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ABSTRACT 17 

Some of the most important engineering skills required nowadays are related with the 18 

management of computational tools. This study proposes the implementation of a novel 19 

teaching methodology for improving the calculation of pumping power by using the 20 

Mathcad software. This methodology includes: (1) training courses on initiation to 21 

Mathcad, (2) the delivery of a report with theoretical considerations about pumping 22 

power, the problem statement, the traditional procedure to solve it, as well as the main 23 

indications to do it with Mathcad, and (3) a virtual platform conceived as a meeting 24 

space. The assessment of this educational experience, which was carried out with the 25 

second-year chemical engineering students enrolled in the Fluid Flow course, revealed 26 

that Mathcad is a powerful computational tool for them. Thus, it eliminates the 27 

mathematical difficulties, facilitates the understanding of the phenomenon under 28 

consideration and the study that the input variables exert on the solution, and also 29 

increases the motivation of the students for solving other engineering problems. 30 

Therefore, these results support the hypothesis that computational tools like Mathcad 31 

direct chemical engineering students towards successful learning. 32 
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1. INTRODUCTION  43 

Higher university education in the 21st century requires students to master a broad set 44 

of competences that make them suitable for their effective inclusion in the current 45 

knowledge society. Among all these competences, the management of new information 46 

and communication technologies (ICTs) is noteworthy (Barak, 2018; Juuso, 2018). 47 

These ICTs can materialize in the ability to use digital technologies, computers, 48 

communication tools, as well as devices and applications to access, manage, create and 49 

communicate information to meet individual or social objectives (NRC, 2012; OECD, 50 

2015). The development of the personal computer in the early nineteen-eighties, and the 51 

appearance of commercial Internet providers a few years later, brings significant 52 

changes in chemical engineering problem-solving. As a consequence of these changes, 53 

the numerical calculations are based nowadays on mathematical software packages and 54 

simulators. Some illustrative examples are described below: a) XSEOS is an Excel add-55 

in for computer properties with thermodynamic model often used for teaching chemical 56 

engineering thermodynamics (Castier and Amer, 2011); b) Matlab is used for educating 57 

students in chemical process control (Li and Huang, 2017); c) Polymath can be 58 

employed for both chemical equilibrium calculations (Shacham and Brauner, 2015) and 59 

chemical reaction engineering (e.g., modelling isomerization of unsaturated fatty acid 60 

with catalyst deactivation) (Mahecha-Botero et al., 2011); d) EMSO simulator is a 61 

powerful tool for process modeling, dynamic simulation and optimization of chemical 62 

processes (Ospino et al., 2017); e) Aspen Plus is used for a better understanding of 63 

separation processes (e.g., distillation) (Calvo and Prieto, 2016); f) IPython software has 64 

been applied for educating kinetics of complex heterogeneously-catalyzed reactions 65 

(Golman, 2016); g) Mathematica software can be applied to transient chemical 66 

engineering processes (Mejri et al., 2018). Although it is well known that in the 67 
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professional life the engineer has at his disposal the use of different softwares for the 68 

resolution, control and simulation of engineering systems, their implementation at the 69 

university level is only reduced for specific courses designed to meet these objectives. 70 

Usually, these courses are insufficient to acquire the best knowledge about the software, 71 

leaving the interest of students to complete their training. Therefore, it is very important 72 

for chemical engineering students to learn and practice the use of these computational 73 

tools (Shacham and Brauner, 2015). In this paper, the calculation of pumping power to 74 

transport a petroleum fraction between two tanks by using a centrifugal pump, and the 75 

knowledge of its characteristic curves, is carried out by the usage of Mathcad. This 76 

software combines some of the best features of spreadsheets and symbolic math 77 

programs. It provides a good graphical user interface and can be used to efficiently 78 

manipulate large data arrays, to perform symbolic calculations, and to easily construct 79 

graphics (Abbas and Al-Bastaki, 2002). Therefore, the main advantage of using this 80 

software to teach chemical engineering students to solve engineering problems lies in 81 

the fact that they focus on the fundamental concepts rather than on the mathematical 82 

solution. 83 

All the considerations above in mind, here it is proposed the fact that second-year 84 

chemical engineering students enrolled in the course of Fluid Flow acquire new skills 85 

about computational tools through the use of Mathcad, thus enabling them to solve 86 

more quickly and efficiently a common engineering problem like the calculation of 87 

pumping power. In addition, with the development of this education experience, other 88 

objectives are proposed:   89 

• To create a high level of awareness in the students about the real use of computer 90 

programs that facilitate the resolution of problems. 91 

• To reduce the time of mathematical resolution that addressing engineering problems 92 
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entails. 93 

• To create an entrepreneurial spirit in the students which allows them to make their 94 

own Mathcad files, using their code, and thus approach the different problems that 95 

may arise during their working and professional life in a more efficient and 96 

autonomous way. 97 

The teaching methodology consisted of two steps: i) firstly, students received training 98 

courses on initiation to Mathcad, where they could learn the basic notions about this 99 

software, and ii) secondly, students solved an exercise about pumping power by using 100 

Mathcad. With the idea of quantifying the satisfaction degree of the students with the 101 

teaching methodology, as well as with the use of Mathcad, students answered specific 102 

questions on these matters. They valued the use of this software as a computational tool 103 

reporting many advantages for solving engineering problems (like the calculation of 104 

pumping power), since it allows them to get a precise solution eliminating time of 105 

mathematical resolution, with a better understanding of the theoretical foundation for 106 

the proposed phenomenon and, consequently, motivating students to continue 107 

implementing it. 108 

2. THEORETICAL CONSIDERATIONS 109 

As will be described in the “Teaching methodology” section, in order to help students 110 

solve the exercise with Mathcad, they will be provided with the underlying theory of 111 

pumping power calculations. It might be summarized in the following points: 112 

2.1. The energy conservation equation 113 

When an incompressible fluid is transported by a cylindrical pipe, the balance of the 114 

total energy per unit of mass applied between the extremes of the system (“1” initial and 115 

“2” final points, respectively) is: 116 
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 118 

Eq. (1) can also be written as: 119 
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where V is the velocity, α is a factor that takes the value of 0.5 or 1 for laminar or 121 

turbulent regime, g is the gravitational constant, z is the height with respect to a 122 

reference system, P is the pressure and ρ is the density. If Eq. (2) is divided per g, this 123 

results in the energy equation conservation expressed in the head form: 124 
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In the case of internal flow of a fluid through a pipe, the friction energy losses due to the 126 

friction, ∑F, is calculated by dividing Fanning equation per the fluid density, and it can 127 

be expressed as follows: 128 
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where L and D are the length and diameter of the pipe, respectively, and f is the friction 130 

factor. The last one can be calculated from the Chen equation: 131 
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where ɛ is the roughness and Reynolds number, Re, is:  133 

(6)   Re
µ

ρVD
=  134 

being µ the viscosity of the fluid. 135 

2.2. Pumping power calculation 136 

Power is consumed by a pump in order to move and increase the pressure of a fluid. The 137 

power requirement of the pump depends on a number of factors including the pump and 138 
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motor efficiency, fluid’s properties and flow rate, making necessary to define some 139 

concepts: 140 

• Theoretical power pump (Pt): it is calculated by multiplying the energy required from 141 

Eq. (2), W, and the mass flow rate that goes through the pump, 
•

m . 142 

(7)  mWPt

•

=  143 

• Hydraulic efficiency (ηh): it is defined as the fraction of energy applied by the pump 144 

on the fluid, which is actually invested to increase its energy, and it is calculated as: 145 
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where ∑ iF is the energy loss due to the internal mechanical elements of the pump. 147 

Thus, this parameter takes into account the internal energy loss of the pump. 148 

• Motor efficiency (ηm): it is the theoretical power pump (Pt) divided per the drive 149 

power (Pd) (i.e., the power for moving its internal mechanical elements): 150 
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• Total efficiency (ηt): it is calculated from both hydraulic and motor efficiency: 152 

( )
(10)    

P
QρFW

 
P

mW
W

FW
P
P

W
FW

ηηη
d

i

d

i

d

ti
mht

∑∑∑ −
=

−
=

−
==

•

 153 

2.3. Pump characteristic curves 154 

The performance of a centrifugal pump can be shown graphically by plotting the course 155 

of the following parameters against volumetric flow rate (Q): head (H), drive power (Pd) 156 

and total efficiency (ηt). These curves allow us to know the conditions for the best 157 

performance of centrifugal pumps and, therefore, are really useful. 158 

3. PROBLEM STATEMENT 159 
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It is desired to transport a petroleum fraction through a pipe of 20 cm of internal 160 

diameter and 2 km in long, from a reaction tank at 110 kN/m2 (Tank A) to a storage 161 

tank at 125 kN/m2 (Tank B) whose level is 15 m above that corresponding to the 162 

reaction tank. The centrifugal pump is located at the outlet of the Tank A, 10 m below 163 

the liquid level in it and assuming friction losses inside the pump of 20 J/kg. Calculate 164 

the drive power of the pump. 165 

Data: 166 

Density: 705 kg/m3 ; Viscosity: 15·10-3 Pa·s ; Roughness: 0.4 mm. 167 

The characteristic curves, valid for volumetric flow rate up to 0.1 m3/s, are: 168 

H=122-115Q-5560Q2   (11) 169 

ηt=33+2376Q-34614Q2   (12) 170 

Units: H [m] ; Q [m3/s] ; ηt [%]. 171 

4. PROBLEM SOLUTION BY USING MATHCAD 172 

As for other engineering questions, the first step will be to evaluate the available data 173 

supplied by the problem statement as well as the equations that are applicable. For the 174 

resolution of this case, since the characteristic curve of head (H) vs. volumetric flow 175 

rate (Q) is provided, it is proposed to apply the energy equation conservation expressed 176 

in the head form (Eq. 3) between the levels of both tanks (i.e., point “1” and point “2” 177 

will be hereinafter referred to as the level of Tank A and B, respectively). Thus, 178 

considering that the diameter of both tanks is much larger than the diameter of the pipe, 179 

it is likely to assume that V1≈V2≈0. If the attention is now focused on the drive power 180 

(Pd), it would be easily calculable if Q or V are known, since Q and V are related by the 181 

flow area. In this sense, with the value of Q, W and ηt would be calculated from Eqs. (3) 182 

and (12), respectively, and the value of Pd from Eq (10). Consequently, the greatest 183 

challenge is to determine the volumetric flow rate (Q). 184 
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The traditional procedure used in the Fluid Flow course for solving this problem was to 185 

manually draw the operation line of the pump (which is obtained from the energy 186 

equation conservation, Eq. (3)) and the characteristic curve of H vs. Q (Eq. (11)), being 187 

the intersection of both lines the desired value of Q; however, the inaccuracy and the 188 

high time required by this “manual” procedure can be eliminated by using Mathcad. To 189 

that end, firstly, all known variable values are entered at the beginning of the 190 

spreadsheet (Figure 1): height, pressure, density, viscosity, length and diameter of the 191 

pipe, roughness and friction losses inside the pump. Following this, the objective is now 192 

to create a function that gives us the points of the operation line from Q values, which in 193 

turn requires velocity (V), Reynolds number (Re) and friction factor (f) as a function of 194 

Q. Thus, as the characteristic curves are valid for Q values up to 0.1 m3/s, a data list 195 

with values equally distributed between 0.01 and 0.1 m3/s is defined, and their 196 

corresponding V, Re, f(Q) values and points of the operation line (named as 197 

“Hoperation_line(Q)”) are automatically calculated from the previous equations. All 198 

these considerations should be gathered in the next section of our spreadsheet and are 199 

illustrated in Figure 2 (some comments have been also included in bold type). Once the 200 

data corresponding to the operation line is available, it is necessary to compile them, 201 

and also Q values, in two matrices, before being drawn (Figure 3). 202 

As commented previously, the volumetric flow rate passing through the pump (which 203 

will be then referred to as “Q_solution” in the spreadsheet) is the intersection point 204 

between the operation line and the H vs. Q characteristic curve. Here, the points of the 205 

operation line are fitted by using a cubic spline interpolation function available in 206 

Mathcad. This interpolation function connects two consecutive points by a third degree 207 

polynomial, so that the polynomial by sections has continuous first and second 208 

derivatives for each value of the independent variable. As can be observed in Figure 4, 209 
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firstly, the cspline function is used to create a cubic spline vector (v) with the 210 

independent and dependent data (i.e., the values of Q and points of the operation line, 211 

respectively), which have been previously defined in two vectors (see Figure 2). Then, 212 

f(x) is defined with the interp function which allows us to get the interpolated values; it 213 

contains the cubic spline vector (v), Q and points of the operation line 214 

(“Hoperation_line(Q)”) vectors, and the real value of the independent variable in which 215 

the interpolation curve is evaluated (x). As can be observed, f(x) is well-fitted to the 216 

points of the operation line, but, to be more realistic, f(x) should be considered in the 217 

same range of Q (see Graph B in Figure 4). In order to add the H vs. Q characteristic 218 

curve to the above graph, it has been included in the spreadsheet (with its corresponding 219 

units) and the result is shown in Figure 5.  220 

The Q value passing through the pump (Q_solution) is achieved by solving the system 221 

of equations formed by the H vs. Q characteristic curve and f(x), as can be illustrated in 222 

Figure 6. For this purpose, it is necessary to include three sections: a) in the first, all 223 

known values should be entered (they have been already included in the beginning of 224 

the spreadsheet, Figure 1), b) in the second, Mathcad requires a guess value of the 225 

unknown variables (in this case, Q) and, c) in the third section, the system of equations 226 

and the functions Given and Find are implemented. The volumetric flow rate (0.067 227 

m3/s) and its corresponding head value of 89.065 m, which can be checked from both 228 

characteristic curve and f(x) function, are the correct solution (see Graph in Figure 6). 229 

Next, a total efficiency of 0.361 is obtained from the η vs. Q characteristic curve, 230 

Eq.(12), and, finally, a drive power of 1.122·105 W is obtained from the Eq.(10). 231 

5. USING THIS EXERCISE IN THE CLASSROOM  232 

5.1. Students 233 
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The actual task of solving the calculation of the pumping power for a centrifugal pump 234 

was carried out by second-year chemical engineering students (36 people in total), 235 

under the scope of the course named Fluid Flow (reference: 606210204), tutored by the 236 

corresponding author of this paper. This course was intended to provide students with 237 

the necessary knowledge about the basic principles of fluid mechanics and its 238 

application to solve problems in the field of engineering, calculation of pipes, channels 239 

and fluid systems. Going back to the students, 10 of them were female and 26 were 240 

male, and all of them were aged between 19 and 22 years. The prerequisites of this 241 

course included all the usual set of required undergraduate chemical engineering 242 

courses (among other, mass and energy balance, thermodynamics or transport 243 

phenomena). 244 

5.2. Teaching methodology 245 

In order to achieve the aforementioned objectives in the Introduction section, the aim is 246 

to design an adequate teaching methodology so that students can get the most out of 247 

Mathcad. The teaching methodology consists of two tasks: 248 

Task 1. Training courses on initiation to Mathcad 249 

Two 5 hour seminars dealing with the basic notions about Mathcad and aimed to at our 250 

students were held near the end of the academic semester and immediately after the 251 

lectures focusing on the use of centrifugal pump and its characteristic curves. These 252 

initiation courses took place in the computer rooms at the University of Huelva itself, 253 

where a version of Mathcad Prime 4.0 is available, and dealt with: 254 

• Session 1: a) Description of the software-user interface, b) definition of simple 255 

functions and c) 2D graphical representation. 256 

• Session 2: a) Resolution of system of linear equations, b) use of spline cubic 257 

interpolation function and c) doubts and questions. 258 
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All information regarding these training courses to Mathcad were available to students 259 

in the Moodle virtual platform of the University of Huelva (http://moodle.uhu.es/). 260 

Thus, within this platform, a meeting space between the teacher and the students was 261 

created. The date and place of each seminar, support material, tutorial videos, as well as 262 

the resolution of the different practical cases made during these seminars could be found 263 

in the platform. 264 

Task 2. Calculation of pumping power by using Mathcad 265 

After completing the training courses on initiation to Mathcad, the teacher designed an 266 

exercise that enabled students to apply the knowledge acquired to solve specific 267 

engineering problems related to Fluid Flow course. In order to do this, the teacher 268 

prepared a previous report that was delivered to the students (via Moodle), gathering the 269 

following information: 270 

• Theoretical considerations: including all definitions and equations that were useful 271 

for the calculation of centrifugal pumping power. It was a format similar to that 272 

presented in the “Theoretical considerations” section of the present manuscript. 273 

• Problem statement: it can be equal to the one here proposed in the “Problem 274 

statement” section or it is also possible to prepare different exercises changing some 275 

initial data such as internal diameter and length of the pipe, distance between tank 276 

levels, fluid’s properties, characteristic curves, etc. With this, it was sought to 277 

emphasize the versatility of the Mathcad spreadsheet for studying the influence of 278 

input variables on the final result.  279 

• Traditional procedure to solve the exercise: it enables students to identify the 280 

advantages of using Mathcad for solving the calculation of centrifugal pumping 281 

power with respect to the traditional procedure, which has been briefly described in 282 

the “Problem solution by using Mathcad” section.  283 
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• Main indications to solve the exercise through Mathcad: the teacher gives some 284 

indications to help students to prepare their Mathcad spreadsheet. It will include the 285 

use of Mathcad functions like cspline, interp, given and find. 286 

Once the previous report has been prepared and made available to the students on the 287 

Moodle platform, they solved the proposed exercise by using Mathcad in a 5h-seminar. 288 

The seminar happened right after the two training courses about Mathcad. In addition to 289 

the help provided by the previous report, given that there was the possibility of solving 290 

the problem through different pathways, students could exchange ideas and proposals 291 

among themselves giving rise to a set of possible Mathcad spreadsheets. Thus, the 292 

classroom atmosphere that was created promoted the interpersonal relationships and co-293 

operative learning. Finally, students delivered their spreadsheet in Moodle platform, 294 

allowing the teacher to create a repository for further evaluation.  295 

5.3. Student feedback and evaluation 296 

In order to quantify the satisfaction degree of the students with the teaching 297 

methodology as well as with the use of Mathcad to solve the calculation of pumping 298 

power, the students answered specific questions on these matters. With this information, 299 

the teacher hoped to detect possible errors and overcome them for future actions. Next, 300 

the results obtained by the students enrolled in the Fluid Flow course corresponding to 301 

the 2017/2018 academic year were commented. 302 

The first survey was carried out at the end of the second seminar about initiation to 303 

Mathcad and, again, it was available in the Moodle platform. The questions and their 304 

corresponding responses are displayed in the Figure 7. Students gave positive feedback 305 

to the training courses, since 75 or 14 % students considered these training courses with 306 

a global evaluation (Q10) of High or Hery High. Interestingly, although an 307 

overwhelming majority of the respondents did not have previous knowledge of Mathcad 308 
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(Q1), they do not think it is a complex software, given that only 14 % students marked 309 

Very High in Q8. As for the teacher, they pointed out that he was committed to this task 310 

(Q2), its knowledge about Mathcad was adequate for instructing these courses (Q3) and 311 

he knew how to resolve the doubts (Q4). One of the main conclusions that might be 312 

drawn from this first survey was that two seminars of 5 hours each were not enough to 313 

achieve the required skills to work with Mathcad autonomously, which can be deduced 314 

from Q6 and Q7. Supporting even more this assertion, the responses in the opening-315 

ended question move in the same direction and, therefore, it will be a matter to be taken 316 

into account for oncoming training courses on initiation to Mathcad. Particularly 317 

motivating was the growth of interest in using Mathcad after these courses (Q9), which 318 

makes me feel that I have fulfilled one of the main objectives. 319 

The second survey was related to the use of Mathcad for the calculation of pumping 320 

power, which was also conducted after students made the proposed exercise, giving rise 321 

to the results displayed in Figure 8. The majority of the comments raised by the students 322 

(not shown here), also supported by the score obtained in their corresponding questions, 323 

make clear that:  324 

• Students preferred to solve the calculation of the pumping power by using Mathcad 325 

instead of the traditional procedure (Q1), since the mathematical difficulties are 326 

negligible (Q3) and, after making a good template, it is easy to study the effect of the 327 

input variables on the final results (Q4). 328 

• The use of Mathcad enables students to understand the theoretical basis behind the 329 

pumping phenomenon (Q2), increasing the motivation to use Mathcad for solving 330 

other engineering problems that may be presented in the Fluid Flow subject (Q9). 331 
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• After completing this exercise with Mathcad, almost half of students were not trained 332 

to solve problems raised in other subjects (Q7), which may be due to the fact that the 333 

time used for the training courses was too short. 334 

Last but not least, especially rewarding were the talks held with the students during the 335 

breaks of the seminars; in a nutshell, they did not come to understand how nowadays 336 

these computational tools are not developed at the beginning of any engineering degree. 337 

5.4. Authors’ reflections 338 

Based on the conclusions derived from students’ surveys, as well as from our own 339 

perception, it is clear that the teaching methodology implemented here was really 340 

promising, which encourages us to continue applying it. In order to improve future 341 

actions, some reflections are presented: 342 

• It would be convenient to give more emphasis to the disadvantage of the 343 

traditional methodology (i.e., its inaccuracy and high time required) before 344 

students start using Mathcad software. For this purpose, it is proposed to solve 345 

the pumping problem by applying the traditional way at the beginning of the 346 

seminar about the use of Mathcad. 347 

• Some changes in the survey questions would be advisable. For example, students 348 

could score (e.g. on a scale between 1-10) their preference to use Mathcad 349 

software instead of the traditional procedure. In addition, students could be 350 

asked directly how they believe that the implementation of this teaching 351 

methodology could be improved. 352 

• The duration of the training seminars on initiation to Mathcad are clearly 353 

insufficient. Therefore, it is proposed, at least, to dedicate one more 5h-seminar 354 

for that purpose, and thus make it possible for students to manage this software 355 

autonomously. 356 



- 16 - 

• In order to consolidate the concepts taught during the initial training seminars, 357 

students could be asked to solve simple problems concerning the use of Mathcad 358 

software outside school hours. 359 

6. REMARKS CONCLUSIONS 360 

With the aim of improving the calculation of pumping power, an educational experience 361 

involving the management of Mathcad software was carried out with second-year 362 

chemical engineering students enrolled in the Fluid Flow course. The comprehensive 363 

teaching methodology included training courses on initiation to Mathcad, the delivery 364 

of a report (with valuable information about the theoretical considerations behind the 365 

phenomenon, the problem statement or the main indications to solve it by using 366 

Mathcad) and the creation of a meeting space supported by the Moodle virtual platform 367 

of the University of Huelva. Two student surveys were conducted separately after 368 

completing the training courses and solving the proposed pumping power problem by 369 

using Mathcad. Survey results clearly indicated that this computational tool 370 

significantly improved students’ ability to solve the calculation of pumping power. The 371 

main reasons that students alleged for their decision are two: the mathematical 372 

difficulties are negligible and Mathcad allows them to understand the theoretical basis 373 

behind the pumping phenomenon. Students also submitted valuable suggestions for 374 

improving this educational experience, such as increasing the time spent on the training 375 

courses on initiation to Mathcad, which will be taken into account for oncoming 376 

experiences. Finally, it can be considered that Mathcad provides chemical engineering 377 

students with the ability for creating their own spreadsheets, so that they can apply this 378 

software to the resolution of other engineering problems in their academic or working 379 

life.  380 

7. LIST OF SYMBOLS  381 
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V velocity [m/s] 382 

α kinetic factor [-] 383 

g gravitational constant [m/s2] 384 

z height [m] 385 

P pressure [Pa] 386 

ρ density [kg/m3] 387 

W required energy [J/kg] 388 

∑F friction energy losses [J/kg] 389 

H head [m] 390 

L  length [m] 391 

D diameter [m] 392 

f friction factor [-] 393 

 394 

Re Reynolds numer [-] 395 

µ dynamic viscosity [Pa·s] 396 

Pt theoretical power pump [W] 397 

Pd drive pump [W] 398 

•

m  mass flow rate [kg/s] 399 

Q volumetric flow rate [m3/s] 400 

ηh hydraulic efficiency [%] 401 

ηm motor efficiency [%] 402 

ηt total efficiency [%] 403 

∑Fi internal energy losses due to the pump [J/kg] 404 
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 452 

Figure 1. A portion of the Mathcad spreadsheet including all known variables values. 453 

454 
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 455 

Figure 2. A portion of the Mathcad spreadsheet with the procedure for obtaining the 456 

points of the operation line. 457 

458 
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 459 

Figure 3. A portion of the Mathcad spreadsheet with a figure including the operation 460 

line. 461 

 462 

463 
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 464 

Figure 4. A portion of the Mathcad spreadsheet with the procedure for adjusting the 465 

operation line to a spline interpolation function. 466 
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 467 

Figure 5. A portion of the Mathcad spreadsheet with a figure including both operation 468 

line and the H vs. Q characteristic curve. 469 

470 
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 471 

Figure 6. A portion of the Mathcad spreadsheet with the procedure for calculating the 472 

drive power. 473 

474 
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 475 

Figure 7. Student survey questions about the training courses on initiation to Mathcad 476 

and their corresponding responses. 477 

 478 

 479 

480 
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 481 

Figure 8. Student survey questions about the calculation of pumping power by using 482 

Mathcad and their corresponding responses. 483 
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