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Quantitative Results

Motivation Physics background, terminology and conventions First-year students:
» Students show difficulties in solving problems including Steady, incompressible pipe flow Igjr:(c:)rue;sil_ngell?_\'/ﬁlljg;mteractlon with the subject from:

steady, incompressible pipe flow group 2: traditional lecture

. . . . . « Mass conservation (continuity equation) group 3: traditional lecture + lab
QlfrgzroEgerﬂ'?gogft%%“ﬁnﬁ Igrggtlgtingse([:lt]g\?i%sj have AV group 4: JiTT/Pl-lecture + lab (three different courses, three
y P y V= AL A-V = const. different lectures) leads to an increasing percentage of correct
. e . e answers:

* Fluid dynamics is more complex. It involves difficulties - Energy conservation (Bernoulli’s principle) including L o

in kinematics and dynamics, it is related to electrical oressure losses Gravity: Question 1: | |

currents, but also shows own characteristic features 1 * correct answer checked: 45% (group 1) increasing to 77%

) 1 — 2
p1+§p-v1 +p9Z1 =P> +§P'V2 +p9Z; + APy, (group 4)

« Basic studies of students’ thinking concerning this « correct reasoning: 20% (gr 1) to 65% (gr 4) correspondingly

: 1 2 . :
pi: static pressure, - p - 7;%: kinetic energy per volume, pgz: potential energy per volume,

matter are at the beginning [Brol7, Sual7] Ap: pressure loss between position 1 and 2 Ideal Fluid: Question 2Aa):

« Venturi nozzle » correct answer checked: 70% (gr 1) to 96% (gr 4)
Goals commonly used example for i « correct reasoning: 10% (gr 1) to 88% (gr 4)
« Analyze students’ thinking concerning fluid dynamics the combination of both i Friction: Question Q2Ab) o

principles > 2 But: even if the answer for ideal fluid Is correct, the concept of
. |dent|fy more genera| difficulties — continuity can be cancelled by friction. .
» Correct answer checked and reasoning for Q2Ab)

- Develop teaching material (tutorials analogue to (including also correct reasoning for Q1 and Q2Aa): 5% (gr 1)

to 45% (gr 4)

Pressure: Question Q2B
 correct answer checked: 18% (gr 1) to 88% (gr 4)
correct reasoning: 5% (gr 1) to 40% (gr 4)

[IMcDO09]) to improve the conceptual understanding

" Uncertainty in Prioritizing )
Q1: [same] "Since the cross section of the pipe stays the
same, the velocity stays the same.

/ “Higher‘ pressure means IOWer\ [less than] Because of the difference in height, the

e W pressure is changing and hence the velocity.
_ _ VCIOCl"'Y [same] Cross section stays the same => velocity stays the
Investigation same." [107] /
Q1: [less] By reason of the Bernoulli equation, we know,

that at position 2 the dynamic pressure is smaller,

« 304 engineering students of five different programs (first because the sum of the pressures remains the same.
and second year) at the University of Applied Sciences Q2B ) [greater] In the waterfilled fubes, we see, that | |
Rosenheim, Germany, 2014/15 and 2017/ 2018 the static pressure within [along] the pipe becomes Analysis of Student reasoning

smaller, therefore the dynamic pressure must have
kncr'eased (because there is no slope present). [351] /

« Various lecturers using various teaching methods

” | : _ 1. Failure to use continuity equation / "Lower pressure means\
(traditional, JITT/PI, with and w/out corresponding lab)

lower velocity™
. . . _ . _ _ . Pressure Arguments .
« Written questionnaire with two multiple choice questions a) Formal arguments using pressure and Bernoulli’'s equation Ql: [less] "Since the pressure decreases, the

: locity also d ses." [65
and a subsequent free-response format asking for velocity also decreases.” [65]

I - I “ . TNt " i Q2A q) [less] "The static pressure decreases
reasoning (~ 5 min), complete present student group g owing down due to upwards b) Descriptive Arguments using static pressure ' Jlong the oime. Therefore the velodity af
o _ _ ti “ . _ _ < position 2 is smaller than at position 1." [219]
- Quantitative analysis of correct crossing motion 3. Analogy to single particle motion Q28 o) [less] *As a resclt of the press
c c - c : . . a)lle aresuito € pressure
* Carefully anaIySIS Of the anSW_erS’ Su bstrac’_tl_ng t_hmkmg Q1 [less] At position 2 the potential energy is higher than /a) Al’gumentS USIﬂg graVIty or pOtentlal energy drop, the velocity of the water decreases in
patterns, developpmg categories and classification of aflrgsi‘rion 1-> adfr'ac‘rion of The kinetic energy a’; Eosi;rfion 1 the center of the pipe at position 2." [6]
free text answers in these categories. A\ will be converted to potential energy at position 2." [349] b) Belief of kinetic energy loss due to friction
4. General difficulties f“SIowing down due to fricfionﬁ
Questionnaire - a) Difficulties with equations containing multiple variables Q1 [same] “The velocity depend e flow and th
T4 o of o same € veloCITy depends on volume Tiow an e
Ql \/7 Omlttlng difficult terms ~._ cross-section of the pipe. Since both does not change,
Oml.‘..“ng dlfflCUI"' terms the velocity is T‘he same at 1 and 2..‘ o
H : - _ : . P : Q2A a) [same] "In an ideal flow (without friction) there
Question 1: Water permanently flows out of a wide, water C[Qzlégsame]; Datatt + Peynt + Peeot = Petatz + Payn2 + Poeo? b) éJ_nd_erS{[_andllng the cumulative effect of friction regarding are 0 Tosses Moreover. the crossisection and the
filled tank through an inclined pipe with constant diameter. : - ISSIpative 10SSES volume flow are constant.’
5 . PIP : Pgeot. < Poeoz:Pstatt > Pstatz = Paynt. = Payn2 p Q2A b) "Yes [i.e. the answer changes], position 2 has a
The water-level of the tank is kept constant by a refill \_

smaller velocity, since the velocity in the pipe decreases
we to friction." [276] /

mechanism. Consider the water flowing in the pipe. Is the c) Recognizing the hierarchy of different principles

velocity of the water in the middle of the pipe at position 2 \

Cumulative effect of A

_ greater than 4 Hler'ar'chy of pr'mCIpleS not ) friction not seen
ik th recogr"zed "Q2A b) .If the friction is the same at 1 and 2,
— 1255 thahn Q1: [same], .velocity is constant, because the volume flow then the velocity is the same as well. If it was
and the diameter of the pipe is constant 2. Qo be different, it would change ...."[68] j
_ the same as Q2Ba) [greater] ,As the pressure at position 2 has

dropped, the velocity must have risen“[57]

"\

the velocity at position 17 Summary
Minimum percentage of first-year students who failed to
apply the concept of mass conservation: Keferences: \
Please explain, why it is like that:
Q2A Quesliionf ZAV e 3506 when the situation involved gravity (Ql)’ [Bro17] Shane Brown, Kacey Beddoes, Devlin Montfort and Anne Baghdanov, Engineering
4 ) - e 559% when the situation involved friction (QZA) and Students’ Fluid Mechanics Misconceptions: A Description and Theoretical Explanation,
similar S|tuat|o_n _ _ . 60% wh th - : - d ’ International Journalof Engineering Education, 33, No. 4, p 1149-1162 (2017).
a) same question as in Ql with (Q2()B\)/V en tne sitiuation involived a pressure drop o0l ME L - enl . oy o e
t ~ti : oV .E. Loverude, P.R.L. Heron, C.H. Kautz, Identifying and addressing student difficulties
friction to be negleCted' with hydrostatic pressure, Am. J. Phys., 78 (1) (2010).
b ing. | _ . .
) IS_ ypur _answer Chang_mg’ I Lack of understandlng the hlerar_chy of the concepts [McDO09] McDermoitt et al. 2009] McDermott, L. C., Shaffer, P. S., & Kautz, C. H.: Tutorien zur
friction is to be taken into D 2 * Frequently, tt]le role of Ipressque Is not clear Physik. Miinchen, Boston: Pearson Studium (2009).
? '  EXperiences from single particle motion are
account '. Explaln. . traﬁsferred to fluid mgchgnics (gravity, friction) [Suql_?] Alva_lr(_) Su_arez, Sand_ra Kahaq, Gena_ro Zavala and_Arturo C. Marti, _Students‘ have
QZB QU estion 2B (alternatlve) . More general difficulties can be found ;lﬁ;\;ﬁc;dnl‘j dgfelzulilgs(;:;glr\;;t(lggltg)e kinematics and dynamics of moving fluids, Phys. Rev.
similar situation B | /
a) same question as in Q1 Outlook
- _ « Test tutorial for continuity equation 4 N
b) Explain the water-level of « Develop tutorial for Bern%ulﬂ equation We acknowledge funding from the project “MINTerAKTIV”
the manometer tubes. T 2 of the Bavarian Ministry for _—
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