1. We define qualitative reasoning as the use of engineering models to 

predict system response when all terms in the model are not fully specified and when time and 

other resources are not available for detailed quantitative analysis. Qualitative reasoning involves 

manipulating an analytical model with one of the following 

• forming ratios; 

• neglecting all but the dominant terms; and 

• using common sense. 

Qualitative reasoning is a procedural skill that complements and requires conceptual 

understanding. Students skilled in qualitative reasoning do not merely pick a formula and solve 

for an unknown. They understand relationships between the variables (important factors). 

 

 The EET blender exercises give students practice with qualitative reasoning. Figure 1 is a 

photo of the equipment used to demonstrate the equivalence of work and energy – a modern 

version of Joule's experiment. The apparatus includes an ordinary kitchen blender; 

thermocouples mounted on rigid wooden supports (chopsticks); a four-channel data acquisition 

device (NI USB-9211), a computer running LabVIEW, and a power meter (Watts Up? Pro). 

 

 The blender has been used in two ways: as an in-class demonstration, and as a two hour 

laboratory exercise. The in-class demonstration is given before the students have attended 

lectures on the rate form of the first law of thermodynamics. The blender is half-filled with 

water. Before turning on the blender, students are asked to complete the one page worksheet in 

Appendix A. The worksheet asks the students the following questions. 

1.  When the blender is turned on, will the water temperature increase, decrease, or 

stay the same? 

2.  Will the change in temperature be obvious, barely noticeable, or non-existent? 

3.  Why will the temperature of the thermocouples change the way you predicted? 

4.  What formula can be used to explain how the water temperature is related to the 

action of the spinning blades? 

5.  What course, learning experience, or life experience is most responsible for your 

ability to answer the preceding questions? 

The answers are collected and used in a formative assessment. The entire demonstration, 

including completion of the worksheets, takes fifteen minutes.  As shown by Crouch et al., 

having the students make a written commitment to their thinking is more effective than having 

them passively witness the demonstration2. 
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Figure 1 Equipment used in the blender exercise. 

 

 

 The blender demonstration has been used in a first thermodynamics course for 

mechanical and civil engineering students. Table 1 shows categorically grouped responses to the 

third question of the worksheet for the in-class demonstration given to two groups of students. 

 

Table 1 Categorized responses to the question, “Why will the temperature of the 

thermocouples change the way you predicted?” 

 Fall 2008 Spring 2008 Fall 2007 

Aggregate Response Category N (%) N (%) N (%) 

First law or energy balance for system 37 (47) 31 (59) 28 (41) 

Mechanistic view: kinetic energy & friction 21 (27) 7 (13) 25 (37) 

Heat transfer 6 (8) 3 (6) 8 (12) 

Other, not relevant to explain system behavior 14 (18) 12 (23) 7 (10) 

Total 78  53  68  

 

 The data in Table 1 show that a significant fraction of students (27 percent in Fall 2008, 

13 percent in Spring 2008, and 37 percent in Fall 2007) have a mechanistic view of the role of 

shaft work.  The mechanistic model explains the temperature change of the water as resulting 
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from dissipation of the kinetic energy of water molecules, or on friction between the blender 

blades and the water. This perspective reflects the way that the first law is taught in introductory 

physics classes. The mechanistic model is correct, but it is not particularly useful in engineering 

analysis at the system level with the first law of thermodynamics. Students also need to learn to 

use the first law as a macroscopic energy conservation principle for systems. 

 

 It is important to note that the instructors for the Thermodynamics sections were not part of 

the research team. For the Spring 2008 section, the instructor had discussed the role of shaft 

work before the blender demonstration. That is likely to account for a larger fraction of students 

(59 percent versus 41 percent) who explained the temperature change with the first law of 

thermodynamics. 

 

 The blender is also used in a guided-inquiry laboratory exercise. The laboratory worksheets 

for the exercise are included as Appendix B. Students perform a laboratory exercise that takes 

two hours. The laboratory exercise uses guided-inquiry to lead students to discover how the 

energy storage and shaft work are manifest in the behavior of the blender.  The thermocouple 

signals are acquired from the DAQ, are displayed with a LabVIEW VI, and are post-processed 

with a MATLAB program. The focus of the exercise is on manipulating hardware and collecting 

data, not on the details of data acquisition. 

 

 The laboratory exercise begins with warm-up problems on the rate form of the first law, and 

on possible choices of control volumes for the system. We found these warm-up problems to be 

very helpful because qualitative reasoning is a new skill for students, and because (in our 

approach) the students have only recently been reintroduced to the first law of thermodynamics. 

See Appendix B, section 3.3. 

  

 The first part of the blender exercise investigates the effect of varying the amount of water 

in the blender. Qualitative analysis involves manipulating the rate form of the First Law of 

thermodynamics 

  mc
dT

dt
= ˙ Q " ˙ W  (1) 

The first law for two different masses of water is 

  ˙ m 
1
c ˙ T 

1
= ˙ Q 

1
" ˙ W 

1
            ˙ m 

2
c ˙ T 

2
= ˙ Q 

2
" ˙ W 

2
 (2) 

where ˙ T = dT /dt . Take the ratio of those two instances of the energy equation and simplify by 

assuming that ˙ Q 
2
" ˙ W 

2
# ˙ Q 

2
" ˙ W 

2
, that ˙ Q  is small, and that ˙ W  does not change when m changes 

since the speed is constant. Under these assumptions the ratio of the two formulas in 

Equation (2) can be rearranged as 
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The values of ˙ T 
1
 and ˙ T 

2
 are easily be determined from the measured T(t) data by forming ratios. 

The unknowns in the analysis (c, m, ˙ Q  and ˙ W ) can be eliminated while the essential feature of 

the governing equations is retained. These kinds of manipulations are sometimes called back of 

the envelop calculations. It is a form of analysis that requires a deeper understanding of the 

physical principle and the mathematical model. 

 

 Measurements show that the trend predicted by Equation (3) is correct, but the measured 

data are not in quantitative agreement with the formula. The work input, ˙ W , depends weakly on 

the mass in the blender. Also, energy is stored in the blender pitcher material as well as the 

water. Students are lead through qualitative reasoning exercises to show that these are plausible 

explanations for the failure of Equation (3) to match the measured data.  In the spirit of inquiry-

based pedagogy, students can quickly show how ˙ W  depends on m. 

 

 A second experiment is performed with the amount of water held constant and the speed of 

the blender varied.  Figure 2 shows typical measurements of the T(t) curve at two blender speeds. 

Forming a ratio, and performing simplifications analogous to those that lead to Equation (3) 

gives 

  
˙ T 
2

˙ T 
1

=
˙ W 

2

˙ W 
1

 (4) 

which agrees reasonably well with the data in Figure 2: ˙ W 
2
/ ˙ W 

1
= 2.49 and ˙ T 

2
/ ˙ T 

1
= 2.72. 

 

 The blender exercise provides a good example of thinking of the first law as a rate equation, 

not just as a relationship between equilibrium end states. Testing the exercise on small groups of 

student volunteers showed that the guided inquiry worksheet needed additional scaffolding to 

show students the two forms of first law and to ask them which form would be most useful in 

analyzing the blender performance. The blender exercise also shows students how to use ratios 

as a qualitative and quantitative reasoning technique. It is illuminating to show in concrete terms 

how to use an equation when it is difficult to find numerical values for each term in the equation.  

The blender data also allows students to see the dominant terms: changing speed causes an 

instantaneous change in the rate of increase in temperature with time. Since the temperature 

increase is instantaneous, and since temperature increases linearly with time before and after the 

speed change, the rate of work input is the dominant reason for the change in slope of 

temperature with time. 
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Figure 2: Average thermocouple temperatures as the blender speed increases from puree to 

liquify with one liter of water in the pitcher. Nominal power consumption is 113 W 

during puree and 281 W during liquify. 

 

 

Everyday Technology: Toaster Exercises 

The Blender exercises are an example of how everyday technology can be used to illustrate 

engineering principles. In the Engineering of Everyday Things project, laboratory exercises have 

been also developed for hair dryers, bicycle pumps and toasters. In this section the use of toaster 

to explore mixed mode heat transfer is demonstrated. 

 

 A kitchen toaster is used to demonstrate the role of surface properties in radiation heat 

transfer.  Instead of bread, pieces of sheet metal having different thicknesses and different 

surface treatments are placed in the slots of the toaster. Thermocouples measure the transient 

temperature response of the sheet metal.  Both the heating and cooling response of the toast is of 

interest.  The cooling occurs when the sheet metal is removed from the toaster and suspended in 

quiescent laboratory air, or downstream of a fan. The laboratory exercise is designed for students 

in the first heat transfer course typical of the curriculum for a Bachelor of Science in Mechanical 

Engineering. It is also useful for outreach to K-12 students. 

 

 Figure 3 is a photograph of the apparatus, which consists of an ordinary kitchen toaster, a 

computer, a data acquisition system (DAQ), thermocouples, and two pieces of U-shaped sheet 

metal. The thermocouples are attached to the inside surfaces of the sheet metal. For the results 

presented here, the sheet metal is from the same stock material, which is 0.635 mm (0.025 inch) 

thick. Some of the sheet metal pieces are painted with black engine paint.  Some pieces have 

surfaces that have been roughened with sand paper.  Other pieces are in the as-received 
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condition. Running the experiment clearly shows that the black toast heats up faster than the 

unpainted sheet metal toast. 

 

 

Figure 3 Sheet metal “toast”, toaster, and fan The thermocouples are not attached to the toaster. 

The thermocouples attached to the sheet metal toast are connected directly to the 

DAQ, which is not shown. The fan is used to cool the toast and introduce the contrast 

between free and forced convection. 

 

 Besides its use for demonstrations, the toaster apparatus can be used to teach more subtle 

concepts associated with mixed-mode heat transfer. Figure 4 shows the temperature data for a 

heating and cooling cycle for the two pieces of sheet metal “toast” shown in Figure 3. The 

surface of one of the samples was roughened slightly with 320 grit sandpaper to provide a 

uniform surface finish plain in color. The other sheet metal sample was painted with black 

engine paint – a high temperature enamel available in automotive supply stores. Two 

thermocouples were attached to the sides of each piece of toast. In Figure 4, T1 and T2 are the 

temperatures of thermocouples attached to the plain, but roughed sheet metal. T3 and T4 are the 

temperatures of the thermocouples attached to the sheet metal that is painted black. 

 

The top two plots are temperature versus time and are identical except for the gray bands that 

indicate the time intervals selected for analysis. The bottom two plots are dT/dt versus T. The 

bottom left plot shows the dT/dt versus T data corresponding to the band of heating data in the 

upper left plot. The bottom right plot shows the dT/dt versus T data for the cooling process 

identified by the gray band in the upper right plot. 
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At the start of the experiment, the sheet metal pieces are inside the toaster at room temperature. 

The heating coils are engaged by depressing the lever that lowers the toast into the toaster. 

Within 30 seconds the black toast has reached 200 C. At the time of peak temperatures in 

Figure 4, the heating coils are turned off and the pieces of toast are removed with pliers. The 

toast is held downstream of the cooling fan running at its highest speed. Notice that the entire 

procedure is not carefully controlled, as would be the case during an in-class demonstration. 

 

 The data in Figure 4 show that the heating process is strongly affected by the surface 

condition of the toast. In the lower left plot, the rate of heating dT/dt is substantially higher for 

the black toast than for the plain toast at the same temperature. In the lower right plot, the rate of 

cooling for both pieces of toast is comparable, though not exactly equal. When the sheet metal 

pieces are held downstream of the fan, the cooling process is dominated by convection. When 

convection is strong enough, the radiative properties of the sheet metal are less important. 

Whether this is used as an in-class demonstration or as a lab exercise, this relatively simple 

apparatus provides a concrete and practical way to introduce mixed mode heat transfer. 
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Figure 4 Measurements and least squares fit to data for the third trial of the toaster experiment 

where the cooling phase of the insulated toast was assisted by a fan. The top row of 

plots shows the T(t) data recorded by the thermocouples.  The vertical bars delineate 

the data selected for analysis during the heating phase and cooling phase.  The bottom 

row of plots shows the least squares fit of dT/dt = f(T) to the data. 
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Addressing Misconceptions: Tank Filling 

It is well known that our ability to learn is affected by our cumulative experience or prior 

knowledge3, 4. Sometimes our prior knowledge is wrong. In this case, new information presented 

in a lecture or laboratory may be superficially accepted, but not deeply learned. In other words, 

successfully learning a new topic requires removing misconceptions that interfere with the new 

knowledge. 

 

 In this research project, laboratory exercises were devised so that misconceptions are 

exposed and corrected when students make direct measurements. The tank filling exercise has 

two main functions. First, because the technical content is rather simple, the tank filling exercise 

is used to introduce students to the inquiry-based approach to lab work.  Second, the tank filling 

exercise is designed to improve student understanding of the hydrostatic equation. It exposes a 

misconception about the hydrostatic pressure in a liquid, namely that the pressure at the bottom 

of a tank is determined by the amount of water in the tank, not the depth of water in the tank. The 

tank filling exercise is described in more detail in another paper5. An abbreviated discussion of 

the tank-filling exercise is presented here. 

 

 

Figure 5 Apparatus for the tank filling exercise. 

 

 Figure 5 is a schematic the equipment for this laboratory exercise.  The key components are: 

two cylindrical tanks, one with straight walls (single diameter) and another with a step-shaped 

wall (two diameters); a pressure transducer mounted on the side of each tank; a power supply to 

provide electrical energy to the transducer; a data acquisition device (DAQ) for digitizing the 

transducer output; and a computer to record and display the digitized output of the transducer.  

 

 Students follow a guided-inquiry worksheet that requires them to first make predictions of 

system behavior, make measurements to confirm or correct the predictions, and then perform 

additional analysis or comparisons with other measurements5. This approach is different from 

DAQ
Computer

Pressure
transducers

WaterWater
Power
Supply

P
age 14.1215.12



 

what we call conventional lab exercises where students perform a set of prescribed 

measurements and then take the data home for analysis. In the guided-inquiry exercise the 

students perform all measurements, calculations, and written discussion in the laboratory. They 

are finished when the lab period ends.  

 

 The guided inquiry worksheet begins by asking the students to predict the variation of 

pressure with depth of the straight-walled tank. Since this exercise occurs during the second 

week of class, students have only recently been discussed the hydrostatic equation in lecture. 

Some students recall exposure to the hydrostatic equation in their physics classes. After writing 

down their predictions, the students fill the straight-walled tank with varying amounts of water, 

and they record the relationship between pressure and the depth of water in the tank. The 

students are then asked to predict the relationship of pressure with depth for the step-walled tank. 

Even when students have recent prior exposure to the hydrostatic equation, when they look at the 

stepped tank in the lab, some are reluctant to accept the theoretical fact that pressure is 

independent of the shape of the tank. 

 

 After writing their predictions on the laboratory worksheet, the students repeat the 

measurement of pressure with depth for the step-walled tank. The final step in the laboratory 

exercise is to combine the plots of pressure versus depth for both tanks on the same axes. The 

students are asked to calculate the slope and relate it to the physical properties of the fluid 

(water). The slope of the pressure versus depth data is the specific weight of the water. The net 

outcome of the exercise is that the students have empirically proven the hydrostatic equation 

p = "h  where p is the pressure in gage units, "  is the specific weight of the water, and h is the 

depth from the free surface. 

 

 In Fall 2008, 137 students enrolled in one of two lecture sections of EAS 361, a required 

course in the undergraduate Civil Engineering and Mechanical Engineering programs (ABET 

accredited BSCE and BSME). One section consisted of 84 students, predominantly in the Civil 

Engineering program. The other section consisted of 57 students, predominantly in the 

Mechanical Engineering program. Students from the lecture sections were free to enroll in any of 

the six laboratory sections during the ten week quarter. Of the 137 students enrolled in the class, 

118 volunteered to participate the research study by completing a background survey, and two 

attitude surveys: one at the beginning and one at the end of the term. The tank filling exercise 

was conducted during the first meeting of the lab section for EAS 361 Students were required to 

complete the seven exercises listed in Table 2. 

 

 Learning gains from the tank filling exercise were measured with a pretest/posttest design. 

The pretest and posttest consist of the same five multiple-choice questions. The posttest is in 

Appendix C.  At the start of the lab meeting, the students were asked to complete the pretest. The 

students were told that neither pretest nor the posttest count toward their grades. Students who 

volunteered to participate in the student identified their work by writing a unique numeric code 

on their pretest and posttest. Students who did not choose to participate could choose to take the 
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pretest and posttest if they wished, but they did not identify themselves. The posttest was 

administered immediately after the students completed the lab exercise. 

Table 2 Laboratory exercises in EAS 361 during Fall 2008.  Only the 

guided-inquiry exercises (1, 5, and 7) were part of the EET 

research project. 

Exercise Type 

1 Tank filling Guided Inquiry 

2 Viscometer     Conventional 

3 Pressure gages Conventional 

4 Hydrostatics   Conventional 

5 Tank draining Guided Inquiry 

6 Jet impact Conventional 

7 Sudden expansion Guided Inquiry 

 

 Figure 6 shows the fraction of students getting the correct answer on each question of the 

pretest and posttest for the tank filling exercise. The maximum possible score was 1, which is 

indicated by the dashed horizontal line in the plot. Figure 6 shows that student performance increased from pretest to posttest on each of the five questions. However, 

to the hydrostatic equation. 

 

 

Figure 6 Fraction of correct answers on the pretest and posttest for the tank filling exercise.  

 

 Refer to Appendix C for the details of the pretest and posttest. Questions 1 and 2 were 

obviously related to the apparatus and the students’ immediate experience in performing the 

inquiry-based exercise. The posttest scores were highest for those questions. Question 4 asked 

the students to generalize the concepts slightly by considering the pressure variation in a conical 
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tank, instead of a straight walled or step-walled tank. Questions 3 and 5 required application of 

the hydrostatic equation to a physical problem that is dissimilar from the laboratory apparatus.  

 

Assessment of Attitude Change 

In Fall 2008, the tank filling exercise was one of three guided inquiry exercises performed by 

students in EAS 361. A second guided inquiry exercise used the tank-filling apparatus, but 

studied the transient response of a jet of water issuing from a hole in the side of the tank. The 

goal of that exercise was to deepen students understanding of the continuity and Bernoulli 

equations. The tank-filling exercise was performed at the beginning of the term and the tank-

filling exercise was performed in the middle of the term. During the last meeting of each lab 

section, students performed the third guided inquiry exercise, which involved the flow of air 

through a sudden expansion. The goal of that exercise was to address the misconceptions that 

pressure must always decrease in the direction of the flow, and that the Bernoulli equation cannot 

be applied to all flow situations. 

 

 The pretest/posttest model was used to measure learning gains for all three guided inquiry 

exercises performed by students in EAS 361. As with the tank filling exercise discussed in the 

preceding section, student scores increased from pretest to posttest. In addition to the 

measurements of learning gains, a survey administered at the beginning of the course and a 

survey at the end of the course were used to measure changes in attitude. In this section some 

highlights of the attitude survey are presented. As of this writing, the research team is still 

analyzing the survey results to identify statistically significant trends among subgroups of 

students, e.g. gender, age, prior work experience, and academic major. 

 

 At the start of the quarter in Fall 2008, two surveys were administered to the students in the 

study group. One survey collected demographic data, and the other asked students about their 

preferred modes of learning, their self-assessed laboratory skills and interest, and their attitude 

toward laboratory work. Of the 138 students enrolled in the two lecture sections, 118 (87 

percent) volunteered to participate in the study. Those 118 students completed the first two 

surveys. 

 

 At the end of the quarter, a second attitude survey was given to the study group. The post-

course survey included 15 questions that were on the pre-course attitude survey and an additional 

22 questions about the students’ experience in the course and with the laboratory exercises. The 

post-course survey was completed by 84 students, which was 61 percent of the students who 

completed the course, and 71 percent of those who completed the first two surveys. 

 

 The attitude survey responses are indicated with a 5 point Likert scale, where 1 means 

strongly disagree, 3 is neutral, and 5 means strongly agree. Table 3 shows the questions and 

responses for the 15 items common to the pre-course and post-course attitude surveys. The Rpre 

and Rpost columns are the mean responses for each of the common questions on the pre-course 
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and post-course surveys. The d column is the effect size computed as Cohen’s d or the 

standardized difference of means6, 7 

  d =
Rpost " Rpre

# p

 

where ! is the pooled standard deviation for the pre and post means 
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Following convention, small, medium and large effect sizes are d = 0.2, d = 0.4, d = 0.8, 

respectively. 

Average Attitude Change for the Study Group 

Table 3 shows the aggregate responses for students in the study group who completed attitude 

survey at the beginning and at the end of the term. The data in Table 3 can be interpreted two 

ways. First, one considers whether the Rpre and Rpost values are greater or less than 3, which is 

neutral. Second, one should consider whether there is a significant change in score, i.e. the 

magnitude of d, and whether the attitude change was positive or negative. 

 

 The largest effect size for any of the questions is – 0.45, a negative change of nearly half of 

the pooled standard deviation. The small magnitude of the effect sizes indicates that there were 

no strong changes in attitude, on average, for the students participating in the study. Nonetheless, 

there are some interesting suggestions in the data. Focusing only those responses with effect 

sizes greater than 0.2, we make the following observations. 

1. Questions 32 and 33 indicate that students favor “canned” labs over labs for 

which they are responsible for setting up the equipment and getting it to work. 

The positive feelings toward canned labs increased during the quarter. It is 

possible that the shift in favor of canned labs is related to the exposure to the 

inquiry-based lab exercises. Note that the inquiry-based exercises did not 

require students to do any substantial setup, configuration, or trouble-shooting 

of the equipment. The inquiry-based exercises did require more thinking and 

active learning while in the laboratory. The data suggests that by requiring more 

active engagement during the exercise, students, on average, became less 

interested in putting forth the effort  required to effectively complete the lab 

exercise. 

2. Questions 34 and 35 assess whether students would be willing to invest more 

time in the laboratory exercises. Question 34 probes whether students would be 

willing to make significantly larger time commitment (twice as much). Question 

35 probes whether students would be will to make a smaller increase in time 

commitment (25 percent more). Attitudes toward the significantly larger time 
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commitment were neutral at the beginning of the term and were negative (d = –

 0.48) at the end of the lab exercise. This was the largest shift in attitude for any 

of the survey questions. The attitude toward the smaller time investment was 

essentially unchanged (d = 0.06). During the lab exercises some students 

expressed frustration at not having enough time to complete the exercises. The 

responses to questions 34 and 35 suggest that a modest extension of the 

laboratory period to accommodate the inquiry-based exercises would be 

acceptable. 

3. Question 37 and 38 expose student attitudes on the merits of laboratory work 

relative to homework. The effect size is small for the class as a whole, but the 

small shift in attitude was negative, i.e. the perceived value of laboratory work 

decreased. 

4. Question 40 explores student attitudes about the relationship between theory 

and measurement. Students were asked about the importance of luck in 

achieving good results. At the start of the term, students in the study group 

believed (on average) that luck was not a predominant factor in getting 

agreement between theory and experiments. The average attitude shifted toward 

neutral, i.e. less certainty that luck was not a factor. 

6. Questions 45 addresses student attitude about the utility of experiments relative 

to computer simulations. At the start of the term, the average response was in 

slight agreement that laboratory experiments are more reliable than computer 

simulations. At the end of the term, the agreement was less. The change in 

response had an effect size of -0.27. 

 

 The overall picture from the attitude survey is that the average student attitude did not 

change by much (the largest d  is less than 0.5), and when the attitude changed it was in the 

direction less favorable to the goal of the inquiry-based exercises. To oversimplify, the attitude 

changes could be summarized as follows: after participating in the laboratory students were more 

favorably inclined toward canned experiments, less likely to want more time in the lab, less 

inclined to believe laboratory exercises had educational benefit, more likely to believe that luck 

explained the agreement between theory and experiment, and less likely to think that 

experiments are more reliable than computer simulations. 

 

 The aggregate picture of attitude change is not encouraging. However, the average data for 

the group masks some interesting trends that are revealed by looking at subsets of the data. We 

are in the process of analyzing the attitude responses of subsets of the study group. The next 

section presents some early results for just one subset. 
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Table 3: Mean response and effect size for pre and post surveys.  The effect size is d (Cohen’s 

d), and numbers in parentheses are the 95 percent confidence interval around d. 

  Rpre Rpost d (low, high) 

31 Laboratory exercises help students learn engineering 

concepts 

4.17 4.13 -0.04 (0, -0.18) 

32 I learn a lot from laboratory exercises that are 

“canned”, i.e. the equipment is already configured and 

running properly, so all I have to do is write down the 

data. 

2.94 3.30 0.35 (0.15, 0.58) 

33 I would learn more from laboratory exercise if it was 

not “canned”, i.e. if I was responsible for setting up 

the equipment and get it running myself. 

3.64 3.28 -0.33 (-0.08, -0.54) 

34 I would be willing to set up laboratory equipment 

myself and get it running, even if it took me twice as 

long as a “canned” lab to complete the assignment. 

3.07 2.55 -0.45 (-0.18, -0.70) 

35 I would be willing to set up laboratory equipment 

myself and get it running, but only if it took me less 

than 25 percent more time in the lab to complete than 

a “canned” experiment. 

3.49 3.51 0.06 (0, 0.31) 

36 Laboratory exercises for students are not necessary if 

the instructor does an in-class demonstration with the 

same laboratory equipment. 

2.57 2.67 0.11 (0, 0.37) 

37 Laboratory exercises provide a better test of my 

knowledge than homework exercises. 

3.16 2.90 -0.20 (0, 0.41) 

38 Laboratory exercises provide a better way to learn 

new concepts than homework exercises. 

3.29 3.15 -0.13 (0, -0.34) 

39 Laboratory exercises should reinforce what is taught 

in lecture, not teach new concepts. 

4.13 4.30 0.14 (0, 0.36) 

40 Getting good data in a lab experiment is mostly due to 

luck because experiments rarely match theory. 

2.48 2.73 0.22 (0, 0.46) 

41 Laboratory experiments are only useful for 

researchers. 

2.20 2.21 -0.03 (0.0, -0.24) 

42 In my future engineering job I will not need to make 

measurements. 

1.86 1.86 0.06 (0.0, 0.32) 

43 In my future engineering job I will use experiments 

(laboratory measurements) to obtain useful 

engineering data. 

3.70 3.81 0.12 (0, 0.33) 

44 In my future engineering job, I would rather work at a 

desk doing computer simulations than work in a 

laboratory making measurements. 

2.29 2.40 0.10 (0, 0.36) 

45 To verify the performance of an engineering design, 

laboratory measurements are more reliable than 

computer simulations. 

3.66 3.35 -0.27 (0.06, 0.49) 
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Attitude Change for Students Grouped by Course Grade 

The grades earned by students in EAS 361 during Fall 2008 were added to the survey data set. In 

this section we report on attitude changes when students are sorted by grade. Table 5 shows the 

distribution of grades earned in EAS 361 during Fall 2008. The grade data was simplified by 

ignoring the +/– modifiers to the letter grade. Thus, an A– was grouped with the A grades, a B+ 

was grouped with the B grades, and so on. The bottom row of the table is the distribution of 

scores for the class as a whole. The course GPA for the study group was nearly identical to the 

course GPA for all students who completed the course 

Table 4 Grade distribution for students in EAS 361 who volunteered to 

participate in the study. For simplicity of data handling, all +/– 

modifiers were ignored. 

 Grade 

 

Course 

GPA 

Number of 

students A B C D F 

Students in Study Group 2.79 84 10 50 22 0 2 

Students completing EAS 361 2.74 137 21 69 40 4 7 

 

 Table 5 shows the effect size (d) of attitude changes when students are grouped by the letter 

grade they earned in EAS 361. The second column is the average for the study group, which 

corresponds to the value of d in the last column of Table 3. The shaded rows Table 6 indicate 

questions with interesting differences in d values between students earning different grades. For 

example, on Question 31, “Laboratory exercises help students learn engineering concepts”, the A 

and C students attitude swung toward disagreement (d =–0.55, d = –0.33), whereas the B 

students attitude changed toward agreement (d = 0.220). It would be tempting to posit an 

explanation for these changes in attitude. However, we have no data to suggest the reasons 

students might give for their change in attitude. This suggests that in addition to attitude surveys, 

the research team should follow-up with interviews to probe deeper into student attitude changes. 

 

 The data in Table 4 shows that students earning a B were the largest subgroup of students in 

the class, when the class was sorted by grade. Thus, responses by students who earned a B have 

strong influence on the average attitude responses for study group as a whole. While this might 

explain some of the differences in Table 5, it does not explain all of the trends. For example, on 

questions 31, “Laboratory exercises help students learn engineering concepts”, the A and C 

students tended to change their attitude toward disagreement (d < 0), whereas the B students 

tended to change their attitude toward agreement (d > 0). In this case the overall change in 

attitude for the class is slightly negative, whereas the change for the B students is positive. 

 

 One of the more interesting trends in the data grouped by grade are the responses to 

Question 37, “Laboratory exercises provide a better test of my knowledge than homework 

exercises.” The A students strongly changed their attitude toward the negative (d = –1.12), 

P
age 14.1215.19



 

whereas the B students indicated a negligible change (d = + 0.003), and the C students also had a 

negative change in attitude (d = –0.343). One possible explanation for this change is that the 

inquiry-based exercises (as well as the traditional exercises with lab reports) were not a familiar 

type of assignment. This possibility needs to be explored further with other modes of inquiry on 

student attitude, e.g. surveys or focus groups. 

 

Table 5 Effect size (d) for attitude changes for students grouped by the letter 

grade they earned in EAS 361. 

Q Average A B C 

31 – 0.032 – 0.550 + 0.222 – 0.329 

32 + 0.352 – 0.400 + 0.533 + 0.395 

33 – 0.334 – 0.488 – 0.270 – 0.443 

34 – 0.448    0.000 – 0.550 – 0.553 

35 + 0.057 – 0.284 + 0.071 + 0.251 

36 + 0.107 + 0.759 – 0.158 + 0.336 

37 – 0.202 – 1.124 + 0.003 – 0.343 

38 – 0.133 – 0.510 – 0.015 – 0.248 

39 + 0.139 + 0.192 + 0.142 + 0.164 

40 + 0.220 + 0.305 + 0.249 + 0.142 

41 – 0.027 + 0.706 – 0.087 – 0.231 

42 + 0.056 + 0.449 – 0.052 + 0.042 

43 + 0.120 – 0.072 + 0.110 + 0.135 

44 + 0.102 + 0.959 – 0.063 + 0.011 

45 – 0.271 – 0.632 – 0.180 – 0.198 

  

 

Conclusions 

We have developed a series of laboratory exercises for teaching core concepts in the thermal and 

fluid sciences. This paper provides a survey of the exercises and their sample usage in support of 

demonstrations and laboratory assignments. The EET equipment can be used for different types 

of exercises, depending on instructor interest and structure of curriculum. At Portland State 

University, the introductory fluid mechanics course has a laboratory section, but the introductory 

thermodynamics and heat transfer classes do not have a laboratory section. The deployment of 

three exercises (tank filling, tank draining, sudden expansion) in a laboratory section allowed the 

research team to collect learning gain and attitude change data on a larger sample of students 

(84). 
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 The blender, hair dryer, toaster, and bicycle pump exercises have been used as classroom 

demonstrations. The blender, hair dryer, toaster, and bicycle pump exercises have also been 

offered as supplemental learning experiences for students who volunteered to come to open lab 

times outside of the required classroom meeting times. Those volunteers have enabled the team 

to test and refine the laboratory exercises for those pieces of equipment, but the sample size for 

learning gains and attitude change have been too small to be statistically significant. 

 

 Though there is still room to improve the exercises, this material is ready for wider use and 

testing. The authors welcome inquiries about the design of the equipment, the LabVIEW and 

MATLAB software used to collect and analyze data, and the worksheets and pre/post tests. Some 

of this material is available at http://eet.cecs.pdx.edu/. 
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Appendix A: Worksheet for In-class Blender Demonstration 

 

 

Blender Demonstrations Participant Code:
Fall 2008

Apparatus

The sketch on the right depicts the equipment for
this demonstration. The key components are:

1. A food blender, partially filled with water.
2. Thermocouples (temperature sensors) sus-

pended in the water.
3. A data acquisition device (DAQ) for digitiz-

ing the thermocouple output.
4. A computer (not shown) to record the out-

put of the thermocouples

DAQ

Temperature probes

Data to
computer

Exercise

The blender pitcher is filled about one third of its volume with tap water. The water and
blender are allowed to come into thermal equilibrium.

1. The thermocouples indicate the water temperature.

(a) When the blender is turned on, will the water temperature increase, decrease,
or stay the same?

(b) Will the change in temperature be obvious, barely noticeable, or non-existent?

2. What principle or core concept of thermodynamics explains how the water tempera-
ture is related to the action of the spinning blades?

3. What formula can be used to explain how the water temperature is related to the
action of the spinning blades?

4. What course, learning experience, or life experience is most responsible for your ability
to answer the preceding questions?
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Appendix B: Guided Inquiry Worksheet for the Blender Exercise. 

 

 

 

Blender Laboratory Exercise Participant Code:
May 18, 2008

1 Apparatus

Figure 1 shows the equipment for this laboratory exercise. The key components are

1. A food blender, partially filled with water.

2. Thermocouples (temperature sensors) suspended in the water.

3. A data acquisition device (DAQ) for digitizing the thermocouple output.

4. A computer to record the output of the thermocouples

DAQ

Computer

Temperature probes

Figure 1: Apparatus for the blender experiment.

2 Learning Objectives

As a result of completing this laboratory exercise you will be able to

1. Recognize and describe the roles of heat, work, and energy storage in the operation of a food
blender.

2. Identify and qualitatively describe the relationship between terms in the first law of thermo-
dynamics and the physical parameters affecting the performance of a blender.

3. Use qualitative reasoning to predict and verify the changes in measurable system parameters
(temperature, power input) that result from changing blender speed, quantity of liquid in the
blender, and initial temperature of the liquid in the blender.
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Blender Laboratory Exercise – Fall 2008 2

3 Preliminary Analysis

It is helpful to use a common language when describing the behavior of the blender. Work through
the questions in this section to prepare for the measurement exercises. Return to the concepts
developed here as you work in the lab.

Try your best to answer the questions in this section, and only then ask the teaching assistant
for help. Make sure you are comfortable with your answers before moving on to section 4.

3.1 First Law of Thermodynamics

The First Law of Thermodynamics can be written in two forms

∆U = Q + W (1)

dU

dt
= Q̇ + Ẇ . (2)

To prepare for the lab exercise, answer the following questions

1. What is the primary difference between these two equations?

2. Can both versions of the First Law be true for a given situation?

3. Which of these equations do you think will be most useful in analyzing the behavior of the
blender?

Why?

3.2 Lab Preview

For a system consisting of a fixed mass and fixed volume we can write Equation (2) as

mcv

dT

dt
= Q̇ + Ẇ . (3)

where m is the mass of the system, and cv is the specific heat at constant volume. In the lab
exercise, each term in Equation (3) will be studied.

mcv

dT

dt
Energy storage: energy content of the energy content, and
hence system energy increases when dT/dt > 0.

Q̇ Heat transfer to the system from the surroundings.

Ẇ Work done on the fluid by the surroundings.

May 18, 2008
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Blender Laboratory Exercise – Fall 2008 3

3.3 Define the System

The following diagrams show four ways of defining the system boundary for the blender. The First

Law of Thermodynamics can be applied to each of the four systems, but some system definitions

are easier to work with than others. The table below the diagram describes the advantages and

disadvantages of each system definition. Use the diagram and the table to assist with your answers

to the questions on the next page.

Motor Motor Motor Motor

a. b. c. d.

Work input Heat Input Energy Storage

a. Electrical work

enters the control

volume through the

wires.

Small heat loss from outside

surface of pitcher because the air is

calm and the thick walls of the

pitcher heat up slowly.

Energy storage occurs in the

motor, blades, pitcher, and wa-

ter, but only water temperature

is measured.

b. Work enters through

the rotating shaft.

Small heat loss from outside

surface of pitcher because the air is

calm and the thick walls of the

pitcher heat up slowly.

Energy storage occurs in the

blades, pitcher, and water, but

only water temperature is mea-

sured.

c. Work enters through

the rotating shaft.

When pitcher is cooler or warmer

than the water, significant heat

transfer is caused by the

vigorously mixed water.

Energy storage occurs in the wa-

ter, and is indicated directly by

water temperature.

d. Work applied to

system surface by

shear stress between

blades and water.

When pitcher is cooler or warmer

than the water, significant heat

transfer is caused by the

vigorously mixed water.

Energy storage occurs in the wa-

ter, and is indicated directly by

water temperature.
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Blender Laboratory Exercise – Fall 2008 4

3.3.1 Work Alone

Answer the following questions by yourself:

1. Which control volume(s) provides the easiest way to measure Ẇ?

2. When a wattmeter is used to measure the electrical power input, Ẇe,in, and the motor efficiency
is η, how much power is delivered to the water in the pitcher?

3. Which control volume(s) provides the easiest definition for measuring the increase in energy
storage, which is indicated by dT/dt.

4. Are any of the control volumes more likely to show heat transfer effects?

3.3.2 Share and Compare

Discuss your answers with the other members in your group. Keep your answers on the worksheet,
and write the group’s consensus next to your answer, and label the groups’ consensus with a mark
like “G” or “Group”.

3.3.3 Reconsider

As you work through the lab exercise, your opinion, and that of the group may change. Record
your final opinion on the answer sheet and label it with a mark like “F” or “Final”.
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Blender Laboratory Exercise – Fall 2008 5

4 Energy Storage Experiments

The first set of experiments are focused on the energy storage term in the First Law. The learning
objectives are

• Be able to identify the independent and dependent variables in the energy storage term.
• Be able to quantitatively predict the effect of changing the amount of water in the blender.
• Be able to verify the effect of changing the amount of water in the blender.

4.1 Preliminary Analysis

1. The energy storage term is
dU

dt
= mcv

dT

dt

where m is the mass of the system, cv is the specific heat at constant volume, T is temperature,
and t is time. The following table lists the separate terms that make up dU/dt. Which of the
terms that make up dU/dt can be readily controlled by adjusting the blender settings given
the materials in the laboratory? Which of the terms can only be measured?

Term
Controllable, or
only measurable?

How to control, or
how to measure?

dT

dt

m

cv

2. For each of the parameters that can be adjusted to change dU/dt, predict whether the change
will increase or decrease the magnitude of dU/dt when all other system settings, e.g., blender
speed, are kept constant.

STOP
Before continuing, show your lab manual to the

instructor. It’s important at this point to make

sure you are on the right track. Instructor Approval
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Blender Laboratory Exercise – Fall 2008 6

4.2 Measurement

The experimental results are improved by using water that is at room temperature. If the Teaching
Assistant has not provided a pitcher of room temperature water, adjust the tap water temperature
so that you put room temperature water in the blender.

Preliminary Set-up

1. Add water so that the blender is about half full. Record the amount of water in the blender
pitcher.

2. Start the data acquisition program.
(a) The teaching assistant should have the LabVIEW program running. If not, launch the

LabVIEW Virtual Instrument by double-clicking on it.
(b) Define a file name for storing the results of this exercise.
(c) Click on the run arrow to start the VI.

3. Use the “pulse” feature of the blender to turn on the motor for two or three short bursts
(approximately one second each). Pulsing the motor will mix the water so that the temperature
is uniform at the start of the experiment.

4. Wait for the temperature readings of the thermocouples to stabilize.

While you are waiting for the thermocouples to stabilize, decide what blender speed to use for the
energy storage experiment. Should the speed matter?

First Reading

1. When the temperature of the thermocouples has stabilized, and with the data acquisition
program running. Turn on the blender at a chosen speed.

2. Record the blender speed, the wattmeter reading, and the amount of water in Table 1 at the
bottom of the page.

3. Let the blender run for approximately one or two minutes. Stop the experiment when you can
see a clear trend in the temperature versus time data.

4. Do not stop the data acquisition program.
5. Turn off the blender

Second Reading

1. Add water to the blender pitcher until the pitcher is approximately three quarters full.
2. With the data acquisition program running, turn on the blender to the same speed as in the

preceding experiment.

Table 1: Data for the energy storage experiment. The dT/dt value is extracted from the data stored
by the LabVIEW program.

Run
Blender
speed

Water
volume

Electrical
Power
(W)

dT

dt

1

2
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Blender Laboratory Exercise – Fall 2008 7

3. Record the blender speed, the wattmeter reading, and the amount of water in Table 1.
4. Let the blender run for one or two minutes.
5. Turn off the blender
6. Stop the data acquisition program.

Extracting the Slope of Temperature versus Time

1. Load the data into the Matlab slope extractor tool.
2. Using the Matlab program, extract the slope of temperature versus time for the First and

Second Readings, and record the data in Table 1.
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4.3 Analysis

The experiment is performed with two different amounts of water in the blender. We start by setting
up a formula by taking the ratio of the First Law for two different experiments. You are then asked
to complete the derivation and apply the formula to your data..

4.3.1 Scaffolding: Form a Ratio of Terms

If we write the First Law for each experiment we get

m1c1

(

dT

dt

)

1

= Q̇1 − Ẇ1 m2c2

(

dT

dt

)

2

= Q̇2 − Ẇ2

Taking the ratio those two instances of the energy equation gives

m2c2

(

dT

dt

)

2

m1c1

(

dT

dt

)

1

=
Q̇2 − Ẇ2

Q̇1 − Ẇ1

(4)

Equation (4) can be usefully simplified by assuming that Q̇2 − Ẇ2 ≈ Q̇1 − Ẇ1, which is reasonable
since the speed does not change and Q̇ is small.

4.3.2 Complete the Analysis

Using the following steps, transform Equation (4) into a formula for analyzing your measurements.

1. Write a simplified form of Equation (4) obtained by assuming that Q1 # Ẇ1 and Q2 # Ẇ2.

2. Further simplify the equation obtained in the preceding step by assuming that Ẇ2 ≈ Ẇ1.
Rearrange the equation as a ratio of time derivatives of temperature.

3. Use the formula you just derived to check the data in Table 1. Is the data in Table 1 consistent
with the Equation obtained in Step 2? If not, suggest at least one reason for the disagreement.
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4.3.3 Study Questions

Reconsider the control volumes shown on page 3.

1. For the control volumes that include both the glass pitcher and the water, what is the meaning
of (or value of) the product mc for the energy storage term in the First Law?

2. What happens to the energy storage in the water when heat is transfered from the water to
the glass?

3. Use qualitative reasoning to compare the relative sizes (i.e., estimate which is bigger) of the
rate of heat transfer from the water to the glass versus the rate of heat transfer from the glass
to the air.

4. Are m1 and m2 just the masses of water?

STOP
Before continuing, show your lab manual to the

instructor. It’s important at this point to make

sure you are on the right track. Instructor Approval
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5 Work Input Experiments

The next set of experiments are focused on the work term in the First Law.

5.1 Preliminary Analysis

Review your answers to the exercises in Section 3.3 regarding the definition of the system for the
First Law analysis.

1. List the measurable variables that can be used to quantify the work term in the first law of
thermodynamics.

2. Which of these terms can be readily adjusted by changes to the system configuration given
the materials in the laboratory? In other words, what can you change to cause a measurable
change in the rate of work on the system?

3. For each of the changes listed in item 2, predict whether the change will increase or decrease
the magnitude of the work term.

5.2 Measurement

For these measurements the amount of water in the blender is held constant. Changing the speed
of the blender motor changes the rate at which work is done on the water.

Preliminary Set-up

1. Add water so that the blender is about half full. Record the amount of water in the blender
pitcher.

2. Start the data acquisition program.
3. Use the “pulse” feature of the blender to turn on the motor for two or three short bursts

(approximately one second each).
4. Wait for the temperature readings of the thermocouples to stabilize.

While you are waiting for the thermocouples to stabilize, decide what two blender speeds to use for
the energy storage experiment. The goal is to measure the relationship between blender speed and
the rate of increase in temperature of the water. Should the two speeds be close or very different?
Or should the relationship between the two speed settings not effect the quality of the experimental
results?
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Data Collection

1. When the temperature of the thermocouples has stabilized, and with the data acquisition
program running. Turn on the blender and a fixed speed.

2. Record the blender speed, the wattmeter reading, and the amount of water in Table 2 at the
bottom of the page.

3. Let the blender run for one or two minutes.
4. Do not stop the data acquisition program.
5. Change the blender speed and let the blender run for one or two more minutes.
6. Turn off the blender.
7. Stop the Data Acquisition program.

Extracting the Slope of Temperature versus Time

1. Load the data into the Matlab slope extractor tool.
2. Using the Matlab program, extract the slope of temperature versus time for the First and

Second Readings, and record the data in Table 1.

5.3 Analysis

1. Write a simplified form of Equation (4) that applies to this experiment.

2. Is the data in Table 1 consistent with the Equation obtained in Step 2? If not, suggest at
least one reason for the disagreement.

Table 2: Data for the experiment to determine the effect of work input.

Run
Blender
speed

Water
volume

Electrical
Power
(W)

dT

dt

1

2
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6 Heat Transfer

In Section 4.2, you were advised to use room temperature water when filling the blender. Why does

using water at room temperature improve measurements of energy storage or work input effects?

What would happen to the results if the experiment was started with very cold water or very warm

water?
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Post-Lab Quiz for Tank-Filling Exercise Participant Code:
Fall 2008

The questions on this Quiz will not affect your grade in EAS 361. The questions are designed to allow

us to understand your learning as a result of performing the lab exercise.

1. For a stationary fluid, the pressure at a point is determined by

(a) the volume of the fluid above the point.
(b) the weight of the fluid above the point.
(c) the depth of the fluid above the point.
(d) the shape of the tank containing the fluid.
(e) none of the above reasons are sufficient.

2. The sketch to the right depicts a cylindrical tank that can be filled
with water to different depths. Which of the following miniature
graphs shows the correct trend of pressure at the bottom of the
tank as a function of depth of water in the cylinder?
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3. The sketches below depict two identical dams holding back two different reservoirs of water.
Both reservoirs have the same H and W dimensions, and the same width in the direction into
the page.

(a) Which of the following statements is true?

i. The hydrostatic load on Dam 1 is greater than the hydrostatic load on Dam 2.
ii. The hydrostatic load on Dam 2 is greater than the hydrostatic load on Dam 1.
iii. The hydrostatic load on Dam 1 is equal to the hydrostatic load on Dam 2.
iv. Not enough information is given to determine the hydrostatic load on the Dams.

Water

Dam 1
Earth

Water

Earth

H H

W

Dam 2

W

(b) Explain your choice of answer for part (a).
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4. Consider a sloped tank shaped as shown in the right half of the
following sketch.
Which of the following sketches shows the correct trend of pres-
sure with depth of water in this tank? The solid line is a reference.
The data connected with dashed lines indicate possible trends in
the pressure at the bottom of the sloped tank as a function of
water depth.
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Sloped

Reference
Sloped

Reference
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Reference
Sloped

None of
the plots

A
p

Sloped Tank

B

C

D

5. The sketch to the right depicts an open tank with a opening on
its side. The opening is covered with a flange that is held in
place by six bolts arranged in a circle around the periphery of
the flange. The design engineer needs to choose the correct size
of bolts to keep the flange from leaking.
Which of the following choices provides the best description of
how the hydrostatic load on the bolts would change if the diam-
eter D is changed?

(a) Increases linearly with D
(b) Increases with D2

(c) Is independent of D
(d) Decreases as 1/D
(e) Decreases as 1/D2

(f) Varies with D in some way not listed here.

D

Bolts
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