Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 0
WFED 7650-Applied Project in Workforce Education

Professors: Dr. Robert Wicklein & John Mativo

Student: Edward Locke, University of Georgia

Appendix 3B

High School Appropriate Fluid Mechanics Tables
For
HIGH SCHOOL APPROPRIATE ENGINEERING CONTENT KNOWLEDGE IN THE INFUSION OF ENGINEERING DESIGN
INTO K-12 CURRICULUM
(Under the General Topic of “Engineering Design in Secondary Education” and of
“Vision and Recommendations for Engineering-Oriented Professional Development”)
Summer 2009 (Completion Date: Thursday, July 9, 2009)

College of Education, University of Georgia

Professors:
Dr. Robert Wicklein, Dr. Roger Hill and Dr. John Mativo
Advisors:
Dr. Sidney Thompson and Dr. David Gattie (Driftmier Engineering Center)
Student:

Edward Locke (edwardnlocke@yahoo.com)



mailto:edwardnlocke@yahoo.com�

Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)
WFED 7650-Applied Project in Workforce Education

Professors: Dr. Robert Wicklein & John Mativo

Student: Edward Locke, University of Georgia

Notes on How to Use This Appendix

The whole Research Project and this Appendix constitute the groundwork for a proposed four-round five-point Likert Scale
survey study, with five major steps in its research design:

1.

2.

Preliminary selection of high school appropriate fluid mechanics topics;
Presentation of data to faculty advisors for review;

Presentation of data to a panel of university faculty for validation and endorsement;
4-round Delphi study using 5-point Likert Scale;

Comparative analysis of the results from the 4-round Delphi study, for the creation of a formal list of high school
appropriate engineering topics.

Participants in the “4-round Delphi study using 5-point Likert Scale” might include the following groups of stakeholders in
engineering and technology education:

Group 1 (University Engineering and Technology Faculty);

Group 2 (University K-12 Technology Education Faculty);
Group 3 (University Undergraduate Senior-Year Engineering Students);

Group 4 (K-12 Technology and STEM Teachers and Administrators);

Group 5 (Practicing Engineers and Technicians).
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Fundamentals of

Figure 1A. The main textbook where the
fluid mechanics related engineering
analytic and predictive principles and
computational formulas are extracted.

Young | Munson | Okiishi | Huebsch

Figure 1B. The abridged version of the
textbook by the same authors and used in
California State University Los Angeles
when | took the course. This book has been
used as a reference during this research
project.

Figure 1C. The Student Solution Manual for
the main textbook used to double-check for
the mathematics and physics principles and
computational skills needed for the study of
various topics of fluid mechanics contained
in the main textbook.
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Textbook Information

Main Textbook Reference Book Student Solution Manual
Title Fundamentals of Fluid Mechanics A Brief Introduction to Fluid A Brief Introduction to Fluid
Mechanics, 5™ Edition Mechanics, 4™ Edition Mechanics, Student Solutions
Manual, 4™ Edition
Authors Bruce M. Munson, Donald F. Donald F. Young, Bruce R. Donald F. Young, Bruce R.
Young, Theodore H. Okiishi Munson, Theodore H. Okiishi, Munson, Theodore H. Okiishi,
Wade W. Huebsch Wade W. Huebsch
Publisher John Wiley & Sons, Inc. John Wiley & Sons, Inc. John Wiley & Sons, Inc.
Year 2006 2007 2007
ISBN 0-471-67582-2 978-0470039625 978-0470099285

This Appendix contains tabulated information on the initial determination of high school (at 9" Grade level) appropriate
engineering analytic and predictive principles and computational formulas for the subject of fluid mechanics; this determination is
based on the satisfaction of pre-requisite mathematics and science (namely, physics and chemistry) education, as mandated by Georgia
Performance Standards established by the State of Georgia Department of Education (available at
https://www.georgiastandards.org/Pages/Default.aspx). The above-mentioned principles and computational formulas have been
extracted from one of the most popular university undergraduate lower-division textbook on fluid mechanics; associated reference
books have been used as well (see Figures 1A, 1B, and 1C). The Appendix contains the following:

e Part One — Initial Determination of High School (9" Grade) Appropriate Fluid Mechanics Topics: This Part covers
the 1%, 2" and 3™ of the above-listed 5 major steps of the proposed study (i.e., “preliminary selection of high school
appropriate engineering topic,” “presentation of data to faculty advisors for review,” and “presentation of data to a panel of
university faculty for validation and endorsement”); and it contains the Fluid Mechanics Topic List (Engineering Topics
Mathematics and Science Pre-requisite Completion Chart for the Subject of Fluid Mechanics), on pages 14-86. As shown
in Figures 2A and 2B, on the tabulated list, the columns listing the mathematics and physics/chemistry pre-requisites for
the study of each fluid mechanics topic are listed on the right of the column containing the titles of the chapters and
sections with associated formulas, which are symbolic representations of engineering analytic and predictive principles.
The list will serve two purposes:
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1. For data review and validation: The list will be submitted to Dr. Robert Wicklein, Dr. John Mativo, and Dr. Roger
Hill at the College of Education, the University of Georgia, for review, and for validation of the findings at technical
level, in terms of validity of pre-requisite sequence and of high school students’ preparedness for learning the
engineering knowledge content identified therein. Dr. Robert Wicklein is a veteran educator profoundly and broadly
experienced in teaching both K-12 and university students engineering design and technology. Dr. John Mativo has
strong academic background and long history of professional practice in both mechanical and electrical engineering,
and over 15 years of working experience in university engineering instruction as well as in the development of K-12
appropriate engineering curriculum. Dr. Roger Hill is a veteran professor in the area of workforce education and is very
knowledgeable about K-12 education process. All of them possess great expertise in making judgment on the feasibility
of infusing specific engineering knowledge content into K-12 curriculum. To facilitate such review and validation,
proposed procedures are available on pages 8-13. After Dr. Robert Wicklein, Dr. Roger Hill and Dr. John Mativo
complete the review and validation process, the list would be edited to make corrections to all possible errors and
mistakes; and if necessary and possible, the corrected list might be submitted to a panel of university faculty for
additional validation and endorsement; and the potential members of this panel would be selected among engineering
processors with experience teaching fluid mechanics course for at least three semesters in an ABET-accredited
undergraduate engineering program, from four-year universities granting master’s and/or doctoral degrees in
mechanical and civil engineering.

2. As part of the 1* round of the proposed four-round five-point Likert Scale Delphi study: The expert opinions on
the relative importance of each topic of fluid mechanics (with analytic principles and computational formulas),
collected from the review and validation process conducted by the above professors will be counted as part of the data
for the first round of the Delphi study and statistically analyzed and processed accordingly, so as to prepare for the
second round of the proposed Delphi survey with the above-mentioned five Groups of Participants.

Part Two — 1% Round of Delphi - Five-Point Likert Scale Survey Forms: This Part prepares for the 4™ of the above-
listed 5 major steps of the proposed study; and it contains two survey forms (i.e., the first round of the “4-round Delphi
study using 5-point Likert Scale™). The Survey Forms will be presented to the above-mentioned five Groups of Participants
for the first round of the proposed Delphi survey. To facilitate the survey, detailed information on how to fill out survey
forms are available on pages 87-92.
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1. Fluid Mechanics Survey Form A (1% Round of Delphi - Likert Scale Questionnaire on the Importance of Various Fluid
Mechanics Topics Selected for High School Engineering Curriculum (For the Pre-calculus Portion): As the name
implies, this list covers only the fluid mechanics topics with computational formulas requiring no calculus related
skills. (pp. 93-127).

2. Fluid Mechanics Survey Form B (Delphi - Likert Scale Questionnaire on the Importance of Various Fluid Mechanics
Topics Selected for High School Engineering Curriculum (For the Calculus Portion): As the name implies, this list
covers only the fluid mechanics topics with computational formulas requiring calculus related skills. (pp. 128-164).

Part Three — Findings from the Research Project: This Part contains tabulated lists showing the results of this research
project, which might be used as reference in the future endeavors to infuse fluid mechanics related engineering analytic and
predictive principles and computational skills into a potentially viable high school engineering and technology curriculum,
which shall be based on the organic and seamless integration of solid mastery of engineering analytic and predictive
principles and innovative application of engineering design process.

o List 1A. Pre-Calculus Based Fluid Mechanics Topics That Possibly Could Be Taught at 9" Grade: The statistic
summary of data at the end of this list (pp. 166-170) indicates that a significant portion of fluid mechanics knowledge
content covered in the selected undergraduate level textbook could possibly be taught to high school students. 62.2% of
all Sections, and 51.0% of the volume in the selected textbook is based on pre-calculus mathematics and on principles
of physics students are supposed to learn before or by 9™ Grade, according to Georgia Performance Standards (p. 170).

o List 1B. Pre-Requisite Mathematics and Science Topics to Be Reviewed Before Teaching the Pre-Calculus Portion of
Fluid Mechanics Topics to 9" Grade Students: This list includes 24 sets of mathematics principles and skills, as well as
29 sets of physics/chemistry principles and skills that are needed as pre-requisites or as important topics to be reviewed
for the effective learning of fluid mechanics topics initially determined as appropriate for 9" Grade students (p. 171).

o0 List 2A. Calculus Base Fluid Mechanics Topics for Post-Secondary Engineering Education: Topics of fluid mechanics
on this list are either recommended for post-secondary engineering education, or for inclusion as application problems
in 11" or 12" Grade Advanced Placement Calculus course (pp. 172-174).

o List 2B. Pre-Requisite Math and Science Topics to Be Reviewed Before Teaching the Calculus Portion of Fluid
Mechanics Topics: This list includes 34 sets of mathematics principles and skills, as well as 33 sets of physics
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principles and skills that are needed as pre-requisites or as important topics to be reviewed for the effective learning of
fluid mechanics topics initially recommended either for university engineering students or for high school 11" or 12™
Grade students enrolled in Advanced Placement Calculus courses (p. 175).

Georgia Performance Grade targeted by
Standards (GPS) Code the coded GPS Table No.

Pre-requisite / /

Chapter title math skill ( NMAGS3 ) 9 413‘. ( 1 B) Whole Section

. appropriate
Section Engjineering Topics Mathematics and Science Pre-refjuisite Completion Chart at this Grade
title /

Engiﬁgering Subject: Statics

Engiheering Analytic Topics & Typical Formulas Math & Science Prerequisite Topics & Gompletion Grade (Georgia Performance Standard Code)

[Pre-requisite Math Skills/
Science Principles]
Math / [ Physics
Chapter 1: Introduction /
1.1: What Is Mechanics? [coordinate system] (M4G3) = 4% (1B) [force] (S4P3) = 4% (2A) or
1.2: Fundamental Concepts and Principles [measurement: ime] (M2M2) = 2= (1C) (S8P3) = 8% (2C)
_F . = s mm, [Parallelogram Law for the Addition of [Newton's 15, 224 and 3% Laws] (SP1} =3 9% (2C)
a-_=F-mi F,--F, F-G—3 Force/Vector Graphics] (MA3A10) = 9% (1H) [acceleration] (S8P3) = 8th (2C)
[Newton's Law of Gravitation] (S8P5) = 8% (2C)
[scientific inquiry] (S7C89) =2 7% (EB/
Whole Chapter
Computational formulas appropriate

Pre-requisite physics at this Grade
concept or principle

Figure 2A. Engineering Topics Mathematics and Science Pre-requisite Completion Chart for the Subject of Statics.
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Engineering Subject: Statics

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Possible
[Pre-requisite Math Skills/ Code) Grade
Science Principles] to Start the
Topic
Math | Physics Sec | Ch
Chapter 8: Friction (Continued)
[summation/addidon] (M6N1) = 6% (2A} [force] (S4P3) = 4% (3A) or (S8P3) > 8% (3C) | PS | P8
[four operations] (MIN3) = 1= (24) +
2 10: Belt Friction (M2N3) =2 224 (2A), or (MTN1) = 72 (2A)
T, T, _ [rigonometric fimctions] (MA2G2) = 10% (2F)
In—==ppf —= ghf = To be taught as a special math topic
I n [logarithmic functions] (MA2A4) S 10% (2E)
(For other formulas, refer to pp. 451-452) - To be taught as a special math topic
[integration] = 12% (to be taught)
[differentiation] = 12 (to be taught) Whole Chapter
. /
apropriate for
Integration and university undergraduate
differentiation statics course

covered at Grade 12
Figure 2B. Notation for undergraduate level appropriate statics topics.
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Part One:
Initial Determination of
High School (9" Grade) Appropriate
Fluid Mechanics Topics

Proposed Procedures for Review and Validation

To facilitate review and validation of the initial selection of fluid mechanics topics that could be possibly taught to students at
9™ or above Grade, as listed in the Fluid Mechanics Topic List, the following procedures are hereby proposed:

1. Look at the formulas listed under the Engineering Analytic Topics & Typical Formulas column, and check the
mathematics and science pre-requisite items under the Math and Physics/Chemistry columns; verify if there are necessary
pre-requisite that are missing; if so, write a note in either the Math or Physics/Chemistry column; and if any listed item is
not really needed, cross it out with a horizontal strikethrough (as shown on Figure 3A);

2. Rate the importance of each Section as a topic in a potentially viable 9™ or above Grade fluid mechanics subject, and write
a number representing its “importance” value (Figure 3A), using the five-point Likert Scale (Figure 3B);

3. Check the formulas listed under the Engineering Analytic Topics & Typical Formulas column, and use symbols shown
in Figure 3B to indicate your expert opinion and advice about each formula;
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4. Add your comment and advice on the Grade at which the topic should be taught to pre-collegiate students;

5. Add your general comments and advice in the empty space.

Step 2:
Rate the importance of
each Section as a topic

Fluig Mechanics Topic List (Continued).

Look at the formulas and check
the pre-requisite math and science items

Step 1:

gineering Subject: Fluid /
ngineering Analytic Topics & Typical Formulas /\1 Paossible
Grade
to Start
the Topic
Math Sec | Ch

/ Chapter 3 Elementary Fluid Mechanj¢s Dyna

mics — The Bernoulli Equati

(Continued)

5 3.2 F = ma along a Streamline [four operations] (MIN3) = 1% (2) [force] (S4P3) = 4% (3A] 58P3) & &k (3C) % g
N o . EF ... CV [trigonometric functions] (MA2G2) < 10% (2F) [gravity] (S6E1) = 6% (3A) +
fﬁ: : a5 aas 25 [partial derivative] = Post-secondary [mass] (S8P3) = 8= (3A) 't’ih PS
_ - e — e [acceleration] (S8P3) 2 8th (3C)
0 - - & (2R
i ”ﬁ”} e > 9% (E) \ /
¥=pg -
- g The main formula  F = md and
»22% [Your Correct Formuld]
aods 2 p+=pV° + 2 =constant alonga sn'eamlilENI ot ne aded]
6F,, = (p— . Jondy - ( VIS -2 . Gndy
" At N pﬁ_ ’ S (BernoulliEquation)
&L i L o does not need calculus
= Ly ] Step 41
_— VSRS Add vour comhments
\ as ) oL J
- 4 \ [You comments and ad .6&] and advice on the Grady
————iild o = 21" .
G T r vi at which the topic

b p?) e
,dz d :pdidi! — \:}Jr:.lu"lr _:|_

z=0

dp 1 ., .
@ +; V 4 gz=C (along astreamline) 4

]

1 ... .
p+ ;pl’ * + jz = constant along a streamline 5

(Beroulli Equation)

Step 3:
Check the formulas listed
in the table

\

Step 5:
Add your general

comments and advice

could be taught

Figure 3A.
Step-by-step
procedures
proposed for
the review
and validation
of data.
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Order of
Importance
of the topic

? mark:

"I don't 5

know this
formula"

X mark:

"This formula —

is wrong.
I give the

the correct one"

Likert Scale (Score of Importance) for Engineering Analysis Topics/Formulas

X mark + Grade:

""This topic will not

Totally Not So Might Be Important Very Important
Unimportant Important Important
1 2 3 4

5 work at 9th Grade;

1d Mechanics Topic List (Continued).

\

might work t 10th"

\

10

Engineering Subject: Fluid

\ &s )
Cien @OV
- T
d dp 1 _dlr) " .
L Lk,
dp 1 .
I_P+:V-+gz=c‘ (along astreamline ) 4

l .
Pts PV + )z = constant along a streamline 5

(Bernoulli Equation)

/

Strike-through: "Rarely tay

[Your comments a

Boxed with Number: "Used|and taught" &
"Order of Importance" with Likert Scale

Engineering Analyvtic Topics & Typical Formulas Math & Sciency Pre-requisite Topies & Completion Grade (Georgia Performance Standard Cod Possible
Pre-réguisite Math Skills/Science Principles] (GPS Code) = Grade (Table No. Grade
p! )
to Start
the Topic
Wlath Physics/Chemistry ec | Ch
Chapter 3 Elementary Fluid Mechanics Dynamics — The Bernoﬁui Equation (Continued)
3.2 F=ma along a Streamline [four operations] (W{1N3) = 1% (24) [force] (S4P3) = 4% (3A) or (S8P3) =3 §2(3C) ¥' o
. . - e EF [trigonometric functions] (WIA2G2) =2 10% (2F) [gravity] (S6E1) = 6% (3A) 1_h +
EQE- g T a A [partial derivative] = Bpst-secondary [mass] (SEP3) = 8% (3A) lt, PS5
_ frrmrr e —— femdpihelbpderhes [aceeleration] (S8P3) = $th (3C)
W = yov| T > 9% (2E)
r=pg ) ‘ N\
a @ o The main fomula =\nd and
225 [Your Correct Formula
‘? 8s 2 " _ p+=pV* +z =constant alonga s eamlirENlO‘I’ n&ed&d]
8F,. =\p- . Jndpg ﬁ;]ﬁ = —2dp.dndy i .
# s (Bemoulli Equation)
P o ok -‘___- does not need calculus
L P [ Double-strike-throukh:|"Never taught or used"

" ol
ght or used

advice]

Figure 3B. Likert Scale (top) and symbols to be used for the expression of expert opinion and offer of advice.
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Notes for Chapter 6 and Chapter 7

Chapter 6 (Differential Analysis of Fluid Mechanics Flow) appears to be, for all practical purposes, too deep in calculus-based
mathematics for even 12" Grade students in Advanced Placement Calculus course to master.

Chapter 7 (Similitude, Dimensional Analysis, and Modeling) involve a lot of “abstract thinking” and appears to be most likely
beyond the cognitive developmental maturity level of high school students.

Therefore, engineering analytic principles and skills from these two Chapters are NOT analyzed for the eventual inclusion into
a potentially viable K-12 engineering curriculum. However, some generic knowledge content covered in these two Chapters could still
be lightly explored by 9" or above Grade students; thus, their relative importance could still be rated at generic knowledge level. In
addition, some appropriate skills in 7.1 (Dimensional Analysis) could be considered for high schools.

Notes about the Fluid Mechanics Analytic Principles and Formulas

The leftmost column in the Fluid Mechanics Topic List (Engineering Topics Mathematics and Science Pre-requisite
Completion Chart for the Subject of Fluid) contains

1. The titles of each section under a particular chapter in the selected textbook, which in general represent particular sets of
fluid mechanics related engineering analytic and predictive principles, in a qualitative and explanatory way;

2. Computational formulas, which symbolically represent the above engineering analytic and predictive principles, in a
quantitative and mathematical way.

As shown in Figure 3B, the formulas extracted from the selected textbook might by categorized into five groups,
corresponding to the five different symbols shown in Figure 3B, which could be used by the above-mentioned professors from the
University of Georgia and other schools to indicate their expert opinions and advices about each formula:
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1. Formulas that engineering professors actually teach in classroom lectures and that practicing engineers use in engineering
design projects: These are the important ones to be included in a potentially viable K-12 engineering curriculum that shall
be based on cohesive and systemic mastery of engineering analytic and predictive principles and skills. For any of these
formulas, a box could be used together with a number representing its order of importance according to the five-point
Likert Scale (1 = Totally Unimportant, 2 = Not So Important, 3 = Might Be Important, 4 = Important, or 5 = Very
Important).

2. Formulas that are rarely used in either classroom lectures or in field practice, but are used by the original discoverer of a
particular set of analytic principles to derive other formulas that are actually used in classroom lecture or in field practice:
Some of these “intermediate” formulas might not be used often, in other words, they are “rarely taught or used.” For any of
these formulas, a strikethrough could be used. If a big enough percentage of participants (maybe 85% or above) place a
strikethrough on a particular formula at the end of each round of the proposed four-round Delphi study, then the formula
will be removed from the survey form for the next round. If the trend continues through all four rounds of the proposed
Delphi survey, then that formula might be removed from the final list of high school appropriate fluid mechanics topics.
Interestingly enough, in some cases, rarely used calculus-based “intermediate” formulas are used to derive a final one that
is based on pre-calculus mathematics skills and is actually used in most homework assignments and design projects; in this
case, if the “intermediate” formulas are removed from consideration, then the entire topic of fluid mechanics could be re-

classified as appropriate for 9" Grade. For example, the main formula F = ma and

1 : . .
p+ E,oV 2 + yz = constant along a streamline (Bernoulli Equation) do not need calculus, and thus, could be taught to 9™

Grade students. This type of formulas will make the list shorter and shorter as the proposed Delphi study moves to the next
round of survey. Some of these formulas might not be in the selected textbook; I derived them for fun, sometimes with the
help of my former engineering professor, Dr. Samuel Landsberger, at California State University Los Angeles.

3. Formulas that are particular to certain conditions and in real classroom lectures or field practice are, for all practical
purposes, are close to be “never used:” For any of these formulas, a double-strikethrough could be used. If a big enough
percentage of participants (maybe 75% or above) place a double-strikethrough on a particular formula at the end of each
round of the proposed four-round Delphi study, then the formula will be removed from the survey form for the next round.
If the trend continues through all four rounds of the proposed Delphi survey, then that formula might be removed from the
final list of high school appropriate fluid mechanics topics. This type of formulas will also make the list shorter and shorter
as the proposed Delphi study moves to the next round of survey.
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4. Formulas that even experienced university engineering professors or practicing engineers might “not understand:” This is
amazing but totally correct and yes, absolutely normal! There are formulas that even experienced professors might say “I
do not understand this” or “I need to read the context in the book to figure this out.” For any of these formulas, the
participants should generally not seek to understand them (doing so does not serve the purpose of studying the relative
importance of each computational formula); but instead, a question mark (?) could be used. If a big enough percentage of
participants (maybe 65% or above) place a question mark (?) on a particular formula at the end of each round of the
proposed four-round Delphi study, then the formula will be removed from the survey form for the next round. If the trend
continues through all four rounds of the proposed Delphi survey, then that formula might be removed from the final list of
high school appropriate fluid mechanics topics. Indeed, it makes little sense to include this type of formulas to a potentially
viable K-12 engineering curriculum. This type of formulas will also make the list shorter and shorter as the proposed
Delphi study moves to the next round of survey. Some of these formulas might not be in the selected textbook; I derived
them for fun, sometimes with the help of my former engineering professor, Dr. Samuel Landsberger, at California State
University Los Angeles.

5. Formulas that are wrong for any reasons (my typing errors, or the authors’ errors, etc.): For any of these formulas, a cross
(X) could be used and the correct formulas should be given if possible. The correction would be included in the survey
forms for the subsequent rounds of the four-round five-point Likert Scale Delphi study.

For convenience of statistic analysis of expert opinions and advice, it is requested that all participants print each letter of their
comment legibly and separately, using fonts commonly used in engineering notebooks.
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Fluid Mechanics Topic List
Engineering Topics Mathematics and Science Pre-requisite Completion Chart for the Subject of Fluid Mechanics
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec [ Ch
Chapter 1 - Introduction
1.1 Some Characteristics of Fluid N/A [pressure] (SC5) > 9™ (4B) > To be taught o [ g
[velocity] (S8P3)-> 8" (3A) +
[force] (S4P3) = 4™ (3A) or (S8P3) > 8™ (3C) PS
[molecule] (S8P1)> 8™ (4A)
1.2 Dimensions, Dimensional Homogeneity, and Units [unit conversion] (M6M1) > 6" (2C) N/A oM
E - P [four operations] (M1N3) 9th15‘ (2A)
p= A: >S5 F = pAs r= K o 5ﬂ [square root] (M8N1) > 8" (2A)
1.3 Analysis of Fluid Mechanics Behavior N/A [Newton’s 1%, 2" and 3™ Laws]h(SPl) >9™@EC) [ 9"
N/A [mass] (S8P3) > 8" (3A)
1.4 Measures of Fluid Mechanics Mass and Weight [four operations] (M1IN3) = 1% (2A) [mass] (S8P3) > 8™ (3A) om
[gravity] (S6E1) > 6™ (3A)
1.4.1 Density [four operations] (MIN3) = 1% (2A) [density] (S6E5) > 6™ (4A) om
m vV o1 [volume] (M5M4) > 5" (1B) (M6M3) > 6" (2B) [mass] (S8P3) > 8" (3A)
p=— V=—=— (MA1GS5) > 9" (2F)
V m p
1.4 2 Specific Weight [four operations] (M1IN3) = 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | 9™
W mg [gravity] (S6E1) > 6™ (3A)
y=—=—"= [density] (S6E5) > 6™ (4A)
vV V
1.4.3 Specific Gravity [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught om
SG = L
Pro @4°C
1.5 Ideal Gas Law [four operations] (MIN3) > 1% (2A) [temperature] (SP3) > 9™ (3B) o"
p=pRT [absolute temperature] (SP3) > 9" (3B)
- To be taught
[density] (S6E5) > 6" (4A)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 15
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 1 — Introduction (Continued)
1.6 Viscosity [four operations] (MIN3) > 1% (2A) [density] (S6E5) > 6™ (4A) PS | 9"
Uy P [derivative] > 12 (To be taught) [absolute temperature] (SP3) > 9" (3B) +
u= o tanof = of = Y [trigonometric functions] (MA2G2) > 10" (2F) - To be taught PS
da=Ua 5ﬂ:% y=Ilim &b ;}:B:d—u
b a-0 gt b dy
Ty T du T= du
7 dy H dy
T 3/2
ﬂ:C ﬂ_DeB/T V_ﬁ
T+S P
1.7 Compressibility of Fluids N/A N/A oM
1.7.1 Bulk Modulus [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught om
dp dp [derivative] > 12" (To be taught as a special skill) [density] (S6E5) > 6" (4A)
E —_—— —_——
"odyvy T dplp
1.7.2 Compression and Expansion of Gases [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught om
p p [exponent] (M6A3) > 61 (2A) [density] (S6E5) > 6 (4A)
—=Constant —-=Constant E, =p E, =kp
P P
1.7.3 Speed of Sound [four operations] (MIN3) > 1% (2A) [speed of sound] (SPS9) > 9™ (3B) on
dp dp [square root] (M8N1) > 8" (2A) > To be taught
o [E E, = do/p @p [derivative] > 12" (To be taught as a special skill) [velocity] (S8P3)-> 8" (3A)
c= ,fd— == « E 4 [absolute temperature] (SP3) > 9" (3B)
o P Eo_0p - To be taught
p dp
kp
c=\p — ¢=+kRT
p = pRT
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 16
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 1 — Introduction (Continued)
1.8 Vapor Pressure N/A [intermolecular cohesive force] > To be taught | 9™ om
[momentum] (SP3) > 9" (3B) +
[pressure] (SC5) > 9" (4B) > To be taught PS
1.9 Surface Tension [areas of geometric shapes: circle, triangle] [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | 9
20 (M5M1) > 5™ (2B) [mass] (S8P3) > 8" (3A)
27Ro = ApﬂR2 Ap=p,— P, =— (M5M1) > 5™ (2B) [pressure] (SC5) > 9" (4B) > To be taught
R [unit conversion] (M6M1) > 6" (2C) [weight] (MKM1) > K (2C)
20 c0sd [height] (MKM1) > K (2B) [gravity] (S6E1) > 6™ (3A)
2h _ _ : : . th
yiR“h =27Rocosd — h= T [trigonometric functions] (MA2G2) > 10" (2F)
1.10 A Brief Look Back in History N/A N/A 9
1.11 Chapter Summary and Study Guide N/A N/A oM
Chapter 2 Fluid Statics (Continued)
2.1 Pressure at a Point [four operations] (M1IN3) = 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8" (3C) | PS | PS
[sigma notation] (MEN1) > 6" (1A) or [Newton’s 1%, 2" and 3™ Laws] (SP1) > 9" (3C)

F=ma

D F, = p,Xdz — p,ksind =p@ay

X or —» Xy oL a

DF, = p,oXdy — p,oXFcosO — y )

A 5x§2y52 E

z

z

(MA1A3) > 9" (2E)
[coordinate system] (M4G3) > 4" (2B)
[limit] - Post-Secondary
[volume] (M5M4) > 5 (1B) (M6M3) > 6" (2B)
(MA1G5) > 9" (2F)
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WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 2 Fluid Statics (Continued)
2.1 Pressure at a Point (Continued) [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8" (3C) [ PS | PS
E=ma [sigma notation] (M6Nl% > 6" (1A) or [Newton’s 1%, 2" and 3 Laws] (SP1) > 9" (3C)
5 5y§ (MA1A3) > 9" (2E) )
_ Xoyor [coordinate system] (M4G3) > 4" (2B)
ZFV = PyX3 = p&SING =p——"—a, [limit] > Phost-Secondary .
t 1
KV KV [volume] (M5M4) > 5™ (1B) (M6M3) - 6™ (2B)
D F, = p,Xdy — p,oxFcos —y Yor _ 52y a, (MA1G5) > 9" (2F)
X Oy L =
2
2.2 Basic Equation for Pressure Field [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught PS

[p - p@jéx& —(p + péyjax& -
oy 2 oy 2

=

—a—péxéyﬁz
OX

«— yXKo=

y

&, =P sy
oy

OF =

z

_% Xy
oz

[partial derivative] - Post-Secondary
[gradient “del”] - Post-Secondary
[volume] (M5M4) > 5™ (1B) (M6M3) > 6" (2B)
(MA1G5) > 9" (2F)

[coordinate system] (M4G3) > 4" (2B)

[acceleration] (S8P3) - 8th (3C)
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WFED 7650-Applied Project in Workforce Education 18
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 2 Fluid Statics (Continued)
2.2 Basic Equation for Pressure Field (Continued) [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught PS PS
- - X . - opr Opr [partial derivative] = Post-Secondary [acceleration] (S8P3) - 8th (3C)
OF =0F i +oF j+oF k= —(I +—j+ kj&xéyéz [gradient “del”] > Post-Secondary
ox oy o [volume] (M5M4) > 5% (1B) (M6M3) > 6 (2B)
P Ops Py ROSRermer (MA1G5) > 9" (2F)
o o T gk =vp V()= w Tt gk [coordinate system] (M4G3) > 4" (2B)
S - - oF =oma
F, =-Vp — Wk =—pskdyk Z z
Xy oL oM = PXKYO
> F=¢F, -Mk=0oma —
— VPXSYSIK — ykSySIKK = poxSyStkd  —
~Vp -k =pa
2.3 Pressure Variation in a Fluid Mechanics at Rest [four operations] (MIN3) = 1% (2A) [pressure] (SC5) = 9™ (4B) > To be taught PS
a=0 - -Vp—jk=0 [derivative] > 12" (To be taught)
5 5 a q [partial derivative] = Post-Secondary
P_g P_gP__, , P__, [gradient] - Post-Secondary
OX oy oz dz
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WFED 7650-Applied Project in Workforce Education 19
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 2 Fluid Statics (Continued)
2.3.1 Incompressible Fluid [four operations] (MthS) > 1M (2A) [pressure] (SC5) > 9™ (4B) > To be taught o [ oM
, 2 -p, =z, - integration] = 12" (To be taught
J‘P dp:*]/J. dz - {pz Py 7(22 21) [integ ] ( ght)
P1 a pp— P, = 7(22 - Zl) .
Note: The main Survey Form ula
p,=h+p, _ }’h n _ h +
- p-p,=h - h_pl_pz p_ pO_pg pO
Ty does not need calculus.
p=s+p,=pgh+p,
2.3.2 Compressible Fluid [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught on

p=pRT
(dz)dfg‘p):_%(dz) d—;:—%dz N

dp (2 @ g (= dz

Ll;:L‘ﬁdZ:‘EL? -
edp o Pe_ Gz
Ll?_ln o Rl T

= p,exp| —
P, =p p{ RT,

[exponent] (MBA3) > 6" (2A)
[integration] > 12" (To be taught as a special
skill)

[derivative] > 12" (To be taught)

Note: The main formula

does not need calculus

P, =P, exp{_

[absolute temperature] (SP3) > 9" (3B)
- To be taught
[gas/liquid] (SPS5) > 9" (3B) - To be taught
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WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 2 Fluid Statics (Continued)
2.4 Standard Atmosphere [four operations] (MIN3) > 1% (2A) [temperature] (SP3) > 9" (3B) o [ oM
o/RB [exponent] (M6A3) > 61 (2A) [pressure] (SC5) > 9™ (4B) > To be taught +
T=T.-f p=p, 1_ﬁ [density] (S6E5) > 6" (4A) PS
T, [weight] (MKM1) > K (2C)
2.5 Measurement of Pressure [four operations] (MIN3) = 1% (2A) [pressure] (SC5) = 9™ (4B) > To be taught om
pabs = pgage + patm patm = }/h + pvapor
2.6 Monometry [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught om
[cylinder] (M1G1) (M1G2) 2 1% (2B)
2.6.1 Piezometer Tube [four operations] (M1IN3) = 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught om
p=sh+p, PpP.=rh [height] (MKM1) - K (2B)
2.6.2 U-Tube Manometer [four operations] (M1IN3) = 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught om
p=M+p, Patrhi-»h,=0 —
Pa =70, —yihy Py =750,
Pat7ihi =70, —yshs=ps —
Pa— P =750, +73h; —+y,hy
2.6.3 Inclined-Tube Manometer [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught om
D+ 7.0 —7,0,5iN0—y5h, = pg [trigonometric functions] (MA2G2) > 10" (2F)
Pa—Pg =720,5IN0+ y3hy —yihy
: Pa—Ps
—Pg =y,0,8IN0 — (,=—"——
Pa— P =72t 2 7,5in0
2.7 Mechanical and Electronic Pressure Measuring Devices N/A N/A
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 21
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 2 Fluid Statics (Continued)
2.8 Hydrostatic Force on a Plane Surface [surface] (M6M4) > 6™ (2B) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [PS [ 9™
! . :
F = dA= ingdA FE. =ysinof v dA [four operations] (M1N3) = 1% (2A) [weight] (MKM1) - K (2C) +
R -[Am -[AW sin R =78 Ly [exponent] (M6A3) > 61 (2A) [pressure] (SC5) > 9™ (4B) > To be taught PS
I ydA=y,A F,=Ay,sind [trigonometric functions] (MA2G2) > 10" (2F) [2* moment of the area] > To be taught
A [integration] > 12" (To be taught as a special skill) [2™ moment of the area] > To be taught
F.=4h.A F.y, :Ly dF :fAysinH y’dA
2
TUOVA VA YA
I Ayz | )
—_x e _ _x 1. =1 A
yR ycA+ycA ycA+yC e X XC+ yC
) xy dA |
FaXg :L;f sing xy dA X, :-[AyCA: ycyA
|
XR:ﬁ-'—Xc Ixyzlxyc+Achc
2.9 Pressure Prism [four operations] (M1IN3) ? 1 (2A) [pressure] (SC5) éh 9™ (4B) > To be tatdght om
rism] (M6G2) > 6" (2B force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C
FR=pavA=7(ng Fszolume:%th):y(ng [prism] (M6G2) > 6" (28) [force] (4P3) > 4" (3A) or (S8P3) > 8" (3C)
Fr=F+F Fy,=Ry,+FKY,
2.10 Hydrostatic Force on a Curves Surface [four operations] (M1IN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | 9
F,=F, F,=F+W [Pythagorean Theorem] (M8G2) > 8" (2B)
Fe = (FH )2 + (Fv)2
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 22
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 2 Fluid Statics (Continued)
2.11 Buoyancy, Flotation, and Stability [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [ 9™ [ 9™
N/A [volumel1 (M5M4) > 5™ (2B) [weight] (M4M1) > 4™ (2C) +
2.11.1 Archimedes’ Principle (M5M4) > 5™ (1B) (M6M3) > 6" (2B) PS
Fe=F-FK -W F-FR= 7(h2 - h1)A (MAIGS) = o (2F)
Fe = 7(h2 - hl)A_ 7[(h2 - hl)A_\’L]
Fo=M FRY.=Fy.-FRy _Wyz
V—yc =V? Yi— (Vir _v)yZ
2.11.2 Stability
N/A
2.12 Pressure Variation in a Fluid Mechanics with Rigid- [four operations] (MIN3) = 1% (2A) [pressure] (SC5) = 9™ (4B) > To be taught PS
Body Motion [coordinate system] (M4G3) > 4" (2B) [density] (S6E5) > 6™ (4A)
op [partial derivative] = Post-secondary
Tk P3y [gradient] = Post-secondary
~ 0
~Vp-k=pa o> {-F=pa,
y
op _
8Z - 7 + paz
2.12.1 Linear Motion [four operations] (l\/}l11N3) > 1M (2A) [pressure] (SC5) > 9™ (4B) —)h To be taught PS
p p _op op [derivative] > 12" (To be taught) [density] (SBE5) > 6™ (4A)
eV Ry ST -plg+a,) dp= @dy + gdz [partial derivative] > Post-secondary
dp =—pa,dy - p(g +a, )z
dz a, dp
—=— —=-plg+a
o gia plg+a,)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 23
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 2 Fluid Statics (Continued)
2.12.2 Rigid-Body Rotation [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught PS [ oM
vp=Pe (1P Wy 5 126 a0 4 =0 [derivative] > 12 (To be taught) [gravity] &SGEl) > 6" (3A) +
o " reo’ ezt e ‘ [partial derivatives] = Post-secondary [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) PS
op _ pre? P _qy 9P _ - [gradient] > Post-secondary
or 20 o [integration] > 12" (To be taught)
dp= Py P dp = pro’dr —y dz
or oz
dp=0 - 0=pre’dr—-ydz —
0=pro’dr-pgdz - O=re’dr-gdz —
2
g dz=ro’dr — gz _ro
dr g
dz  (ro’ dz ro?
o T - Ia(dr)fj g (dr) —
ro’ r’ o
_[dz:_[—dr - I=—— -
g 2.g
7= Lils + constant J'dp = pwz_[r dr —yJ'dz
29
2,2
p= PO 72 + constant
2.13 Chapter Summary and Study Guide N/A N/A ot
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation
3.1 Newton’s Second Law [four operations] (MIN3) > 1% (2A) [Newton’s 1%, 2@ and 3@ Laws] (SP1) > 9™ (3C) [ 9™ [ 9"
F=ma Y (5 +F,)=ma [partial derivative] = Post-secondary - To be taught +
IV v [volume] (M5M4) > 5™ (1B) (M6M3) > 6" (2B) [force] (S4P3) > 4" (3A) or (S8P3) - 8" (3C) PS
a=Vg asVy < V= (MA1G5) > 9" (2F) [speed] (S2P3) = 2™ (3A)
Note: The main formula F = ma
does not need calculus
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 24
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)
3.2 F = ma along a Streamline [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [ 9™ [ 9™
oV oV [trigonometric functions] (MA2G2) > 10" (2F) [gravity] (S6E1) > 6" (3A) +
ZéFs = doma, = omV o = poWV B [partial derivative] - Post-secondary [mass] (S8P3) > 8™ (3A) PS

é\N:;/é\;L} — W, = —6W sin @ = —yoXV-sin @
7 =p9
op &
P, 0s 2
Fp = (p =, Jondy — (p+ b, Jondy = —2p,ondy
op op
=—— &My = M
0s ¥ 19}

DO, =W, + 5, =(—ysin9—2§

. op ov
—ysinfg——=pV —=

e a5 P s P8
dz dp 1 dfv?) 1 .,
———==p—— dp+= +ydz=0
ds ds 2'0 ds - 2pd<v) 4

dp 1., .

J'—+EV +gz=C (alongastreamline)

P

p+ % pV? + 9z = constant along a streamline

(Bernoulli Equation)

[sigma notation] (M6N1) - 6" (1A) or (MA1A3)
> 9" (2E)

Note: The main formulas F = ma and
1 .
p+ EpV ? + 7z = constant along a streamline

(Bernoulli Equation)
do not need calculus

[acceleration] (S8P3) = 8th (3C)
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WFED 7650-Applied Project in Workforce Education 25
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)
3.2 F = ma along a Streamline (Continued) [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [PS [ 9™
Alternatively [trigonometric functions] (MA2G2) > 10" (2F) [gravity] (S6E1) > 6" (3A) +
Py +12y V' + Py - 92y =Coreaminen [dot product] = To be taught as a special math [mass] (S8P3) > 8" (3A) PS

Pressure(alonga streamling + KineticEnergy+ Potential Energy
=Constant

F Fr W .
=—=—=— (Workper unit volune
P= = Ay V( p )
imwv? KE , . .
1p? =22 2 2MVEKE naticenergy per unit volume
P 'y v v ( ayp )
.g.z—m.g.z—m.g.Z—E
Pty v v
(Potentialenergy per unit volune. zk T=h; g =—zk {)

Law of conservation of mass
+ Law of conservation of energy
Bernouilli's Equation
2
pN +%pN 'VN +pN : g . ZN = Cstrea\mlineN

(Vin : r’]\Ain)' An = A2 out 'V2 out + Ai out 'Vl out

topic
[partial derivative] = Post-secondary
[sigma notation] (M6N1) > 6" (1A) or (MA1A3)
> 9" (2E)

[acceleration] (S8P3) = 8th (3C)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 26
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)
3.3 F = ma Normal to a Streamline [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [PS [ 9™
V2 pow? [trigonometric functions] (MA2G2) > 10" (2F) [gravity] (S6E1) > 6™ (3A) +
ZéF TR T W [partial derivative] > Post-secondary [mass] (S8P3) > 8" (3A) PS

W, =—8W cos@ = —A6V-cosf
S, =(p— D, )&y —(p+ P, )&y =-2p,&

op op
=—— &Ny = ——M
on ¥ on

D oF, =W, +&F,, = (—ycosa—g—pJé\%
n

dz op pV? zip__sz

dn on~ | on R

2
(_yﬁ_aipjdnz i dn
dn on R
_)

P» = dp S = constant
on dn

2
_[d—p + jv— dn + gz = constant across the streamline
P R

Vv? .
p+ p‘[adn + yZ = constant across the streamline

[radius] (M3G1) > 3" (2B)

[acceleration] (S8P3) = 8th (3C)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

27

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)
3.4 Physical Interpretation [four operations] (MIN3) > 1% (2A) [density] (S6E5) > 6™ (4A) o [ oM
1 .., ) [integration] > 12"" (To be taught) [speed] (S2P3) > 2™ (3A) +
p+ 5 PV + yz = Constant along the streamline [gravity] (S6EL) > 6 (3A) PS
V2 Note: The main formula
p+ p.fgdn + 7z = constant across the streamline D+ %pvz + 2 = Constant along the streamline
2
B+V—+ Z = constant on a streamline p V2 .
y 2 ; + 2 + z = constant on a streamline
do not need calculus
3.5 Static, Stagnation, Dynamic, and Total Pressure [four operations] (M1IN3) = 1% (2A) [pressure] (SC5) > 9™ (4B) - To be taught om
1 ., [square root] (M8N1) > 8" (2A) [density] (S6E5) > 6" (4A)
p,=p,+ > oV, [speed] (S2P3) > 2™ (3A)
1 2 -
p+ EV + 2 = p; =constant along a streamline
1,2 1 .,
Ps=p+5pV } - Py P=5pV
2 Ps=P =P 2
v - |2p:=p,)
P
3.6 Examples of Use of the Bernoulli Equation [four operations] (MIN3) = 1% (2A) [pressure] (SC5) = 9™ (4B) > To be taught om
1 ., 1 ., [exponent] (M6A3) > 61 (2A) [density] (S6E5) > 6 (4A)
Py +§le A E/?Vz +12, [speed] (S2P3) = 2™ (3A)
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WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)
3.6.1 Free Jets [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught o [ oM
[exponent] (M6A3) > 61 (2A) [density] (S6E5) > 6" (4A) +
1 ., =,/2gh [square root] (M8N1) > 8" (2A) [speed] (S2P3) > 2™ (3A) PS
h= EPV -
2g (h+H)
3.6.2 Confined Flows [four operations] (M1IN3) éh 1 (2A) [density] (S6E5) > 6;“ (4A) om
1l n
P AV, = p, AV, — V,=AV, > Q,=0Q [exponent] (MBA3) > 6 (2A) [speed] (S2P3) > 2™ (3A)
AV Az A =AY, ' 2 [areas of geometric shapes] (M5M1) > 5" (2B)
3.6.3 Flowrate Measurement [four operations] (M1N3) 9h 1% (2A) [density] (S6E5) > 6:‘ (4A) om
1 . 10 Al _ [exponent] (MBA3) > 6™ (2A) [speed] (S2P3) - 2™ (3A)
Pitg Ve =Pty Ve Q=AVI =AY, [square root] (M8N1) > 8" (2A) [pressure] (SC5) > 9™ (4B) = To be taught
0-n 2(p,—p,) [areas of geometric shapes] (M5M1) - 5" (2B) [gravity] (S6E1) > 6" (3A)
AZ 2
(%)
P, +%pvlz +72, =P, +%p\/zz +12, Q=AV,=bV,z, = AV, =bV,z,
p,=p,=0 — Q=2z,b
Q =C,Hby/2gH =C,b\/2gH *"2
z,>>1, — Q=z,b20z,
3.7 The Energy Line and the Hydraulic Grade Line [four operations] (MIN3) = 1% (2A) [density] (S6E5) > 6™ (4A) om
2 exponent] (M6A3) > 6" (2A speed] (S2P3) > 2™ (3A
p vV .
L % +z =constant on a streamline = H [square root] (M8N1) > 8" (2A) [gravity] (S6E1) > 6" (3A)
Ve
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)
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Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)
3.8 Restrictions on Use of the Bernoulli Equation [four operations] (MIN3) > 1% (2A) [density] (S6E5) > 6™ (4A) o [ oM
3.8.1 Compressibility Effects [exponent] (MBA3) > 6™ (2A) [speed] (S2P3) > 2™ (3A) +
RT J dp , 1 [logarithmic functions] (MA2A5) > 10" (2E) (To [gravity] (S6E1) > 6™ (3A) PS

p
=V’ + gz = constant =—
2 g P=RT

2 2
V—1+zl In[plj v, =+,
29 g P, 2¢g
cllk'[ p~*dp +§/2 + gz = constant
P2 k - -
CL/k i p 1lkdp :Cllk[k_lj[pgk )ik p{k 1)/k]
s
-1 P B
kK \p k P,
272 g7
( ]pl PRGN (k l)|o+2+g2
k/k-1
PP (1+u|v|a j —1| (compressible)
Py 2

P VY
2RT, - :
P 1 ~, P-p_kMa; (incompressible)

Mal — Vl p].
JKRT,
P, — P kMaf

1 2-k .
=—2Ll1+-Ma’l+——Ma +...| (compressible
0. 2 ( A Ve +— ~Ma, ) (comp )

be taught as a special skill)
[integration] > 12" (To be taught as a special skill)

Note: The main formulas
RTId—p+1V2+gz=constant p:L
p 2 RT

And others do not need calculus
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

30

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas

Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code)
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.)

Possible

Grade

to Start
the Topic

Math

Physics/Chemistry

Sec | Ch

Chapter 3 Elementary Fluid Dynamics — The

Bernoulli Equation (Continued)

3.8.2 Unsteady Effects

’O%d“dm%pd(vz)*'?/ z=0 (alongastreamline)

1 s OV 1
P +EpV12 = pL Eds"' P, +EPV22 +7Z,

(along a streamline)

[four operations] (M1IN3) > 1% (2A)
[derivative] > 12" (To be taught)
[integration] > 12" (To be taught)

[pressure] (SC5) > 9™ (4B) > To be taught
[density] (S6E5) > 6 (4A)
[speed] (S2P3) > 2™ (3A)

PS | oM
+
PS

3. 8.3 Rotational Effects
p, + % oV 492, =p, + % oV, + 2, = constant = C,,
V, =V, =V,
2,=2,=0 - Cuzépvoﬂpo
Pr=P, =P
V, =V, =V,
z;=12,=h
F=ma - C,=C, —
Ps=p,—h
Ps =Py

p+ %pv ? 4+ 7z = constant throughout flow

Po=pst/H =H H =Lt

3.8.4 Other Restrictions

[four operations] (MIN3) > 1% (2A)

3.9 Chapter Summary and Study Guide

[pressure] (SC5) > 9™ (4B) > To be taught
[density] (S6E5) > 6 (4A)
[speed] (S2P3) > 2™ (3A)

9th
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)
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Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 4 Fluid Kinematics
4.1 The Velocity Field [four operations] (MIN3) > 1% ng) [velocity] (S8P3)-> 8™ (3A) PS | PS
7_ A 2 " [coordinate system] (M4G3) > 4™ (2B)
V= U(X’ Y Z’t)l + V(X' Y, Z’t)J + W(X’ Y Z’t)k [functions] (MA1A1) - 9" (2E) and others >
V = I\7| _ (uz +v2 +wl )1/2 Post-secondary
4.1.1 Eulerian and Lagrangian Flow Descriptions [four operations] (M1IN3) = 1% (2A) [temperature] (SP3) > 9™ (3B) PS
X = X [calculus] = Post-secondary
o T = T(x0 Yo zO,t) [Eulerian method] = Post-secondary
Y=Y [Lagrangian method] - Post-secondary
T=T(x,y,21)
z=1,
4.1.2 one-, Two-, and three-Dimensional Flows [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)> 8™ (3A) PS
V =V(xt)=ui [coordinate system] (M4G3) > 4" (2B)
V =V(x,y,,t)=ui +Vj
V =V (x,y,2,t)=ui +Vj +wk
4.1.3 Steady and Unsteady Flows [four operations] (MIN3) = 1% (2A) PS
N 0 [partial derivative] > Post-secondary
at
4.1.4 Streamilnes, Streaklines, and Pathlines [four operations] (M1N3) = 1% (2A) [velocity] (S8P3)> 8™ (3A)
dy v [derivative] > 12" (To be taught)
dx U
4.2 The Acceleration Field [four operations] (MIN3) = 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS
a=alt) [functions] (MA1A1) > 9" (2E) and others [acceleration] (S8P3) = 8th (3C)
-> Post-secondary
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Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 4 Fluid Kinematics (Continued)
4.2.1 The Material Derivative [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS PS

\7A :VA(rA’t):vA [XA(t)' yA(t)’ ZA(t)vt]
X, =X, (t) ya=Yat) z,=2,(t)
g e WVa V0 OV, by, OV, dz,
dt ot ox dt | oy dt | oz dt
Y N, N, W v,

a,=—>=+u +V
Aat APax fey Mooz

N N N NV
= +Uu \" w

ot oX oy oz
ou ou ou ou
= U—+V—t+W—

Q|

a, =—+
ot ox oy oz
N NN _ DV
a, =—+U_—+V_—+W_— - ad=— -
ot oX oy oz Dt
ow ow ow ow
a, = U—+V—+W—
ot OX oy oz
7D()sa()+u®+va()+W®:®+W-VX)

t ot ox oy o ot
(Material Derivative or Substantial Derivative)

o) o) o),
A V(LEHWHEK

T —T(x,y,z,t)}

\7~V( ):ua( )+V®+W® < {\7 =\7(x,y,z,t)

oy oz
ATy _ 0Ty  OTa O, | 0Ty Ay, 0T, 02,

dt ot ox dt oy dt oz dt

DT _or o, ar ,,oT =‘§+\7~VT

Dt ot ox oy @

[dot product] = To be taught as a special math
topic
[gradient: “del”] > Post-secondary
[partial derivative] > Post-secondary

[acceleration] (S8P3) - 8th (3C)
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Professors: Dr. Robert Wicklein & John Mativo
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Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 4 Fluid Kinematics (Continued)
4.2.2 Unsteady Effects [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8" (3A) PS | 9"
au - - - - - [partial derivatives] - Post-secondary +
—=0 oL N vV oV vV oV OV, » PS
OX Sod=Es—HU—+HV—W—=—=—I
Vew=0 ot X oy oz ot ot
4.2.3 Convective Effects [four operations] (M1IN3) = 1% (2A) [velocity] (S8P3)> 8™ (3A) PS
() o()- a()- [absolute value] (M7N1) > 7" (2A) [acceleration] (S8P3) - 8th (3C)
v()= T oy I+ gk [coordinate system] (M4G3) > 4™ (2B)
L [analytic geometry] > Post-secondary
(V 'V>'/ (Convective Acceleration) [partial derivatives] - Post-secondary
4.2.4 Streamline Coordinates [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS

V =Vs§

. bv _. . _ D\ DV, DS

d=——=asS+a,n d= =——S+V —
Dt Dt Dt Dt

_ (6V oV ds oV dnjA (8§ 08 ds 8§dnj
a + S+V +——t——

ot osdt on dt ot osdt ondt

a:(v ij[v 68)
oS oS

[radius] (M3G1) - 3" (2B)
[absolute value] (M7N1) > 7 (2A)
[analytic geometry] > Post-secondary
[partial derivative] > Post-secondary
[limit] = Post-secondary

[acceleration] (S8P3) - 8th (3C)
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Fluid Mechanics Topic List (Continued).

34

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas

Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code)

[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.)

Possible

Grade

to Start
the Topic

Math

Physics/Chemistry

Chapter 4 Fluid Kinematics (Continued)

Sec | Ch

4.2.4 Streamline Coordinates (Continued)

[four operations] (MIN3) > 1% (2A)
[radius] (M3G1) - 3" (2B)
[absolute value] (M7N1) > 7" (2A)
[analytic geometry] > 12" (To be taught)
[partial derivative] = Post-secondary
[limit] = Post-secondary

[velocity] (S8P3)-> 8" (3A)
[acceleration] (S8P3) - 8th (3C)

PS

&’—>0
8]=1
os |6 % . & i
S 05 _imB_N
TR Sl iyt
[ _1
% %
oV
2 s
”:Vﬂ§+v—ﬁ «— os
s W _V?
"R
4.3 Control Volume and System Representations
F:d(mv)
dt

[four operations] (M1N3) > 1% (2A)
[volume] (M5M4) > 5" (1B) (M6M3) > 6" (2B)
(MA1GS5) > 9" (2F)

[areas of geometric shapes] (M5M1) > 5" (2B)

[velocity] (S8P3)> 8™ (3A)

glh

4.4 The Reynolds Transport Theorem

B=m —» b=1
mv 2 V2
= -
2

B=mV — b=V

B : Extensive Property b : Intensive Property

Infinitesimal fluid particles: 6% — 0

B=mb {B

[four operations] (MIN3) > 1% (2A)
[integration] > 12"" (To be taught)

[velocity] (S8P3)-> 8" (3A)
[acceleration] (S8P3) - 8th (3C)
[mass] (S8P3) > 8" (3A)
[temperature] (SP3) > 9" (3B)
[momentum] (SP3) = (3B)

9th

9th
+
PS
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WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 4 Fluid Kinematics (Continued)
4.4 The Reynolds Transport Theorem (Continued) [four operations] (MthS) > 1M (2A) [velocity] (S8P3)-> 8™ (3A) PS om
Zlim=S"h (L) — [integration] > 12" (To be taught) [acceleration] (S8P3) - 8th (3C) +
By =lim 2 Zb (%)= oo v [mass] (S8P3) > 8" (3A) PS
_ [temperature] (SP3) > 9" (3B)
T B=bpov [momentum] (SP3) > (3B)
@, d(Lyspb dv) ", d(jcvpb dv)
dt dt dt dt
4.4.1 Derivation of the Reynolds Transport Theorem [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS
DBygen _ 0Bqy L b —rh b [areas of geometric shapes] (M5M1) > 5" (2B) [acceleration] (S8P3) - 8th (3C)
Dt ot o Tew” T [volume] (M5M4) > 5 (1B) (M6M3) > 6" (2B) [mass] (S8P3) > 8" (3A)

o =SV AV (0, )Tl v,)

system dt at in
M = md—M =ma = F (Newtons Second Law)

dt dt
« m~\7zd—m\7:mﬂ:ma‘:lE & M:J—]dm\i :m&]:mézlE
dt dt dt dt dt
z(mm ~\7M)— Z(rﬁin ~\7m): Momentum — Force

Note: Other Formulas used to derive the Reynolds Transport
Theorem are available in pages 171-177.

DS;VS :%vade+jcspb\7.ﬁ dA

4.4.2 Physical Interpretation
N/A

(MA1G5) > 9" (2F)
[dot product] = To be taught as a special math
topic
[analytic geometry] > 12" (To be taught)
[integration] > 12" (To be taught)

[density] (S6E5) > 6" (4A)
[temperature] (SP3) > 9" (3B)
[momentum] (SP3) = (3B)
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WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 4 Fluid Kinematics (Continued)
4.4.3 Relationship to Material Derivative [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8" (3A) PS [ oM
- a() a() a() a() [dot product] = To be taught as a special math [acceleration] (S8P3) = 8th (3C) +
V.v()="Aru—Lrvdrw—S tobi PS
ot ox oy oz i opic
[analytic geometry] > 12" (To be taught)
D() = @Jr U@Jrvi)ﬂ,vi) _ @Jr (\7 'VX ) [partial derivative] = Post-secondary
Dt ot OX oy oz ot
(Material Derivative or Substantial Derivative)
4.4.4 Steady Effects [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)> 8™ (3A) PS
DB, 7 A [analytic geometry] > 12 (To be taught) [density] (SBE5) > 6" (4A)
Dty = Lys POV A dA [dot product] = To be taught as a special math [acceleration] (S8P3) - 8th (3C)
topic
[partial derivative] = Post-secondary
[four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS

4.4.5 Unsteady Effects

DB 0 -
sys _ Y A
= —at_[cvpb dv+Jcspr A dA
- DB 0
ooV -A dA=0 ¥ | pbdv
.[:s - Dt at.l-cv

V=V,i Ap=0 B =systemmomentum=mV =mV,i
V-A>0 (outflow)

=V =V,i {V-A<0 (inflow)
V-A=0 (along theside of the CV)

6:

S| o

[analytic geometry] > 12" (To be taught)
[dot product] = To be taught as a special math
topic
[integration] > 12" (To be taught)
[partial derivative] = Post-secondary

[density] (S6E5) > 6™ (4A)
[acceleration] (S8P3) - 8th (3C)
[momentum] (SP3) = (3B)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 37
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 4 Fluid Kinematics (Continued)
4.4.5 Unsteady Effects (Continued) [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8" (3A) PS [ oM
DB, o L [analytic geometry] > 12" (To be taught) [density] (S6E5) > 6" (4A) +
Dt a_[wpb dv- +LSPbV - dA [dot product] - To be taught as a special math [acceleration] (S8P3) - 8th (3C) PS
DB 5 topic [momentum] (SP3) - (3B)
7o _ s _ O —> To be taught as a special math topic
.Lspb V-ida=0 — Dt ot Icvpb o [integration] > 12" (To be taught)
v =V0f Ap=0 B - system momentum mv = mVOf [partial derivative] > Post-secondary
- V-A>0 (outflow)
b=2_v_vi V.i<0 (inflow)
m -
V-A=0 (along theside of the CV)
V-A=-V, (onesection)
V-A=V, (another section)
[ ooV da=[ plvi IV - A
-1, PV =V, A + [, Vol JV, JdA
=—pV;' AT+ pVi Al =0
4.4.6 Moving Control Volumes [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)> 8™ (3A) PS
V. =V-W V=W +V [analytic geometry] [density] (S6E5) > 6™ (4A)
°V & [integration] > 12" (To be taught) [acceleration] (S8P3) - 8th (3C)
DBsyS _ ﬁ J‘ b dV-+ J’ prV A dA [partial derivative] = Post-secondary [momentum] (SP3) = (3B)
Dt Ot Jov cs
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

38

Engineering Subject: Fluid

% o” DV=§LP dv-+ [ pV-i dA %va dv [ Vi dA

%va dv-=0 J.CSp\7~ﬁ dA

[ AV dA=Y iy, -, gjwpchspv.ﬁ dA=0
M= pQ = pAV m=jAp\7.ﬁ dA

Lp\7-ﬁ dA

Vv =V =

average

PA

_ _[ pV - dA For uniformlydistributed velocity
Vaverae=v =t =V H H
9 PA (one - dimensiona flow)

(MA1G5) > 9" (2F)
[areas of geometric shapes] (M5M1) = 5" (2B)
[integration] > 12" (To be taught as a special skill)

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 4 Fluid Kinematics (Continued)

4.4.7 Selection of a Control Volume N/A N/A N
N/A +
4.5 Chapter Summary and study Guide N/A N/A oM PS
N/A
Chapter 5 Finite Control Volume Analysis
5.1 Conservation of Mass — The Continuity Equation [four operations] (M1IN3) > 1% (2A) [mass] (S8P3) > 8™ (3A) PS [ 9"

5.1.1 Derivation of the Continuity Equation [analytic geometry] - 12" (To be taught) [density] (S6E5) = 6™ (4A) +

[volume] (M5M4) > 5™ (1B) (M6M3) > 6™ (2B) [velocity] (S8P3)-> 8" (3A) PS
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 39
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.1.2 Fixed, Non-deforming Control Volume [four operations] (MlN\E) > 1M (2A) [mass] (S8P3) > 8" ESA) o [ oM
0 ) L B [analytic geometry] = 12" (To be taught) [density] (S6E5) > 6™ (4A) +
X [Lpdv X =3m, =0 3 Q- 3.0, =0 [volume] (M5M4) > 5" (1B) (M6M3) > 6" (2B) [velocity] (S8P3)-> 8" (3A) PS
M= pAV B (MA1G5) > 9" (2F)
iformlvdistributed m= pAV [areas of geometric shapes] (M5M1) > 5" (2B)
s uniformiydistribut uniformlydistributed [integration] > 12" (To be taught as a special skill)
—.[ p d¥ over theopeningin the L [sigma notation] (M6N1?1 > 6" (1A) or (MA1A3)
ot Jev over theopeningin the f
controlsurface 2 97 (2E)
. . controlsurface
(one- dimensiona flow) Note: The main formula
m=p AV =p,AV, Q=AV, =AY, : YA Y& YA Y&
. . m=p AV, =p,AV, Q=AV,=AV,
zmin = zmout ] 5
z min = Z mout
are not based on calculus
5.1.3 Moving, Non-deforming Control Volume [four operations] (M1IN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS
- - - DMy 5 L [dot product] = To be taught as a special math [density] (S6E5) > 6™ (4A)
VWV, — :a_[:vp dV+jcspw.n dA=0 topic
[integration] > 12" (To be taught)
5.1.4 Deforming Control Volume [four operations] (MlNE) > 1M (2A) [velocity] (S8P3)> 8‘: (3A) PS
DM, & o a [analytic geometry] = 12" (To be taught) [density] (SBE5) > 6™ (4A)
Tty = gpr v+ LSPW N dA=0 gpr d¥-#0 [volume] (M5M4) > 5 (1B) (M6M3) > 6™ (2B)
Lo (MA1G5) > 9" (2F)
V=WV, [areas of geometric shapes] (M5M1) > 5" (2B)
[dot product] = To be taught as a special math
topic
[partial derivatives] = Post-secondary
5.2 Newton’s Second Law — The Linear Momentum and N/A N/A om
Moment-of-Momentum Equation
N/A
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 40
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.2.1 Derivation of the Linear Momentum Equation [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS om
¢ - [areas of geometric shapes] (M5M1) > 5" (2B) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) +
3 [ Vpav=3F, [vector] (MA3A10) > 11 (2H) > To be taught as [density] (SBE5) > 6™ (4A) PS
Z E Z E N a special math topics
sys conteantof the coincidentcontrol volume [Volume] (M5M4) > 5[h (1B)th(M6M3) > Glh (ZB)
D¢ _ Vi i A (MA1G5) - 9" (2F)
Dt sysz av = ajcv\/p v +J.05va n dA [dot product] = To be taught tahs special math topic
0 ¢ I _ [analytic geometry] = 12™ (To be taught)
a,LVV/’ dv-+ LSV/’V MAdA=3 FESQ%?SF?&E“& [integration] > 12" (To be taught as special skill)
[derivative] > 12 (To be taught)
[partial derivative]
5.2.2 Application of the Linear Momentum Equation [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS

D
Dt Jss

o B .
E .[chp d\rL + .stpW ‘n dA = Z Fcomentof the

control volum

Vp dv-= = [ Vp dv-+ [ VW - A

%J.cv (W +\7Cv ),0 dv- + _LS (W + \7cv )pW N dA= z 'Ecomentsof the

control volume
For constant control volume volocity %LV(\/V/ +V,, )p av -
For inertial, nondeforming control volume
[ W +V,, )0 - dA= [ Wl - dA+V,, [ oW -fi dA
For steady flow (on an instantaneous or time - average basis
L AW -fi dA=0
[WoW A da= Y F

contentof the
control volume

[areas of geometric shapes] (M5M1) > 5" (2B)
[volume] (M5M4) > 5™ (1B) (M6M3) > 6" (2B)
(MA1G5) > 9" (2F)

[vector] (MA3A10) > 11" (2H) = To be taught as
a special math topics
[dot product] = To be taught as a special math
topic
[analytic geometry] > 12" (To be taught)
[integration] > 12" (To be taught as a special
skill)

[derivative] > 12" (To be taught)

[partial derivative] > Post-secondary

[force] (S4P3) > 4" (3A) or (S8P3) - 8" (3C)
[density] (S6E5) > 6" (4A)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 41
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.2.3 Derivation of the Moment-of-Momentum Equation [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS om
D (\7 ) - . D @7 ) I [areas of geometric shapes] (M5M1) > 5" (2B) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) +
Dt VP )= Fpige T x5 Vip O )= T x Fprie [volume] (M5M4) > 5" (1B) (M6M3) > 6" (2B) [density] (S6E5) > 6™ (4A) PS
B _— . (MA1GS5) > 9" (2F)
D Fxv)pov] = PF xvipov + 7 x DWpov) [vector] (MA3A10) > 11" (2H) - To be taught as
BE Dt Dt a special math topics
r

2V V=0 %[(fo)péV]:anf

J.sys% [(f ><\7)p d\f]z Z(F X 'E)sys
Zf X &fpamcle = Z(F x lf)sys

D (rxv)pav = .. [FxV)o dv]

b
Dt s Dt
D

= Sys(r Vo dv =3 (F ).,

Y (rxF), =2l <F),

=,

Dt s
d

ot Jov

particle

<V )p dv:% (FxV)odv+ [ (FxV)oV i dA

(f ><\7)p dV + J;s (F ><\7)p\7 ﬁ dA = Z(f X 'E)comentsof the

control volume

=l

[analytic geometry] > 12" (To be taught)
[cross product] = To be taught as a special math
topic
[integration] > 12" (To be taught)
[derivative] > 12" (To be taught)

[partial derivative] > Post-secondary
[sigma notation] (M6N1) > 6" (1A) or (MA1A3)
> 9" (2E)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 42
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.2.4 Application of the Moment-of-Momentum [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS PS
Equation [areas of geometric shahpes] (M5M1) > 5% r$ZB) [force] (S4P3) > 4™ (3A) or (Sh8P3) -> 8" (3C)
O (o = Y 4 . [volume] (M5M4) > 5" (1B) (M6M3) > 6" (2B) [density] (S6E5) > 6™ (4A)
ajcv(r <V )p dv- =0 j(r V)V -A dA V =W +U (MA1GS) > 9" (2F)
N e R [vector] (MA3A10) > 11" (2H) - To be taught
,LS (FxV)oV - i dA ch (FxV )V - dA} = (CIAZ G| as a special math topics
[a ~ o [dot product] and [cross product]
> (r xF cgﬁifgﬁgfu‘f%i]axial = Torart V2l = Topan > To be taught as a special math topics
;o __ . YR . — [analytic geometry] > 12" (To be taught)
Wara = Taran® =~V M@ Wopay UZV”.m Warar = U2V [integration] > thX(To be taught as a special
Tshafl = (_ n.’]in )(i r}nvan ) + mcut (i rouIVaJuI) Wshaﬁ = shaftw i A Sklltlh)
W = (e Y rov n (+r oV [de_rlvatl\{e] 9 12" (To be taught)
o = ( m'”)(. @V ) + oy (& Gy V) [partial derivative] - Post-secondary
ro= u - Wshaft = (_ rhin )(i Uina)vbin ) + mcut (i Uoutwvﬁout)
m= n.‘]in = muut Wshaﬂ = _(i Uinvan)+ (i Uuutvbbut)
5.3 First Law of Thermodynamics — The Energy Equation [four operations] (MIN3) = 1% (2A) [density] (S6E5) > 6™ (4A) PS

N/A
5.3.1 Derivation of the Energy Equation

D%Lys ep d¥ = (ZQm ~ > Qu )syS + (ZWM - W, )Sys

D epav= Qu +W e—a+\£+ z
Dt J;ys 74 - net net o - 2 g

in in

Qnet +Wnet = Qnet +Wnet L
in in sys in in /coincident

control volume

DRtJ;ySEP d\wL:gLvep dV+J;5ep\7~ﬁ dA

[areas of geometric shapes] (M5M1) - 5" (2B)
[volume] (M5M4) > 5 (1B) (M6M3) > 6" (2B)
(MA1G5) > 9" (2F)

[analytic geometry] > 12" (To be taught)
[integration] > 12" (To be taught as a special
skill)

[derivative] > 12" (To be taught)

[partial derivative] > Post-secondary
[sigma notation] (M6N1) > 6" (1A) or (MA1A3)
> 9" (2E)

[heat] (S2P2) > 2" (3A)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 43
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.3.1 Derivation of the Energy Equation (Continued) [four operations] (MIN3) > 1% (2A) [density] (S6E5) > 6™ (4A) PS om
0 Lo . . [areas of geometric shapes] (M5M1) > 5" (2B) [heat] (S2P2) > 2™ (3A) +
Lo dvf epV fida= [Qm W [volume] (M5M4) > 5™ (1B) (M6M3) > 6" (2B) PS
, , Nt e (MA1G5) > 9" (2F)
Qu=0 = >0Q,-2Q,=0 [analytic geometry] - 12" (To be taught)
b ) ) ) [integration] > 12" (To be taught as a special
Wshafl = Tshafla) Wshaf_t = ZW isr']‘aﬂ _ZW leﬁﬂ Skl“)
S B [derivative] > 12" (To be taught)
o=—P W, masress = Fromatstress * V. [partial derivative] > Post-secondary
O, = oft AV = —pf AV = —pV - i OA [sigma notation] (M6Nlt2 > 6" (1A) or (MA1A3)
2> 9" (2E)
Wnormalstress = J‘ 0\7 A dA :I - p\7 A dA
éV\./tangentialstress = af'(angentialstress \7
0 A : - oA
aL ep dV- + j epV -fi dA= Qin:, +wsnh£fitn - j pV - i dA
Energy Equation:
0 vop V2 oA .
&J.cs ep dV + LS (u+ ; + 3 + ngpV -AdA= Qinnet +Wf],$fitn
5.3.2 Application of the Energy Equation [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS
% L o [areas of geometric shapes] (M5M1) - 5" (2B) [gravity] (S6E1) > 6™ (3A)
L e PV -NdA20 « V-Nz0 [volume] (M5M4) > 5 (1B) (M6M3) - 6" (2B) [density] (S6E5) > 6™ (4A)
) i (MA1G5) > 9‘“h (2F) [mass] (S8P3) > 8" (3A)
vop, V*® e v.op Vv° . [analytic geometry] > 12" (To be taught)
L[M p * 2 * gszv i dA= %‘;(UJ’ P * 2 * gz]m [integration] > 12" (To be taught as a special
out skill)
vop V 2
- Z(u+++ gzjm
flow P 2
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 44
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.3.2 Application of the Energy Equation (Continued) [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS om
% . v p VR . [areas of geometric shapes] (M5M1) - 5" (2B) [gravity] (S6E1) > 6™ (3A) +
L [U+p+2+ QZJPV N dA= (U+p+2+ 92] Mgy [volume] (M5M4) - 5" (1B) (M6M3) > 6" (2B) [density] (S6E5) > 6" (4A) PS
out

P

\'2 \2 2 —_— 2
m Uoul_uin"'(pJ _(p] +M*‘Q(Zom 7Zin)
P out P in 2

= Q_net +Wshaf_t

in net in

[ieh e
- u+—+7+gz m;,

v \2
h=u+ -

D o

. v v \Y) 2 *V~2 . .
M| Nout — hin + % -+ g(zout - Zin) = Qnet +Wshaft
2 in netin

nthalpy for steady throughout,one - dimensiona flow
nvolvingonly one fluid stream

= m

_v v 2 — _2 .
m Uou!—Uin+(pJ _(p] +M+g(zom -7,)|=0.

L out p in 2 in
Enthalpy for compressiwe, one - dimensiond, steady flow

v v 2 _y/2 .
m hout_hin*‘\%-" g(zout - Zin)j| :Q

net
in

(MA1G5) > 9" (2F)
[analytic geometry] > 12" (To be taught)
[integration] > 12" (To be taught as a special skill)

[mass] (S8P3) > 8" (3A)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 45
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.3.3 Comparison of the Energy Equation with the [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) o [ oM
Bernoulli Equation [areas of geometric shapes] (M5M1) > 5" (2B) [gravity] (S6E1) > 6" (3A) +
Tv v py p. VZ-VZ ) [volume] (M5M4) > 5 (1B) (M6M3) > 6" (2B) [density] (S6E5) > 6 (4A) PS
L 9(Zo = 2in) | = Qe (MA1GS) > 9" (2F) [mass] (S8P3) > 8" (3A)

n

2 2 \'2 \2
h-l_\@"— gzout :h"'\i"' gZin - uout—Uin—qnel
2 P 2 in
Qne in
qnet = .I
in m
V2 \. 2
Pout +%+ﬂcut = Pin +L;+ﬂin y=p,M - %:g
Ve V2
(pGUt +20m+7zcutj (pin +2m+7zinj
= d
P p
2 2
h"'\%*'gzom :&‘*‘\%-ngin

Uout— Uin— 0, =0  (Frictionless steady incompressible flow)

Uou— Uin— 0, >0 (Steady incompressible flow withfriction)

in

Uout— Uin— (] ¢, = lOSS
in
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 46
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)

5.3.3 Comparison of the Energy Equation with the [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8" (3A) o [ oM
Bernoulli Equation [areas of geometric shapes] (M5M1) > 5" (2B) [gravity] (S6E1) > 6" (3A) +
P, Ve Po Ve [volume] (M5M4) - 5" (1B) (M6M3) > 6" (2B) [density] (S6E5) > 6" (4A) PS

P G2y =~ -+ 2+ g2, ~ loss (MA1G5) 2 9" (2F) [mass] (S8P3) > 8™ (3A)
2 2
m|:u°“t Uin+—— Pou 7& Vout Vin + g(zout —Z ):| Qnet +Wshaft
P Y2 2 in net in
2 Vv v
P +VOUt + 02y, = p'” Va + 0Z;, + Wee —(Uout— Uin— qmj
2 Y 2 net in in
2
h Vou + 02y, = p'” Vi +gz + W, — oSS
L 2 2 net in
V2 V.2
pout + % + 7zout = pin p = + 7Z|n + p‘Nshaft —p(lOSS)
net in
2
(p"“‘ V°“‘ + 02y = P, Vio +gz + Wt —Ioss]
P 2 2 net in
%
g
2
pout out + Zout plﬂ Iﬂ + Z + WShaft — hs — h|_
V4 Zg V4 Zg net in
h _ Wshaft net in _ Wfllg?fitn _ Wzlglafitn
: g mg  Q

hT = _(hs +hL)T hp = (hs +hL)P



https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=984�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=1399�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=1408�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=347�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=40�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=33�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=39�

Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 47
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.3.4 Application of the Energy Equation to Non- [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) o [ oM
uniform Flow [areas of geometric shapes] (M5M1) > 5" (2B) [gravity] (S6E1) > 6" (3A) +
a2 a2 [volume] (M5M4) > 5 (1B) (M6M3) > 6" (2B) [density] (S6E5) > 6 (4A) PS
Ics—pv N dA=m °”2 o — '“2 - (MA1G5) > 9" (2F) [mass] (S8P3) > 8" (3A)
[integration] > 12" (To be taught as a special
MoV 2 . I (\/Z/Z)pv-ﬁ dA skill)
7:IA7pv.ﬁdA L
maV?/2 Note: The main formulas
\/ 2
Pos Colos gy P OV g oy, —loss P, Vi P L Eh
P 2 P 2 net in out = + +z,+ hL
_, 7 29 y 29
Pow | PaiVo tgz,, =Py GV UV 9z, + W, —loss|(p) is based on pre-calculus mathematics. Others used
P) 2 o 2 et in to derive this formula could be removed from
N classroom instruction.
[04
Pout + P o;t out +Zow = Pin P4 l; 2 +ﬂ|n +pNsh?ft —p(lOSS)
\/ 2
h"' aomvom + 0z = pm m g 9Ziy + Wypan — loss
% 2 Y 2 net in
4)
g
w
-2 shaft
Pout aoutvout _ & alnvln netin
Zout - + Zin + hL
4 29 y 29
5.3.5 Combination of the Energy Equation and the [four operations] (MIN3) = 1% (2A) [heat] (S2P2) > 2™ (3A) om
Moment-of-momentum Equation [temperature] (SP3) > oth (3B)
Wy — 0SS
77 _ net in
Wshaf_t
net in



https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=984�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=1399�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=1408�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=347�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=40�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=33�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=39�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=116�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=12�

Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 48
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.4 Second Law of Thermodynamics — Irreversible Flow [four operations] (MIN3) > 1% (2A) [heat] (S2P2) > 2™ (3A) PS om
voov [temperature] (SP3) > 9" (3B) +
Uz2— U1~ Qg >0 PS
5.4.1 Semi-infinitesimal Control Volume Statement of [four operations] (MIN3) = 1% (2A) [mass] (S8P3) > 8™ (3A) PS
the Energy Equation [volume] (M5M4) > 5" (1B) (M6M3) > 6" (2B) [velocity] (S8P3)-> 8" (3A)
[.v (p V2 _ v 1 _ _mMQaeWQH [heat] (S2P2) > 2™ (3A)
midu+d > +d >t 9(dz)|= R, Tds=du+pd| = [integration] > 12 (To be taught as a special [temperature] (SP3) > 9" (3B)
l " P . | eskizltlh)( N [gravity] (S6EL) = 6" (3A)
erivative 12" (To be taught
; 1 p v? s [partial derivative] = Post secondary
m{T ds+ pd[p) + d(pJ + d(zj + g(dz)} = R [sigma notation] (MBNZ) > 6" (LA) or (MALA3)
> 9" (2E)
dp V2
—+d| —|+g dz=— T ds—
Y 2 in
5.4.2 Semi-infinitesimal Control Volume Statement of [four operations] (MIN3) = 1% (2A) [heat] (S2P2) > 2™ (3A) PS
the Second Law of Thermodynamics [volume] (M5M4) - 5" (1B) (M6M3) > 6" (2B) [velocity] (S8P3)-> 8™ (3A)
mmma?WQm [density] (S6E5) > 6™ (4A)
[derivative] > 12" (To be taught) [temperature] (SP3) > 9" (3B)

D @:‘:‘9( @net @ne(
UG I b ol BV b el BV b
sys sys oV

DBtLYSSp d\vL:%LVSp d\;L+LSSp\7-ﬁdA
%Lvs,o dV+LSSp\7-ﬁ dA> Z[T'H"EIJ %Lvsp dv=0

o

Qe Lo
M(Sow — Sy ) ZT'” m ds > ZT'"

Tds>,, Tds—&, >0

[partial derivative] = Post secondary
[integration] > 12"" (To be taught)
[sigma notation] (M6N1) > 6" (1A) or (MA1A3)
> 9" (2E)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 49
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)
5.4.3 Combination of the Equations of the First and [four operations] (MIN3) > 1% (2A) [heat] (S2P2) > 2™ (3A) PS om
Second Laws of Thermodynamics [volume] (M5M4) - 5" (1B) (M6M3) > 6" (2B) [velocity] (S8P3)-> 8™ (3A) +
(MA1G5) > 9" (2F) [density] (S6E5) - 6" (4A) PS

= , -
- dp+d(vj+g dz|=0
LP 2

— 2 T
_ dp + d[vz] +9 dz | = 5(|OSS) = [T ds — éqnetj
| el ] in

2
dp+d[vj+g dz=0
Y2 2

_ , }
|, d[vj +g dz | = 5(loss) - dw,,
L L 2 i net in

du+ pd(lJ — &, = 6(loss)
» .

in

d(l] =0 - du-a,, =5(loss)
P in

Uout — Uin—(,y = loss
in

d(lJio - (Jout—ain""[ou{pd[lj—qnet_|OSS
P in Yl in

[derivative] > 12" (To be taught)
[partial derivative] = Post secondary
[integration] > 12" (To be taught)

[temperature] (SP3) > 9 (3B)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

50

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 5 Finite Control Volume Analysis (Continued)

5.4.4 Application of the Loss Form of the Energy [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) o [ oM
Equation [exponent] (MBA3) > 6™ (2A) [density] (S6E5) > 6™ (4A) +
p, V7 pl adp  Vf A [derivative] > 12" (To be taught) [pressure] (SC5) > 9" (4B) > To be taught PS
" oy TR = - To L; oy R =0 [partial derivative] > Post secondary [gravity] (S6E1) > 6™ (3A)

[integration] > 12" (To be taught)
P constant j _ K (PP ,
P k-1lp, o NOtE' The main formula
2 2
fkk &+V—2+gz——kk LR K P Yo g K PV g
-1p, 2 1p 2 k—1p, 2 k-1p, 2
is not based on calculus
5.5 Chapter Summary and Study Guide N/A N/A om
N/A

Chapter 6 Differential Analysis of Fluid Mechanics Flow (Note: This whole Chapter appears to be too deep in calculus-based mathematics. Actually, some
professors in undergraduate engineering programs cut the whole Chapter off when teaching Fluid Mechanics course. Therefore, engineering analytic principles and skills from this Chapter
are NOT analyzed for the eventual inclusion into a potentially viable K-12 engineering curriculum. The subheadings of Sections are still listed below for reference purposes).

6.1 Fluid Mechanics Element Kinematics

6.3.2 Equations of Motion

6.5.3 Vortex

6.8.2 The Navier-Stokes Equations PS

6.1.1 Velocity and Acceleration Fields Revisited

6.4 Inviscid Flow

6.5.4 Doublet

6.9 Some Simple Solutions for Viscous,
Incompressible Fluids

6.1.2 Linear Motion and Deformation

6.4.1 Euler’s Equations of Motion

6.6 Superposition of Basic, Plane Potential Flows

6.9.1 Steady, Laminar Flow between Fixed Parallel
Plates

6.1.3 Angular Motion and Deformation

6.4.2 The Bernoulli Equation

6.6.1 Source in a Uniform Stream — Half-Body

6.9.2 Couette Flow

6.2 Conservation of mass

6.4.3 Irrotational Flow

6.6.2 Rankine Ovals

6.9.3 Steady, Laminar Flow in Circular Tubes

6.2.1 Differential Survey Form of Continuity
Equation

6.4.4 The Bernoulli Equation for Irrotational Flow

6.6.3 Flow around a Circular Cylinder

6.9.4 Steady, Axial, Laminar Flow in an Annulus

6.2.2 Cylindrical Polar Coordinates

6.4.5 The Velocity Potential

6.7 Other Aspects of Potential Flow Analysis

6.10 Other Aspects of Differential Analysis

6.2.3 The Stream Function

6.5 Some Basic, Plane Potential Flows

6.8 Viscous Flow

6.10.1 Numerical Methods

6.3 Conservation of Linear Momentum

6.5.1 Uniform Flow

6.8.1 Stress-Deformation Relationships

Chapter Summary and Study Guide

6.3.1 Description of Forces Acting on the
Differential Element

6.5.2 Source and Sink



https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=1412�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=40�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=39�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=19�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=33�

Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 51
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch

Chapter 7 Similitude, Dimensional Analysis, and Modeling (Note: This whole Chapter appears to be mildly deep in calculus-based mathematics. However, the
type of “abstract thinking” required to understand and to apply the content knowledge contained in this Chapter appears to be most likely beyond the cognitive developmental maturity

level of high school students. Therefore, engineering analytic principles and skills from this Chapter are NOT analyzed for the eventual inclusion into a potentially viable K-12 engineering
curriculum. The subheadings of Sections are still listed before for reference purposes). Some appropriate skills in 7.1 (Dimensional Analysis) could be considered for high schools.

7.1 Dimensional Analysis 7.4.3 Uniqueness of Pi Terms 7.8 Modeling and Similitude 7.9.2 Flow around Immersed Bodies PS
7.2 Buckingham Pi Theorem 7.5 Determination of Pi Terms by Inspection 7.8.1 Theory of Models 7.9.3 Flow with a Free Surface
7.3 Determination of Pi Terms 7.6 Common Dimensionless Groups in Fluid 7.8.2 Model Space 7.10 Similitude Based on Governing Differential

Mechanics

Equations

7.4 Some Additional Comments about Dimensional
Analysis

7.7 Correlation of Experimental Data

7.8.3 Practical Aspects of Using Models

7.11 Chapter Summary and Study Guide

7.4.1 Selection of Variables

7.7.1 Problems with One Pi Term

7.9 Some Typical Model Studies

7.4.2 Determination of Reference Dimensions

7.7.2 Problems with Two or More Pi Term

7.9.1 Flow through Closed Conduits

Chapter 8 Viscous Flow in Pipes

8.1 General Characteristics of Pipe Flow [four operations] (MIN3) = 1% (2A) [mass] (S8P3) > 8™ (3A) PS | 9"
8.1.1 Laminar of Turbulent Flow [coordinate system] (M4G3) > 4" (2B) [density] (S6E5) > 6™ (4A) +
VD [exponent] (MBA3) > 6™ (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) PS
Re= = th
u [pressure] (SC5) - 9™ (4B) - To be taught

8.1.2 Entrance Region and Fully Developed Flow

Be =0.06 Re (for turbulent flow)

o~

e = 4.4(Re)"®(for turbulent flow)

10* < Re <10°

[velocity] (S8P3)-> 8™ (3A)
[momentum] (SP3) = (3B)

8.1.3 Pressure and Shear Stress
0 Al
Vp=p,—p, &p:_7p<0

[four operations] (M1IN3) > 1% (2A)
[partial derivative] = Post-secondary

[pressure] (SC5) = 9™ (4B) > To be taught PS
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 52
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 8 Viscous Flow in Pipes (Continued)
8.2 Fully Developed Laminar Flow [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [PS [ 9™
8.2.1 From F = ma Applied Directly to a Fluid [coordinate system] [acceleration] (S8P3) = 8th (3C) +
Mechanics Element [trigonometric functions] (MA2G2) > 10" (2F) [pressure] (SC5) > 9" (4B) > To be taught PS

N\ S U=
F=ma E:O V'VV:U&lzo pzzpl_Ap

w

(p)ar? —(p, — Ap)ar? —(r)2art =0 : -

Ap_2¢ 27,1
14
Ap=4£rw r=—,u@ du——(Aer J'du=—2ATerdr

D dr dr ﬂ
(i) wo-( [ (o 2)
u(r):xljlzl_[gjz}

Q :.[u dA:Ir:JRU(F)Zm dr=27 VCLRIZl—[;T:Ir dr

RV Q Q ARV, V. ApD?
Q=Y y R_Q y MV, Yo

2 A R 27R 2 32ul
QAP Ap-yising _2r ., _(Ap-yising)D*

128u¢ [ r 32ul
o Flap—ysing)D*

128

[dot product]

-> To be taught as a special math topic
[integration] > 12" (To be taught)
[derivative] > 12" (To be taught)

[partial derivative] > Post-secondary

[gradient] = Post-secondary

[velocity] (S8P3)-> 8™ (3A)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 53
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 8 Viscous Flow in Pipes (Continued)
8.2.2 From the Navier-Stokes Equations [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS | 9"
B N - Vp - [trigonometric functions] (MA2G2) > 10" (2F) [pressure] (SC5) > 9™ (4B) > To be taught +
WV =0 = #V-W=—""+g +WAV [exponent] (MBA3) > 6" (2A) [density] (S6E5) > 6" (4A) PS
; - i ~ [dot product] [gravity] (S6E1) > 6" (3A)
g=-gk V-V=0 Vp+pgk=puVV - To be taught as a special math topic
ap . 18( éu [vector] (MA3A10) > 11" (2H) - To be taught as
&*’pgs'”e:“?g[rg) a special math topics
[partial derivative] = Post-secondary
[gradient: “del”] - Post-secondary
8.2.3 From Dimensional Analysis [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | PS
DAp (¢ AN [exponent] (M6A3) > 61 (2A) [velocity] (S8P3)-> 8™ (3A)
Ap=FWV.6.D.) === ¢(5j ¢(5) =5 C=constant [pressure] (SC5) > 9" (48) > To be taught
. [density] (SBE5) > 6™ (4A)
Dap _Cfap =% Q=AvV =M Note: Special topics from 7.1 (Dimensional
w D ¢ D g Analysis) need to be taught
pp =324V _Ap _(SZMV/DZ)_M[;J](ZJ_M(ZJ
D? 1pvz 1pvz oDAD) RelD
2 2
2 2
Ap= LV f :Ap(E)[/’V j f _64 f= 8Twz
D 2 )N 2 Re kY,
8.2.4 Energy Considerations [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught om
D,V D, V? (pl j [ D, j [trigonometric functions] (MA2G2) > 10" (2F) [gravity] (S6E1) > 6" (3A)
“+a 47, ="*+a,*=+7,+h, | 2+z |-|—=+z |=h
7 29 7 29 7 7
p,=p,+Ap Z,—2,=0sind
h, = 2t h, = 4z,
" D
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 54
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 8 Viscous Flow in Pipes (Continued)
8.3 Fully Developed Turbulent Flow [coordinate system] (M4G3) > 4™ (2B) [velocity] (S8P3)-> 8™ (3A) S
N/A [analytic geometry] > 12" (To be taught) [density] (S6E5) > 6™ (4A) +
8.3.1 Transition from Laminar to Turbulent Flow [logarithmic functions] (MA2A5) > 10" (2E) (To PS
N/A be taught as a special skill)
8.3.2 Turbulent Shear Stress [integration] > 12" (To be taught as a special
1 e I skill)
u :?J;, u(x,y,ztldt u=T+u u'=u-0 [derivative] > 12" (To be taught)
7'_1 to+T - _i to+T - to+T _1 S
U= L (u u)dth (L u dt uL dtjfT (Ta-To)=0
v 1T
(U —?J:O (u)dt>0
1 et , 1/2
W ?L (u) dt
Turbulenceintensity = +~—— = —
a
T= a T# d—U H:U(y) T= d—U— UV =7, +7
H dy H dy H dy P lam turb
2
du , |dT L du
—pn— p=pl’l— =02 | =2
turb 77 dy 77 ,0 m dy Tturb p m(dy)
8.3.3 Turbulent Velocity Profile [four operations] (MIN3) = 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS
T oyu* N yu* [coordinate system] (M4G3) > 4" (2B)
—="— Yy=R-r u*= (WJ —= 2.5In(—j +5.0 [logarithmic functions] (MA2A5) > 10" (2E)
urov P u v [analytic geometry] - 12" (To be taught)
_ _ 1/n
V=) o510 R —:(l—ij
u* y) V. R
8.3.4 Turbulent Modeling
N/A
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 55
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) - Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 8 Viscous Flow in Pipes (Continued)
8.3.5 Chaos and Turbulence N/A N/A N/A PS om
8.4 Dimensional Analysis of Pipe Flow [four operations] (MIN3) > 1% (2A) Note: Special topics from 7.1 (Dimensional on +
B =N ror D minor Analysis) need to be taught PS
8.4.1 Major Losses [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)> 8™ (3A) on
A =N ior + L miner Ap=F(V,D,l,& u1p) [areas of geometric shapeﬁz circle, triangle] [pressure] (SC5) ? 9" (4B) > To be tatht
_ (M5M1) = 5" (2B) [force] (S4P3) > 4" (3A) or (S8P3) > 8" (3C)
- (&%%J Re=2'D AP =é¢(Re,%) (M5M1) > 5" (2B) [gravity] (SBEL) > 67 (3A)
> ek H H > N2 [logarithmic functions] (MA2A5) = 10" (2E) (To [density] (S6E5) > 6" (4A)

2
f:¢(Re,£) &+alv—1+21:&+azv—2+zz+hL
D) 7 e 29

/V? 0 V2
L major = fBE Pi— P, :7(22721)+]/hL :7(22 7zl)+ f sz
1 g/D 251
=-2.0lo +
NG g[ 3.7 Reﬁ}
8.4.2 Minor Losses
P Ap 1 v?
K:Lmlnor: A=K7V2 h ) -k
L VZ/ZQ 1 NE p sz L minor L2g
2,0
V2 £, V2 K D
K, =¢(geometry,Re) h, . =K —=f-32_— M
L ¢(g y ) L minor L Zg D zg eq f
AV =AV; pA-PA = pA3V3(V3 _V1)
2 2 2
&+V#:&+V—3+hL K. = ZhL KLZ(l—Ai]
y 20 7y 2 V?/2g A,

\.2
Cp = (pz - p1{p21 J

be taught as a special skill)
[exponent] (M6A3) > 6" (2A)
[square root] (M8N1) > 8" (2A)

[graph] (S7CS6) > 7" (6)

Note: Special topics from 7.1 (Dimensional
Analysis) need to be taught
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WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 8 Viscous Flow in Pipes (Continued)
8.4.3 Noncircular Conduits [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) o [ oM
(_C VD, 4A _ 4(zD?/) [exponent] (M6A3) > 61 (2A) [gravity] (S6E1) > 6™ (3A) +
“Re, Re, = W D, = P D D [areas of geometric shapes] (M5M1) > 5 (2B) [density] (S6E5) > 6 (4A) PS
2
NAU-NY
29
8.5 Pipe Flow Examples
N/A
8.5.1 Single Pipes
N/A
8.5.2 Multiple Pipe Systems
N/A
8.6 Pipe Flowrate Measurement [four operations] (MIN3) = 1% (2A) [velocity] (S8P3)-> 8™ (3A) om
8.6.1 Pipe Flowrate Meters [exponent] (MBA3) > 6" (2A) [pressure] (SC5) > 9™ (4B) > To be taught
2(p,— p,) [square root] (M8N1) > 8" (2A) i [gravity] (S6E1) > 6‘: (3A)
Qisear = ANV2 = Ay =g Q=AV,=AV, [areas of geometric shapes] (M5M1) > 5" (2B) [density] (S6E5) > 6™ (4A)
A _P; A _ _ Z(pl_ pz)
v +29 = y +2g +hL Q_COQideaI —Cvo m
p-d peAD \, _Q
D u A
_ _ 2(p,~p,) 5_ _ 2(p, - p,)
Q CnQideaI CnA1 ;(m Q CindeaI CVAT m
8.6.2 Volume Flow Meters
N/A
8.7 Chapter Summary and Study Guide N/A N/A oM
N/A
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 57
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 9 Flow over Immersed Bodies
9.1 General External Flow Characteristics [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [ 9™ [ 9™
9.1.1 Lift and Drag Concepts [areas of geometric shapes] (M5M1) - 5" (2B) +
dF, = (p dA)cos6 + (Tw dA)sinG} [trigonometric fugctions] (MA2G2) > 10" (2F) PS
B [integration] > 12" (To be taught as a special skill)
dF, = ~(p dAfn6 + (¢, dA)coso [derivative] > 12" (To be taught)
I5:J'de :Jp cosedA+IrW sing dA _
- Note: The main formulas
L=J'dFy=—J‘p sin0dA+J‘rW cosd dA |: 5
C L C D CL - 1 2 CD B 2
L= o= —pU°A —pU°A
I A LA 2P P
2 2
are not based on calculus
9.1.2 Characteristics of Flow Past an Object N/A [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | 9"
N/A [Reynolds Number] = To be taught as special
topic
9.2 Boundary Layer Characteristics [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)> 8™ (3A) PS
N/A [exponent] (MB6A3) > 6" (2A) [density] (S6E5) > 6 (4A)
9.2.1 Boundary Layer structure and Thickness on a Flat [areas of geometric shapes] (M5M1) = 5" (2B)
Plate [integration] > 12" (To be taught as a special
o u skill)
5*bU =j0“(u ~u)o dy o*:jo [1—Ujdy
_[pu(U -u) dA:pr:ﬁ(U —u)dy pbU’O= J:EJ(U —u)dy
o U u
6=| —|1-—d
[5(-g )
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

58

Engineering Subject: Fluid

u y
u—>U as —=g|=
N yoo U g(éj

¥=(VxU)*t(n) f="f()

_a\I‘ __ai\y ~ I ~ El/z .
U_E V=T u=Uf'(n) V_(4x) (1)

2f"—ff"'=0 f=f'=0 at =0
f=f=0 at =0 and f'->1 as oo
d_ o* 1721 © _0.664

5
CRe. X Re, x|Re,

7, =0.3320%2 /p—x“

0=5|—

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 9 Flow over Immersed Bodies (Continued)

9.2.2 Prandtl/Blasius Boundary Layer Solution [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS | 9"
ou eu 1ép [ou [exponent] (M6A3) > 61 (2A) [density] (S6E5) > 6" (4A) +
Ut V@ =t V[axz + ayzj [square root] (M8N1) > 8" (2A) [gravity] (S6E1) > 6" (3A) PS

L [functions] (MA1A1) > 9" (2E) and others >

GV 1 5p+v(62v 0 V] Post-secondary

X ay p OX [partial derivative] - Post-secondary

[3rd order non-linear differential equation]
ou ov Vst ou  ov -> Post-secondary
&_'_7 :0 i <<E —> 67 @ 0
2 ox oy
2

ua—u va—uz —lzj u=v=0 on y=0

ox oy oy
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 59
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 9 Flow over Immersed Bodies (Continued)
9.2.3 Momentum Integral boundary Layer Equation for [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS om
a Flat Plate [exponent] (MBA3) > 6™ (2A) [density] (S6E5) > 6™ (4A) +
ZFX :PL)UV A dA+ p.f(z)u\7 i dA [dot product] > To lig;ziacught as a special math [gravity] (S6E1) > 6™ (3A) PS

ZFX :_D:_J.plate TW dA:_J.plate TW dX
~D=p[ U(-U) da+p] u*dA Ijszzbh—pr:uz dy

Uh:J‘:u dy pUzbh:pr':Uu dy I5:pbj':u(u —u)dy

S pute @ pped0 B do
D=pbU‘© a—pr i dx—brw 7, =pY i
B =pb[ uU ~u)dy = pbU 5[ g(¥ 1 - o(¥ )laY
D=pbU, C,=[g(v)L- ()Y

ou _MJ dg
oy 5 dy

M o

T, = =
w=H S 2 Y27 4y

y=0 Y=0

2C,/C
sds=tCo gy 5o [2VCX 5 _+2C/C

pUC, Uuc, «x +Re,
7, = /C1C2U3/2 PH c, = Tw
2 X lpuz
2

J2c.c 0.664
¢, =42C,C, /ﬁ: Rle 2 ¢, = —

[square root] (M8N1) > 8" (2A)
[sigma notation] (M6N1) > 6" (1A) or (MA1A3)
> 9" (2E)
[integration] > 12 (To be taught as a special
skill)
[partial derivative] - Post-secondary
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 60
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 9 Flow over Immersed Bodies (Continued)
9.2.3 Momentum Integral boundary Layer Equation for [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS om
a Flat Plate (Continued) [exponent] (MBA3) > 6™ (2A) [density] (S6E5) > 6™ (4A) +
[dot product] = To be taught as a special math [gravity] (S6E1) > 6™ (3A) PS
. ! topic
Cy = D; _ b.[o 7w X C,, :EI”Cde C,, :V8C1C2 . [squ_are root] (M8N1) > 8" (2A)
lpuzbé lpuzbé £ JRe, [sigma notation] (M6N1) > 6" (1A) or (MA1A3)
th
2 2 - 9" (2E)
1.328 [integration] > 12t (To be taught as a special
Cor = JRe. skill)
R _ [partial derivative] - Post-secondary
9.2.4 Transition from Laminar to Turbulent Flow
N/A
9.2.5 Turbulent Boundary Layer Flow
N/A
9.2.6 Effects of Pressure Gradient
N/A
9.2.7 Momentum Integral Boundary Layer Equation [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS
with Nonzero Pressure Gradient [exponent] (M6A3) > 61 (2A) [density] (S6E5) > 6™ (4A)
dp_ ) du, - pi(U f59)+p5*U ) du, [partial derivative] = Post-secondary
dx dx dx dx
U =U =constant
9.3 Drag [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | 9™
B [areas of geometric shapes] (M5M1) - 5" (2B) [density] (S6E5) > 6 (4A)
C, = 1 C, = ¢(shape, Re, Ma, Fr, /)
2
9.3.1 Friction Drag [four operations] (M1IN3) = 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | 9™
-1, [areas of geometric shapes] (M5M1) = 5" (2B) [density] (S6E5) > 6" (4A)
Dy :EPU beCyy
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 61
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 9 Flow over Immersed Bodies (Continued)
9.3.2 Pressure Drag [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [ 9™ [ 9™
D - J‘ pc0s6 dA [areas of geometric shapes] (M5M1) - 5" (2B) [density] (S6E5) > 6" (4A) +
’ [integration] > 12"" (To be taught as a special skill) PS
D jpcostA ijcosedA
Cop =7 = 1 - A
ZpUZA S pU%A
27 Pl
D=fU,fu) D=CwU C,= b __ Zc“flﬁ _x
1 242 pUL Re
EpU
9.3.3 Drag Coefficient Data and Examples
9.4 Lift [four operations] (M1IN3) = 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | 9™
9.4.1 Surface Pressure Distribution [areas of geometric shapes] (M5M1) > 5" (2B) [density] (S6E5) > 6 (4A)
C = Lt C, = ¢(shape, Re, Ma, Fr, £/¢)
Lua
5P
9.4.2 Circulation
N/A
9.5 Chapter Summary and Study Guide N/A N/A oM
N/A
Chapter 10 Open Channel Flow
10.1 General Characteristics of Open-Channel Flow [four operations] (M1N3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) o [ of
Re=pVR, /u Fr=V/(gt) [exponent] (M6A3) > 6" (2A) [gravity] (S6E1) > 6™ (3A) +
[trigonometric functions] (MA2G2) > 10" (2F) PS
[ellipse] (MA2G4) > 10" (2F) - To be taught
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 62
WFED 7650-Applied Project in Workforce Education

Professors: Dr. Robert Wicklein & John Mativo

Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 10 Open Channel Flow (Continued)
10.2 Surface Waves [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8" (3A) o [ oM
10.2.1 Wave Speed [square root] (M8N1) > 8" (2A) [speed] (S2P3) > 2™ (3A) +
[trigonometric functions] (MA2G2) > 10" (2F) [gravity] (S6E1) > 6™ (3A) PS
—eyb=(—c+V)y+ ) [derivative] > 12" (To be taught)
ey N
%
N
K<<y —> C=y—
&

1 1
EWZb—EJ’(Y‘F@’)szprY[(C—év)—C]
£ _MaA=rV+ &b Yok =r(y+§) D
' 2 ? 2

VZ
— + y =constant
29

oV
N +@:0
¥ y oV +V =0

1/2
%«1 - Cz@(l+§yy)



https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=1249�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=262�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=40�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=145�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=33�

Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 63
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 10 Open Channel Flow (Continued)
10.2.1 Wave Speed (Continued) [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8" (3A) o [ oM
2 square root] (M8N1) > 8" (2A speed] (S2P3) > 2" (3A +
94 27y gl
c ={2 tanh(/lﬂ y>14 - c=, /= [trigonometric functions] (MA2G2) > 10" (2F) [gravity] (S6E1) > 6™ (3A) PS
& i [analytic geometry: hyperbolic tangent] Post-
2ny y secondary - To be taught
tanh[ 1 j_ﬂ a oo [derivative] > 12" (To be taught)
tanh(z—”yj - 2y as Y50
A A A
10.2.2 Froude Number Effects N/A [velocity] (S8P3)-> 8™ (3A) om
N/A [speed] (S2P3) > 2" (3A)
10.3 Energy Considerations [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) om
[exponent] (M6A3) > 61 (2A) [gravity] (S6E1) > 6" (3A)

P2 !

2
&+V#+21=—+V—2+22+hL gzy1 -
r 29

7 29

[potential energy] (SP3) > 9" (3A)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 64
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 10 Open Channel Flow (Continued)
10.3.1 Specific Energy [four operations] (M1N3) - 1% (2A) [energy] (SP3) > 9" (3B) " | o"
_oy? - ~ q [derivative] > 12" (To be taught) [gravity] (S6E1) > 6™ (3A) +
E-yros BB+ -S) E-y+g [velocity] (S8P3)> 8" (3A) PS
2 2 1/3
d£:1_q73:0 yc_{q] Emin:3yc
dy ay g 2
3/2 112
Ve =yi _(g™) yg ):\/gyc Fr=V./(oy.)" =1
10.3.2 Channel Depth Variations [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)> 8™ (3A) PS
dH dz [derivative] > 12" (To be taught) [gravity] (S6E1) > 6™ (3A)
H,=H,+h, —=S, —=§5,
dx dx
dH d(V? Vdv dy dz
—=— | —tytz|=—— = +—
dx dx\2g g dx dx dx
m:!dl+ﬂ o !dl+dl: f_SO
dx g dx dx g dx dx
&V __ady_ Vdy Vadv_Vidy _.dy
dx y’dx ydx gdx gydx dx
dy (Sf _So)
Fr=V/(gy)? ==
T )
10.4 Uniform Depth Channel Flow [areas of geometric shapes] (M5M1) > 5™ (2B) [velocity] (S8P3) > 8™ (3A) om
10.4.1 Uniform Flow Approximations [perimeter] (M3M3) (M3M4) > 3 (2B) [stress] = To be taught
N/A
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 65
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 10 Open Channel Flow (Continued)
10.4.2 The Chezy and Manning Equations [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught ofh om
SF, =W, -V,)=0 F,—F,-z,Pr+Wsing=0 YF, =0 [exponent] (M6A3) > 6 (2A) [velocity] (S8P3)-> 8" (3A) +
L - [areas of geometric shapes] (M5M1) > 5 (2B) PS
_Wsing _Ws, _IALS, _ [trigonometric functions] (MA2G2) > 10" (2F)
Ty = - 2-w }/RhSO
v P/ P/ Pl
sind=tand =S5, V? v?
=Kp— Kp—=RS, —
5, <<1 N Tw £ > P 5 RS,
W = A/ V =CyR:S,
R, = A/P V- halssé/z
n
v :EARthé/z Q ZEARﬁBSé/Z
n n
10.4.3 Uniform Depth Examples
N/A
10.5 Gradually Varied Flow
N/A
10.5.1 Classification of Surface Shapes
N/A
10.5.2 Examples of Gradually Varied Flows
N/A
10.6 Rapidly Varied Flow [four operations] (M1IN3) = 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | 9™
N/A [exponent] (MB6A3) > 6" (2A) [velocity] (S8P3)-> 8" (3A)
[square root] (M8N1) = 8" (2A) [gravity] (S6E1) > 6" (3A)
[pressure] (SC5) > 9" (4B) > To be taught
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 66
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 10 Open Channel Flow (Continued)
10.6.1 The Hydraulic Jump [four operations] (MIN3) > 1% (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [ 9™ [ 9™
F,—F, = p)Q(v, -V,) = pV,y,b(v, -V,) [exponent] (MBA3) > 6" (2A) [velocity] (S8P3)-> 8" (3A) +
2 [square root] (M8N1) > 8" (2A) [gravity] (S6E1) > 6" (3A) PS
F=p,A=22 p, =2 . [pressure] (SC5) = 9" (4B) > To be taught
2 2 N L_ﬁ_vlyl(v —V)
b W 2 2 g "7
F, = pA = 22 p01:72
V2 V2

yibV; = y,bV, =Q y1+$: Y2 +£+hL

2 2y vV V.2
L_L: 1y1[1y1_vlj— 1y1(y1_y2)

2 2 g Y2 ay,
V,
2 Fr, = /71
[sz + (YzJ —2Fr2=0 9 -
o\h Y2 ( 11,/1+8Frf)
Y1

2 2
ﬁ:%(—1+,/1+8Frf) mzl—yu:ﬁ[l_(ylj 1
Y1

Y1



https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=1412�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=1249�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=146�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=40�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=40�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=33�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=19�

Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 67
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 10 Open Channel Flow (Continued)
10.6.2 Sharp-Crested Weirs [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) o [ oM
D, V2 U2 V.2 [exponent] (M6A3) > 61 (2A) [gravity] (S6E1) > 6" (3A) +
*A+24+ z,=(H+P, - h)+2*2 u, = ZQ(h +21j [square root] (M8N1) > 8" (2A) PS
g g g [trigonometric functions] (MA2G2) > 10" (2F)
Q- (Z)Uz dA= .Lh: u,? dh [integration] > 12" (To be taught as a special skill)
" v2 ) Nore: The main formulas are not based on calculus.
- - e
/=b — Q_@bjo [h+2gj dh
’ NE 3/2 V2 3/2 PW >>H
==y2gb|H+X| -|X 2
Q=32 K ZgJ (29} ] ALUPSITY
29
2 3/2 2 3/2 H
Q= E@H Q=cC,, gﬁbH C,, =0.611+ 0.075[Pj
AN 8 0
£=2(H-h)tan| = | 2-<<H =—tan| = |\/2gH®"?
(- 5] Socert > Q= Zun(% )7
8 o
=C,, —tan| = |/2gH*?
Q-Cuppen( 3 28
10.6.3 Broad-Crested Weirs [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) om
V2 V2 (v2-v?) v? [exponent] (M6A3) > 61 (2A) [gravity] (S6E1) > 6" (3A)
H+P, +E: Ye + Py +£ H-y. T2 29 [square root] (M8N1) > 8" (2A)
V. =V = 1/2
=Ve=lov )L oy e o 2H
VS =gy, 2 3
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 68
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 10 Open Channel Flow (Continued)
10.6.3 Broad-Crested Weirs (Continued) [four operations] (MIN3) éh 1 (2A) [velocity] (S8P3)> 8“; (3A) o [ oM
1l : 1
Q=hy,V, =byV, =by, (gy, Y2 _h gyt o [exponent] (M6A3) > 6 (2A) [gravity] (S6E1) = 6 (3A) +
e (o) \/73,2 [square root] (M8N1) > 8" (2A) PS
Q _ b\/a(%] H 3/2 Q :Cwbb\/a(gj H 3/2
_ 0.65
" W+ H/P, )
10.6.4 Underflow Gates [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) om
q=C,a\20y, [exponent] (M6A3) > 61 (2A) [gravity] (S6E1) > 6" (3A)
[square root] (M8N1) > 8" (2A)
10.7 Chapter Summary and Study Guide N/A N/A gm
N/A
Chapter 11 Compressible Flow
11.1 Ideal Gas Relationships [four operations] (MIN3) > 1% (2A) [Ideal Gas Law] - Post-secondary - to be taught | PS om
. [volume] (M5M4) - 5" (1B) (M6M3) > 6" (2B) [heat] (S2P2) > 2™ (3A) +
du=c,dT (MA1G5) > 9" (2F) [temperature] (SP3) > 9" (3B) PS

A 66 dv
=R R= c =|—| =—
P MgaS Y {[ﬂ'] d

lv,lz—lvh: ZCV dT V:i GZ—Ul—CV(Tz Tl)
: P
h=us P u=u(r) P=RrT h=h(r) ¢, = 20| 40
p p or | ~ar
p

dh=c,dT ﬁz—r?l:j::cp dT ho—hy=c, (T, ~-T,) h=u+RT

[functions] (MA1A1) > 9" (2E) and others >
Post-secondary
[integration] > 12" (To be taught as a special
skill)
[partial derivative] - Post-secondary

[density] (S6E5) > 6" (4A)
[pressure] (SC5) > 9™ (4B) > To be taught
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 69
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)
11.1 Ideal Gas Relationships (Continued) [four operations] (MIN3) > 1% (2A) [Ideal Gas Law] - Post-secondary - to be taught | PS om
o ah o di c [volume] (M5M4) > 5 (1B) (M6M3) -> 6" (2B) [heat] (S2P2) > 2™ (3A) +
dh=du+rrRdT 2-%Y, R c,-¢, =R k=-" (MA1G5) > 9" (2F) [temperature] (SP3) > 9" (3B) PS
T dT c, [functions] (MA1A1) > 9" (2E) and others > [density] (S6E5) > 6" (4A)
Rk R v 1 Post-secondary [pressure] (SC5) = 9" (4B) > To be taught
Cp = C, = Tds=du+ pdl — [integration] = 12" (To be taught as a special
k-1 k-1 P skill)
dh=du+ od Elj + [l]dp Tds=dh [ljdp [partial derivative] = Post-secondary
p) \p p
ds:cvdT+Rd(lJ ds:cpd—T—R dp
T Yp \p T p
S,—S, =C, InL+RIn& S, —8 =¢, InL+RIn&
T, P 1 P,
11.2 Mach Number and Speed of Sound [four operations] (M1N3) > 1 (2,hA) [speed of sound] (hSPSQ) > 9™ (3B) PS
Vv 3 [areas of geometric shapes] (M5M1) - 5™ (2B) [pressure] (SC5) > 9™ (4B) > To be taught
Ma =" pAc=(p+dpfc-ov) [exponent] (M6A3) > 6 (2A) [density] (SGE5) > 6 (4A)
1 H t
e = pe—pd +csp—(5p)V) p N =c dp [square root] (M8N1) = 8™ (2A) [velocity] (S8P3)—> 8™ (3A)

—cpeA+(c—oV Mo+ p)c— oV )A = pA-(p+p)A

op

2 YA
P LoV +9 & = 5(loss) §+w—c—=0
0 2 Y2 2 2

—cpeA+(c— oV )pAc = —pA pé\/:@ =P o ?
c 0

péV:@
c

[partial derivative] = Post-secondary
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 70
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)
11.2 Mach Number and Speed of Sound (Continued) [four operations] (MIN3) > 1% (2A) [Ideal Gas Law] - Post-secondary - to be taught | PS om
& [volume] (M5M4) > 5" (1B) (M6M3) > 6" (2B) [heat] (S2P2) > 2™ (3A) +
c= > oo op . (constant)(pk) (MA1G5) > 9" (2F) [temperature] (SP3) > 9" (3B) PS
P op [functions] (MALAL) > 9" (2E) and others > [density] (S6E5) > 6™ (4A)
H—>p—->0 ) Post-secondary [pressure] (SC5) = 9" (4B) > To be taught
op p D [integration] > 12" (To be taught as a special
[J = (constant)kp** = ——kp"* ==k =RTk ¢ =+RTk skill)
o) p p [partial derivative] > Post-secondary
Ev = i = p(apj Cc= \/E
do/p " \dp), p
11.3 Categories of Compressible Flow [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8" (3A) om
f=(t-t ) sina=C < 1 [trigonometric functions] (MA2G2) > 10" (2F) [speed of sound] (SPS9) > 9" (3B)
wave V Ma
11.4 Isentropic Flow of an Ideal Gas [four operations] (MIN3) = 1% (2A) [pressure] (SC5) = 9™ (4B) > To be taught PS
11.4.1 Effect of Variations in Flow Cross-Sectional [areas of geometric shapes] (M5M1) = 5" (2B) [velocity] (S8P3) > 8" (3A)
Areas [exponent] (MBA3) > 6" (2A) [density] (S6E5) > 6™ (4A)

. 1 dp dv
m= pAV = constant dp+=p d(V?)+y dz=0 =——
P p 2/0 (V ) Ve g v
Inp+InA+InV = constant d—'0+%+d—v=0
P
LV _dp dA
V. p A dp v? dA
- 1- =—
dp _ dv pV32 dp/dp A

pV?2 \

[partial derivatives] - Post-secondary
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 1
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)
11.4.1 Effect of Variations in Flow Cross-Sectional [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught PS om
Areas (Continued) [areas of geometric shapes] (M5M1) > 5 (2B) [velocity] (S8P3) > 81 (3A) +
o [exponent] (MBA3) > 6 (2A) [density] (S6E5) - 6" (4A) PS
c= [6) [partial derivatives] > Post-secondary
PJs
Ma =" 5 % fhmar)-
c oV A
dp ([ V® )_dA
pV?2 dp/dp A
dp _ dv
YA LV _dA 1
N 2
de (l—Maz)—d Y A (1-Ma
oV
2
dp:% Ma : dA:—é(l—Maz)
o Af{l-Ma®) dv \%
11.4.2 Converging-Diverging Duct Flow [four operations] (M1IN3) = 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught om
0 p, dp (V2 Y% dp V2 [exponent] (M6A3) > 6" (2A) [density] (S6E5) > 6 (4A)
i =constant=-"- —=+d| —-)=0 DE +d 2] =0 [square root] (M8N1) > 8" (2A) [velocity] (S8P3) > 8" (3A)
P Po P Po (P [Ideal Gas Law] = Post-secondary - to be taught
2 2
K [Po_P _Lzo k—R(TO —T)—V—=O
k-1lp, p 2 k-1 2
V 2
(T, -T)-—=0 VEORRVE:
c, ’ 2 - ho—(h+vzj—0
h2—h =Cp(T2 _T1)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 72
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)
11.4.2 Converging-Diverging Duct Flow (Continued) [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught o [ oM
T 1 oY) T (p D [exponent] (M6A3) > 61 (2A) [density] (S6E5) > 6" (4A) +
—2{ Iﬂ [}[] [square root] (M8N1) > 8" (2A) [velocity] (S8P3) > 81 (3A) PS
To 1+ [(k _1)/2]Ma Po To Po To

1
" 1+ [(k-1)/2]Ma? b 1 ki(c-1)
” ‘{u[( /2] }

i l k/(k-1) P, K _1)
T

~1)/2]ma?

—1‘—|

o

VR
;U\'c

o—'\—i
o
+
_
7?
cH

/N

Zlo

N—

D P

N—
]

|
{

P _
Po {1+ k- 1/2]Ma}
Po _
p o |1+[k- 1/2
* k/(k-1)
o [ 2 ) (p] =0.528 p*._,, =0528p,,
Po k+1 Po )y 14
* *
L:L (T] =0.833 T*_,, =0.833T,,
T, k+1 (T, ),

[Ideal Gas Law] = Post-secondary - to be taught
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 73
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)

11.4.2 Converging-Diverging Duct Flow (Continued) [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught o [ oM
Ma=1 [exponent] (MBA3) > 6" (2A) [density] (S6E5) > 6 (4A) +
D= oRT [square root] (M8N1) > 8" (2A) [velocity] (S8P3) > 81 (3A) PS

Kik-1) [Ideal Gas Law] - Post-secondary - to be taught
i)
=|— -
Po k+1
T 2
T, k+1

G NN
Po T*N\ p, k+1 2 k+1
(p] - 0.634

Po k=14

PAV = p* A*V *

AT
A* Malp, N\ p )V T/Ty

A _(p*YV*) VF=VRT*k
( j( jv:MaJﬁ
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 74
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)
11.4.2 Converging-Diverging Duct Flow (Continued) [four operations] (MIN3) > 1% (2A) [pressure] (SC5) > 9™ (4B) > To be taught ofh om
T 1 [exponent] (M6A3) > 61 (2A) [density] (S6E5) > 6" (4A) +
——— [square root] (M8N1) > 8" (2A) [velocity] (S8P3) > 81 (3A) PS
T 1+[k-1)2ma [Ideal Gas Law] - Post-secondary > to be taught
' 1 (k-1)
P |1+[(k-1)/2JMa’
T* 2
- N
T, k+1
nole J T
Lo +1 2 k+1
A 1(p*|p T ¥ 0)
A*  Ma ol T/T,
(k+1)/[2(k-1)]
A { ( 1)/2]Ma }
A* Ma | 1+[k-1)2]
11.4.3 Constant Area Duct Flow N/A [density] (S6E5) > 6™ (4A) ofn
N/A [velocity] (S8P3)-> 8™ (3A)
[pressure] (SC5) > 9" (4B)
[friction] (S8P3) > 8" (3A) > To be taught
[acceleration] (S8P3) = 8th (3C)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 75
WFED 7650-Applied Project in Workforce Education

Professors: Dr. Robert Wicklein & John Mativo

Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)
11.5 Nonisentropic Flow of an Ideal Gas [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS [ oM
11.5.1 Adiabatic Constant Area Duct Flow with Friction [areas of geometric shapes] (M5M1) - 5 (2B) [density] (S6E5) -> 6t (4A) +
(Fanno Flow) [exponent] (MBA3) > 6" (2A) [Ideal Gas Law] - Post-secondary - to be taught PS
(VARVE [logarithmic functions] (MA2A5) > 10" (2E) (To [temperature] (SP3) > 9 (3B)
hz— h1+ +9(z,-2,)|= annel +W32‘ahm be taught as a special skill) [entropy] = Post-secondary = To be taught
[square root] (M8N1) > 8" (2A) [pressure] (SC5) > 9" (4B) > To be taught
VIR T +£ T — constant [integration] > 12" (To be taught) [momentum] (SP3) > 9" (3B)
h+— = ho = constant 2c, T [derivative] > Post-secondary [pressure] (SC5) > 9™ (4B)
2 (W) [friction] (S8P3) > 8™ (3A) ? To be taught
h—ho = ¢, (T -T,) T+ 2% 7, = constant [wave] (S8P4) > 8" (3A)
P 2c,p*
(pV)T?
=T, = constant =pRT 7
"o, R G
p
s—§ =¢C In——RIn—
LT Py
Tds—dh 3P dh_ch , O _dp dT
P p=pRT p p T
Tds=c,dT - RT[dp+de pV = constant d—p = _av
p T \Y
Tds = c,dT - RT(_‘LV dlj & S R( ll 7)
\ T ar T V dT
dl:_ci E:CP_RCL i = RTk
dT vV dT T Ve T
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 76
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)
11.5.1 Adiabatic Constant Area Duct Flow with Friction [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS [ oM
(Fanno Flow) [areas of geometric shapes] (M5M1) > 5" (2B) [density] (S6E5) > 6™ (4A) +
. R, [exponent] (MB6A3) > 61 (2A) [Ideal Gas Law] - Post-secondary - to be taught PS
PA - p,A-R =m(\V,-V,) p,-p, AT AV, -Vy) [logarithmic functions] (MA2A5) > 10" (2E) (To [temperature] (SP3) > 9 (3B)
4D d 8r be taught as a special skill) [entropy] = Post-secondary = To be taught
—dp-——F=pvdv f=—2 [square root] (M8N1) > 8" (2A) [pressure] (SC5) > 9" (4B) > To be taught
A ol [integration] > 12" (To be taught) [momentum] (SP3) > 9™ (3B)
D2 V2 dx [derivative] = Post-secondary [pressure] (SC5) > 9™ (4B)
T A= L 7 Wl =pVdv [friction] (S8P3) > 8" (3A) = To be taught
wave] (S8P4) > 8" (3A
2 D p 2
do , My 06 Mat albv?)

p 2 D 2 V?

ar_ dfv?) _
V? = Ma’RTk ﬂz):d(Mdel T et 0
\Y Ma T

ar k-1, d0?) o dfv?)_ d(Ma’)/ma’
T 2 V? V2 14k -1)/2]ma?
dp_1dfv?) d(ma)

p 2 V?  Ma?
1(1+kMa2)£22)—d('vliaf)JriMaZ%:O

2 \Y Ma k D
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education [l
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)
11.5.1 Adiabatic Constant Area Duct Flow with Friction [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS [ oM
(Fanno Flow) (Continued) [areas of geometric shapes] (M5M1) > 5" (2B) [density] (S6E5) > 6™ (4A) +
(1- Maz)d(Maz) dx [exponent] (MBA3) > 6" (2A) [Ideal Gas Law] - Post-secondary = to be taught PS

i+[k-1/2Ma’kMa* D
J-Ma*:1 (1—Ma2)d(Ma2) =J'[* ; dx

va  Hfk-1)/2Ma’kmat ) D
1(1-Ma?) k+ [ [k+1)2ma’ | _ f(ex—0)
K M 2k n{1+[(k—l)/2]Ma2}_ D

fFlex—t,) flex—ry) _ f(f 1)
D D D
T (k-12)

21+ [(k —1)/2]ma?
B (k+1)/2 V.  MaJRTk AT
[k-1/2Ma> v* JRT*k  VT*

?
L
T*
v o k+1/2]Ma e v
Ve 1+[k-1)2mMa’ | p* v
o il mat | o p T
p* k+l/2Ma p* p*T*

R R o

(k+1)/2(k-1)
Po = i (i](l Q Ma ]
p* Ma|lk+1 2

o

d(Ma?)

[logarithmic functions] (MA2A5) > 10" (2E) (To
be taught as a special skill)
[square root] (M8N1) > 8" (2A)
[integration] > 12" (To be taught)
[derivative] = Post-secondary

[temperature] (SP3) > 9 (3B)
[entropy] = Post-secondary = To be taught
[pressure] (SC5) > 9" (4B) > To be taught

[momentum] (SP3) > 9" (3B)

[pressure] (SC5) > 9™ (4B)
[friction] (S8P3) > 8™ (3A) - To be taught
[wave] (S8P4) > 8" (3A)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

78

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas

Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code)
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.)

Possible
Grade
to Start

the Topic

Math | Physics/Chemistry

Sec | Ch

Chapter 11 Compressible Flow (Continued)

11.5.2 Frictionless Constant Area Duct Flow with Heat
Transfer (Rayleigh Flow)
(V)

P

= constant

pA +mV, = p,A +mV, +R, p+

V ¥RT
p+ & =constant pV = constant
P

dp =-pV dV @:—Vdv Tds:dF|+VdV
Yol
ds _¢

Tds=c, dT+Vadv = ?”

V d
TdT
ds G v 1
dar T T[TN)-(/R)]
a1 1

ds ds/aT  (c,/T)+W/TITNV)-(/R)?
dT

—=0 > Ma, = 1
ds k

" 2 — _1
dhevay —gg OV o VAT Vik-1)
V oT|Tdv ' KRT

pP+pV7:=p, +pV;

V, =RT,k Ma, =1

av & 1

VM 2

V e Tl-Ma?) P A g Paye
pa pa pa

p 1+k

_ PP pa_V

.
p. 1+kMa® T, p,p p V,

[four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A)
[exponent] (M6A3) > 61 (2A) [density] (S6E5) > 6™ (4A)
[derivative] > 121" + [temperature] (SP3) > 9" (3B)
[square root] (M8N1) > 8" (2A) [pressure] (SC5) > 9™ (4B) > To be taught

PS

9th
+
PS
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 79
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)

11.5.2 Frictionless Constant Area Duct Flow with Heat [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) PS om
Transfer (Rayleigh Flow) (Continued) [exponent] (MBA3) > 6™ (2A) [density] (S6E5) > 6™ (4A) +
o T 0 2 L+ k)MaT [derivative] > 12" * [temperature] (ShP3) > 9" (3B) PS
“2=Ma|— —=|—Ma| —="—-—+— i X
» \/; T, (Pa j T, { 17 KMa2 } [square root] (M8N1) = 8™ (2A) [pressure] (SC5) = 9™ (4B) - To be taught
&:lea{(Hk)Ma} T {E T\ T,

p Vv, 1+ kMa? Toa T AT N\ Toa
2(k +1)Ma2[1+ % Mazj
Too 1+ kma?f
P _ (DJ[DJ P
po‘a p pa po,a
T (1+k) ( 5 J(h_ k—leaz k/(k-1)
Poa  (L+kMa?)[\k+1 2
11.5.3 Normal Shock Waves [four operations] (MIN3) > 1% (2A) [Ideal Gas Law] = Post-secondary = to be taught | 97
(pV 2RT [exponent] (MBA3) > 6" (2A) [temperature] (S3P1) > 3 (3A)
pV =constant p+pV? =constant p+-~—.—— = constant [density] (S6E5) > 6™ (4A)
, P [pressure] (SC5) > 9" (4B) ? To be taught
F1+— = H = constant F\—F] =c (T-T, = pRT [speed] (S2P3) > 2" (3A)
2 0=6,(T-T) p=pR [velocity] (S8°3)> 8" (3A)
272 [graph] (S7CS6) > 7" (6)
T+ (pV)ZT 51 = 1o = constant
2cpi p’/R?)
&:& Pa &: 1+k P 1+k
P AP P 1+kMaj p, 1+kMa;
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)

WFED 7650-Applied Project in Workforce Education 80
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)
11.5.3 Normal Shock Waves [four operations] (MIN3) > 1% (2A) [Ideal Gas Law] = Post-secondary = to be taught | 97 om
(Continued) [exponent] (MBA3) > 6™ (2A) [temperature] (S3P1) > 3" (3A) +
[density] (S6E5) > 6 (4A) PS

&:1+k|\/|af Py (P p*
p, 1+kMa; p, \p*)\ p,

p_l{ (k+1)/2 }“2
p*  Ma |1+[(K -1)/2]Ma’

VE o VE o KV?

px +va><2 = py +pyVY2 p - E - RTK = kMa2
T _ (k+1)/2

T, (T, YT*) T* 1+[(k -1)/2Jma}

T [TITJ T (kr1)2

T* 1+[k-1)/2]ma?

T, 1+[k-1)/2Mai p, (T,) Py B
T, elk-v/2Me; pm[ ]"”"”VV

b, (T,YV.) p, (T,)"(Ma,
P TV, ) o (T.) (Ma,
Py _[1+[k-1)2vaz | Ma,

p, |1+[k-1)/2]Ma?| Ma,
Mazzw pV:LkMaz k-1
T [k/(k-1Mai-1 p, k+1 Y k+l
T, _ fiefk-1)/2]Ma? ok (k - 1)jMa? -1

T {k+1*/2(k~1)jMa;

X

[pressure] (SC5) > 9™ (4B) > To be taught
[speed] (S2P3) > 2" (3A)
[velocity] (S8P3)-> 8" (3A)

[graph] (S7CS6) > 7" (6)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 81
WFED 7650-Applied Project in Workforce Education

Professors: Dr. Robert Wicklein & John Mativo

Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 11 Compressible Flow (Continued)

11.5.3 Normal Shock Waves (Continued) [four operations] (MIN3) > 1% (2A) [Ideal Gas Law] = Post-secondary = to be taught | 97 om
p, V. oo, (BYT) A V. (k+1Ma? [exponent] (M6A3) > 61 (2A) [temperature] (S3P1) —)mf’>“j (3A) +
TV Y m [density] (S6E5) = 6™ (4A) PS
Ao Ny P APy ) A Yy KDV [pressure] (SC5) = 9 (4B) - To be taught

nd
Poy [ Poy | Py b, [speed] (S2P3) > 2 m(SA)
— =\ [velocity] (S8P3)-> 8™ (3A)
Pox L Py NP Pos [graph] (S7CS6) > 7" (6)
k/(k-1) k/(1-k)
(ﬂ Maf] [1+ﬂ|vlafj
Poy _\ 2 2
pO,x ( Zk Maf ~ k 1)1/(k1)
k+1 k+1
11.6 Analogy between Compressible and Open-Channel [four operations] (MIN3) = 1% (2A) [density] (S6E5) > 6™ (4A) om
Flows [square root] (M8N1) > 8" (2A) [velocity] (S8P3)-> 8:‘ (3A)
Vv OV, B V. B [areas of geometric shapes] (M5M1) - 5" (2B) [gravity] (S6E1) > 6" (3A)
Ma== Fr= T . =+JOy Fr= = PAV = constant [mass] (S8P3) > 8" (3A)
ybV_, = constant ¢ = +/(constantkp*™
11.7 Two-Dimensional Compressible Flow [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8™ (3A) om
V, =V, [triangle] (M5M1) > 5" (2B)
11.8 Chapter Summary and Study Guide N/A N/A gm
N/A
Chapter 12 Turbomachines
12.1 Introduction N/A [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) [ 9™ [ oM
N/A [work] (S8P3) > 8™ (3A)
[energy] (SP3) > 9" (3B)
[power] (SP3) > 9" (3B)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 82
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 12 Turbomachines (Continued)
12.2 Basic Energy Considerations [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8" (3A) o [ oM
VW+U U=ar [radius] (M3G1) > 3" (2B)
12.3 Basic Angular Momentum Considerations [sigma notation] (M6N1% > 6" (1A) or (MA1A3) [density] (S6E5) > 6™ (4A) om
= B VARV . : > 9" (2E) [torque] = Post-secondary = To be taught
F)= VipV-AdA T, =-mi(rV, )+-m,(rV,
Z(rx ) .Ls(r . )p n. s = = () + = (1) [integration] > 12 (To be taught as a special [momentum] (SP3) > 9 (3B)
M=pQ W = Taran® Wa = =My (UV) + -1, (U V) ) skill)
W [special math: cross product]
W0 = —shaft Wy =-UV, +UV,, VZ=VZ24+V? —> To be taught as a special math topic
m [analytic geometry] > 12" (To be taugrhn)
2 2 2 H 1l
V24V, —UF =W? VU _Vi+UT-W [areas of geometric shapes] (M5M1) > 5™ (2B)
W :sz _V12 +Uz2 _Ulz _(sz _le)
shaft 2
12.4 The Centrifugal Pump N/A N/A o
N/A
12.4.1 Theoretical Considerations [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)> 8™ (3A) o"
/,=W,+U, U, =ro _ _ ' [triangle] (M5M1) > 5" (2B) [density] (S6E5) - 6" (4A)
V Vi 10 U, =ro m =m, =m [trigonometric functions] (MA2G2) > 10" (2F) [gravity] (S6E1) > 6™ (3A)
2 =W, +U, Y =0 [areas of geometric shapes] (M5M1) > 5" (2B)
Tonare = m(rzvaz - rlvf)l) Toha = PR (rZVHZ - r1V91)
Wshan = Toar@ Wshaﬂ = a)(rzvoz - r1V01)
Y _ _ Wshaft _
Wshaft - pQ (U zvaz _Ulval) Wepatt = —~ = Uzvaz _U1V91
M
. 1
Woe = 09Qh ;= a(U Vo2 _U1V91)
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 83
WFED 7650-Applied Project in Workforce Education

Professors: Dr. Robert Wicklein & John Mativo

Student: Edward Locke, University of Georgia

Fluid Mechanics Topic List (Continued).

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 12 Turbomachines (Continued)
12.4.1 Theoretical Considerations (Continued) [four operations] (MIN3) ?1 1 (2A) [velocity] (S8P3)> 8“; (3A) o [ oM
1 URY; [triangle] (M5M1) <> 5" (2B) [density] (S6E5) > 6™ (4A)
h = 5[(\/22 Vi) (U7 -0 -we )] = Zg = [trigonometric functions] (MA2G2) > 10" (2F) [gravity] (S6E1) > 6™ (3A)
U. _v UZ UV cot [areas of geometric shapes] (M5M1) > 5" (2B)
cot B, = T h; =42 cotf, Q=2ar,bV,,
Vi g g
h _U; _U,cotp, 0
g 2mbyg
12.4.2 Pump Performance Characteristics [four operations] (MIN3) = 1% (2A) [pressure] (SC5) = 9™ (4B) > To be taught om
D, — P V2 V7 [areas of geometric shapes] (M5M1) = 5 (2B) [velocity] (S8P3)-> 8™ (3A)
h, = B +5, -1 +729 [unit conversion] (M6M1) > 6" (2C) [gravity] (S6E1) > 6" (3A)
ha :hp :hs _hL ha zu ¢ :JQha
v
Qh
= water horsepower = ——2
1 p 550
_ power gained by thev fluid _ ¥
shaft power drivingthe pump W, .
_RQh,/550
= Tohp T
12.4.3 Net Positive Suction Head (NPSH) [four operations] (MIN3) = 1% (2A) [pressure] (SC5) = 9™ (4B) > To be taught om
D, V2 D, Pun p, V2 [sigma notation] (M6N1) > 6" (1A) or (MA1A3) [velocity] (S8P3)-> 8™ (3A)
NPSH = tw, T, h :7+5:ZhL - > 9" (2E) [gravity] (S6E1) = 6" (3A)
, [density] (S6E5) > 6 (4A)
p, Ve _p
Syt oz _h
y 29 vy
NPSH = Pem 7 _ S - Pv
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Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B) 84
WFED 7650-Applied Project in Workforce Education
Professors: Dr. Robert Wicklein & John Mativo
Student: Edward Locke, University of Georgia
Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 12 Turbomachines (Continued)
12.4 4 System Characteristics and Pump Selection [four operations] (MIN3) > 1% (2A) [velocity] (S8P3)-> 8" (3A) o [ oM
hy=2,-2,+>h h, =2,-2+KQ? [sigma notation] (M6N1% > 6" (1A) or (MA1A3) [density] (S6E5) > 6 (4A)
> 9" (2E)
12.5 Dimensionless Parameters and Similarity Laws [four operations] (MIN3) > 1% (2A) [gravity] (S6E1) > 6™ (3A) om
dependent variable=f(D, /,,£,Q, », 1, p) [ratio] (MBAL) > 6th (2A) [density] (S6E5) > 6 (4A)
_ ‘. Q  puD? [energy] (SP3) > 9" (3B)
dependent pi term = ¢ o = [velocity] (S8P3)-> 8" (3A)
gh L & 2
c =gl =,
" @’D? %( D'D u J
Wshafl [ & pa)D2
© 5 _¢2 nN'~
pa) D D'D’ )7
_ PR, ¢( s Q mezj
=23 3 ,
Wshaft D D wD3 H
shah Q Q
ral ( j me5_¢2 wDaj 7 ¢3( j
o)), ()
2 oD’ 2
Wshaﬂ — Wshaft n=n
pw’D? ) pw’D? , 2
12.5.1 Special Pump Scaling Laws [four operations] (M1N3) = 1% (2A) [velocity] (S8P3)> 8™ (3A) om
Q o h, o W, @ Q D! h, D? [areas of geometric shapes: circle, triangle] [power] (SP3) = 9" (3B)
Q @ h, o W,, o Q D h, D (M5M1) > 5 (28) [energy] (SP3) > 9" (3B)
2 2 a2 2 shaft2 2 2 2 a2 2 (M5M1) 9 5t|‘| (ZB)
Wowe Df 1-7, (D 1o [exponent] (M6A3) > 6" (2A)
W DT’ q ® sz [ratio] (M6AL) - 6th (2A)
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Fluid Mechanics Topic List (Continued).

Engineering Subject: Fluid

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math | Physics/Chemistry Sec | Ch
Chapter 12 Turbomachines (Continued)
12.5.2 Specific Speed [four operations] (MIN3) > 1% (2A) [speed] (S2P3) > 2" (3A) o [ oM
(Q/st)uz ) w\/a ) . o(rpm)/Q(gpm) [ratio] (M6AL) = 6th (2A)
(gh/orD? " ()™ [ (rF"
12.5.3 Suction Specific Speed [four operations] (MIN3) > 1% (2A) [speed] (S2P3) > 2™ (3A) on
»Q (rpm),/Q(gpm) [ratio] (M6AL) > 6th (2A)
ST T CNEE Sst T oo e
[9(NPSH )] [NPSH, (ft)]
12.6 Axial-Flow and Mixed-Flow Pump [graph] (S7CS6) > 7™ (6) [speed] (S2P3) > 2™ (3A) om
N/A
12.7 Fans [four operations] (MIN3) = 1% (2A) [speed] (S2P3) > 2" (3A) om
P, P, [areas of geometric shapes: circle, triangle] [pressure] (SC5) > 9™ (4B) = To be taught
D7 ), | pwD? i (M5M1) > 5™ (2B) [density] (S6E5) > 6" (4A)

(M5M1) > 5™ (2B)
[ratio] (M6AL) > 6th (2A)

12.8 Turbines [four operations] (M1IN3) = 1% (2A) [power] (SP3) > 9™ (3B) om
12.8.1 Impulse Turbines [trigonometric functions] (MA2G2) > 10" (2F) [speed] (S2P3) > 2™ (3A)
V, =V, =W, +U V,, =W, cos § +U [derivative] > 12" (To be taught) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C)
Voo =V = (U —Vl)(l—COSﬁ) Tohatt = mrrn(U —Vl)(l—COSﬂ)
V 2

W, = T = MU (U -V, JL—c0s B) Ulmax = -
power
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Fluid Mechanics Topic List (Continued).
Engineering Subject: Fluid
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
[Pre-requisite Math Skills/Science Principles] (GPS Code) 2 Grade (Table No.) Grade
to Start
the Topic
Math Physics/Chemistry Sec | Ch
Chapter 12 Turbomachines (Continued)
12.8.2 Reaction Turbines [four operations] (MIN3) > 1% (2A) [power] (SP3) > 9™ (3B) o [ oM
Q gh W, W, [square root] (M8N1) > 8" (2A) [speed] (S2P3) > 2™ (3A)
Co = D Cy = 0252 C,= poD? T g0, [exponent] (M6A3) > 61 (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8" (3C)
o [density] (S6E5) > 6‘: (4A)
H 1
C, = ¢1(CQ) CW — ¢2(CQ) n= ¢3(CQ) n= c (CJ: [gravity] (S6E1) = 6™ (3A)
H™Q
' a)\ “; shaft /p f a)(rpm)\ Wshaft (bhp)
s 7w~ Nw=—F " —
(gh.) [h ()]
12.9 Compressible Flow Turbomachines [four operations] (MIN3) > 1% (2A) [mass] (S8P3) > 8™ (3A) om
12.9.1 Compressors [square root] (M8N1) > 8hth (2A) [pressure] (S%S) > 9" (4B)
) . [T, T [graph] (S7CS6) > 7" (6) [friction] (S8P3) > 8™ (3A) > To be taught
[Rm szij :[Rm szTmJ i st/ To sa [velocity] (S8P3) 8" (3A)
DPo ) Dpu ), P ot st/ Po sa [temperature] (S3P1) > 3™ (3A)
ND N
V kRTOl S‘d VT01/TsId
12.9.2 Compressible Flow Turbines N/A [mass] (S8P3) > 8™ (3A) om
N/A [pressure] (SC5) > 9™ (4B) = To be taught
[friction] (S8P3) = 8" (3A) = To be taught
[velocity] (S8P3)-> 8™ (3A)
[temperature] (S3P1) > 3™ (3A)
12.10 Chapter Summary and Study Guide N/A N/A gm
N/A

THE END
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Part Two
1% Round of Delphi —
Five-Point Likert Scale Survey Forms

Proposed Procedures for Survey Response

To facilitate survey response to the initial selection of fluid mechanics topics that could be possibly taught to students at 9" or
above Grade, as listed in the Fluid Mechanics Survey Form A and Survey Form B, the following procedures are hereby proposed:

1. Rate the importance of each Section as a topic in a potentially viable 9" or above Grade fluid mechanics subject, and write
a number representing its “importance” value (Figure 4A), using the five-point Likert Scale (Figure 4B);

2. Check the formulas listed under the Engineering Analytic Topics & Typical Formulas column, and use symbols shown
in Figure 4B to indicate your expert opinion and advice about each formula;

3. Add your general comments and advice in the empty space.
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sten 2: R R " A A
Ste p Likert Scale (Score of Importance) for Engineering Analysis Topics/Formulas
Rate the importa “V Totally Not So Might Be Important Very Important
of each formula Unimportant Important Important
1 2 3 4 5
Fluid Mechanics Survey Formy A (Continued) - \
Engineering Subject: Fluid \ \
Likert Scale (Score of Importance) Nate:
1 < Totally Unimportant; 2 < Not So Important; § = Might Be Important; 4 - Important; 5 2 Very Impornant
Engineering Analytic Topigs & Typical Formulas Likert Scale Comment

{Score of Importance from

lfast to Most)
[Your correct formulal 7,1

Chapter 10 Open Channel Flow (Continked) /
10.3.1 Specific Energy O O O . O

o e e e e 79: 4;_“5.%__;=0 1=|Q| ."‘—\ Step 1:
ﬁ;g R A - =z &/ Rate the importance
En=2x 7,=4 =43,— - o215 of each topic
10.4 Eni.fonn Depth Channel Flow O O O O (s}
10.4.1 Uniform Flow Approximations
N/A
10.4.2 The Chezy and Manning Equations O O O O O
Qi) F, ~ F, — 7, PL+ W sin6E0 3 F, =0
Tae ws) | TS Figure 4A.
__‘__,_-___o_ =
7 .3 T Eagis [Your comments and advice) Step-by-step
e ——— e - ¥
|k Resers b L N procedures
P AP I & L =K 4riig . .
— _ ek N Step 3: proposed for
o | I'=;|'§ 5 NAdd your general the review and
y=a e comment and advice validation of

10.4.3 Unift Depth E 1
wa niform Dep xamples O O O (] (8] data
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Likert Scale (Score of Importance) for Engineering Analysis Topics/Formulas

Totally Not So Might Be Important Very Important
Unimportant Important Important
1 2 3 4 5
Fluid Mechanies Survey Form A (Continued) \ /
Engineering Subject: Fluid \ !
Likert Scale (Score of I rtance) Note:
1 = Totally Unimportant; 2 <* Not So Impaortant; 3 & Might Be Important; 4 = Impertant; 5 < Very ant
Engineering Analytic Topics & Topics & Typical Formulas Likert Scale Comment
X mark:|" This formula is wrong. e
) " = t to Most)
[ give the correct one \ [YOUT; correct fOI" ‘aZ IERERE
Double-strike- Chapter 10 Open Channel Flow (! inued) /
through: 10.3.1 Specific Energy l L, oNO |0 .ﬁ 0
"Never taught e —— e 1'3':._ %E=K._=g ¥, =|Q st "1 rate this tU['.lit‘ as
or used" 3;,8 T ) = - = B \ '"Importanrt' on
Eau=" Vo=1" =%T—=“E rev. /ey, ) " =1 5 the Likert Scale"
10.4 Uniform Depth Channel Flow P mark: "l don't know | © | © O |0
10.4.1 Uniform Flow Approximations .
NA this formula
10.4.2 The Chezy and Manning Equations [6] Q (8] (o] o]
i fipmfileh ', — F, = 7, PL+ W sin#E0 T F. =0
A%,
iWsing 175, | T RS,
T = L s [Youn co mWnts and advice]
-# re - n
RGN N Gl i | | P %JS;: ‘-""‘“--_,______ Boxed with Number:
e N n_- - T T——— ["Used and taught"
_H_J' =R: e & 'lOrder of Importance"
d= with Likert Scale
10.4.3 Uniform Depth Examples [e] [e] O O 0
N/A
Strike-through: "Rarely taught or used"
Figure 4B. Likert Scale (top) and symbols to be used for the expression of expert opinion and offer of advice.

89
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Notes for Chapter 6 and Chapter 7

Chapter 6 (Differential Analysis of Fluid Mechanics Flow) appears to be, for all practical purposes, too deep in calculus-based
mathematics for even 12" Grade students in Advanced Placement Calculus course to master.

Chapter 7 (Similitude, Dimensional Analysis, and Modeling) involve a lot of “abstract thinking” and appears to be most likely
beyond the cognitive developmental maturity level of high school students.

Therefore, engineering analytic principles and skills from these two Chapters are NOT analyzed for the eventual inclusion into

a potentially viable K-12 engineering curriculum. However, some generic knowledge content covered in these two Chapters could still
be lightly explored by 9" or above Grade students; thus, their relative importance could still be rated at generic knowledge level.

Notes about the Fluid Mechanics Analytic Principles and Formulas

The leftmost column in the Fluid Mechanics Survey Form A and Survey Form B contain

1. The titles of each section under a particular chapter in the selected textbook, which in general represent particular sets of
fluid mechanics related engineering analytic and predictive principles, in a qualitative and explanatory way;

2. Computational formulas, which symbolically represent the above engineering analytic and predictive principles, in a
quantitative and mathematical way.

As shown in Figure 4B, the formulas extracted from the selected textbook might by categorized into five groups,

corresponding to the five different symbols shown in Figure 4B, which could be used by the above-mentioned five Groups of
Participants:
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1. Formulas that engineering professors actually teach in classroom lectures and that practicing engineers use in engineering
design projects: These are the important ones to be included in a potentially viable K-12 engineering curriculum that shall
be based on cohesive and systemic mastery of engineering analytic and predictive principles and skills. For any of these
formulas, a box could be used together with a number representing its order of importance according to the five-point
Likert Scale (1 = Totally Unimportant, 2 = Not So Important, 3 = Might Be Important, 4 = Important, or 5 = Very
Important).

2. Formulas that are rarely used in either classroom lectures or in field practice, but are used by the original discoverer of a
particular set of analytic principles to derive other formulas that are actually used in classroom lecture or in field practice:
Some of these “intermediate” formulas might not be used often, in other words, they are “rarely taught or used.” For any of
these formulas, a strikethrough could be used. If a big enough percentage of participants (maybe 85% or above) place a
strikethrough on a particular formula at the end of each round of the proposed four-round Delphi study, then the formula
will be removed from the survey form for the next round. If the trend continues through all four rounds of the proposed
Delphi survey, then that formula might be removed from the final list of high school appropriate fluid mechanics topics.
Interestingly enough, in some cases, rarely used calculus-based “intermediate” formulas are used to derive a final one that
is based on pre-calculus mathematics skills and is actually used in most homework assignments and design projects; in this
case, if the “intermediate” formulas are removed from consideration, then the entire topic of fluid mechanics could be re-

classified as appropriate for 9" Grade. For example, the main formula F =ma and

1 : . .
p+ E,oV 2 + yz = constant along a streamline (Bernoulli Equation) do not need calculus, and thus, could be taught to 9"

Grade students. This type of formulas will make the list shorter and shorter as the proposed Delphi study moves to the next
round of survey. Some of these formulas might not be in the selected textbook; I derived them for fun, sometimes with the
help of my former engineering professor, Dr. Samuel Landsberger, at California State University Los Angeles.

3. Formulas that are particular to certain conditions and in real classroom lectures or field practice are, for all practical
purposes, close to be “never used:” For any of these formulas, a double-strikethrough could be used. If a big enough
percentage of participants (maybe 75% or above) place a double-strikethrough on a particular formula at the end of each
round of the proposed four-round Delphi study, then the formula will be removed from the survey form for the next round.
If the trend continues through all four rounds of the proposed Delphi survey, then that formula might be removed from the
final list of high school appropriate fluid mechanics topics. This type of formulas will also make the list shorter and shorter
as the proposed Delphi study moves to the next round of survey.
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4. Formulas that even experienced university engineering professors or practicing engineers might “not understand:” This is
amazing but totally correct and yes, absolutely normal! There are formulas that even experienced professors might say “I
do not understand this” or “I need to read the context in the book to figure this out.” For any of these formulas, the
participants should generally not seek to understand them (doing so does not serve the purpose of studying the relative
importance of each computational formula); but instead, a question mark (?) could be used. If a big enough percentage of
participants (maybe 65% or above) place a question mark (?) on a particular formula at the end of each round of the
proposed four-round Delphi study, then the formula will be removed from the survey form for the next round. If the trend
continues through all four rounds of the proposed Delphi survey, then that formula might be removed from the final list of
high school appropriate fluid mechanics topics. Indeed, it makes little sense to include this type of formulas to a potentially
viable K-12 engineering curriculum. This type of formulas will also make the list shorter and shorter as the proposed
Delphi study moves to the next round of survey. Some of these formulas might not be in the selected textbook; I derived
them for fun, sometimes with the help of my former engineering professor, Dr. Samuel Landsberger, at California State
University Los Angeles.

6. Formulas that are wrong for any reasons (my typing errors, or the authors’ errors, etc.): For any of these formulas, a cross
(X) could be used and the correct formulas should be given if possible. The correction would be included in the survey
forms for the subsequent rounds of the four-round five-point Likert Scale Delphi study.

For convenience of statistic analysis of expert opinions and advice, it is requested that all participants print each letter of their
comment legibly and separately, using fonts commonly used in engineering notebooks.
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Fluid Mechanics Survey Form A
1% Round of Delphi - Likert Scale Questionnaire on the Importance of Various Fluid Mechanics Topics Selected for High School
Engineering Curriculum (For the Pre-calculus Portion)

Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale Comment

(Score of Importance from
Least to Most)

1 2 3 4 5

Chapter 1 - Introduction

1.1 Some Characteristics of Fluid O @] O @) O
1.2 Dimensions, Dimensional Homogeneity, and Units o) 'e) o) o) 'e)
F - P
pEA: - F.=PpA T:K T op
1.3 Analysis of Fluid Mechanics Mechanics Behavior
N/A
1.4 Measures of Fluid Mechanics Mechanics Mass and Weight o) o) O o) o)
1.4.1 Density @] O O O @)
o m vV 1
V m p
1.4 2 Specific Weight O |O0O|O |O |O
y= W mg
vV V
1.4.3 Specific Gravity @] @] (@) (@) O
$G =—2

Pro @4'C
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Fluid Mechanics Survey Form A (Continued)

94

Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

Comment

1 2 3 4
Chapter 1 — Introduction (Continued)
1.5 Ideal Gas Law O @) o O
p=pRT
1.7 Compressibility of Fluids 0] @] (@) (@)
1.7.1 Bulk Modulus O |O |O |O
_dp o __dp
Yodv/ivy Y dp/p
1.7.2 Compression and Expansion of Gases o) o) (o) o)
P _ constant Lk =Constant E,=p E, =kp
P P
1.7.3 Speed of Sound @) @] o @)
dp _dp
Bo=r"="0p kp
P L do/p dp c:\g - c=+kRT
o \p E _dp _RT
1.8 Vapor Pressure @] @] (@) @)
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Fluid Mechanics Survey Form A (Continued)

95

Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from

Least to Most)

Comment

1 2 3 4
Chapter 1 — Introduction (Continued)
1.9 Surface Tension o) O o) o)
20
27Ro = ApaR®  Ap=p, - p, ==
20 C0s0
yR*h =22Rocosd —» h="2
R
1.10 A Brief Look Back in History 'e) o) o) o)
1.11 Chapter Summary and Study Guide o) o) o) o)
Chapter 2 Fluid Statics
2.3.1 Incompressible Fluid O o) o) O
J‘pzdp _ _7_[22 dz - {pz -p= _7(22 _21)
Py “ P — P2 :7(22*21)
p, =h+p,
- PP = > h=p1_pz p=rh+p,=pgh+p,
y
Note: The main formulas P = ;/h + Py = pgh + P, does not need calculus.
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Fluid Mechanics Survey Form A (Continued)

96

Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 2 Fluid Statics (Continued)

2.3.2 Compressible Fluid

O |0 |O |O |O

=—-— —=-—dz -
dz(p)  RT(p) pRT
p = pRT R B
p dp __gp hopoTe RT R T
PoRT @ Rt nd d
z RT [FOjgPe_ O qud
d Py R 33 T
P, P P
dz D, = p, exp| - 9(z,-2)
Lo RT,
_ _ _ g(zz - Zl)
Note: The main formula P, = P; €XP| ———=——=| does not need calculus
RT,
2.4 Standard Atmosphere
Y 9/RA
Ta

2.5 Measurement of Pressure
pabs = pgage + patm patm = 7h + pvapor
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 2 Fluid Statics (Continued)

2.6 Monometry

2.6.1 Piezometer Tube
p=m+p, P.=rh

2.6.2 U-Tube Manometer
p=m+p, Patrih—-7,h,=0 —
Pa =70 =y Py =70,

Pat b =70, —yshs=ps —
Pa— P =750, +73h; —+7;hy

2.6.3 Inclined-Tube Manometer
Pa+yih —7,0,8IN0—y3hy = pg
Pa— Pg =7,0,SIN0+y;h, —yih,
Pa—Pg
¥,8in@

Pa—Pg =7,0,5IN0 — [,=

2.7 Mechanical and Electronic Pressure Measuring Devices

2.9 Pressure Prism

F= pavAzy(ng F, = volume = %(jfk)(bh)z 7(2]A
FR:F1+F2 FRyA:F1y1+F2yZ
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from

Least to Most)

Comment

1 2 3 4

Chapter 2 Fluid Statics (Continued)
2.10 Hydrostatic Force on a Curves Surface o) 'e) o) o)
F,=F, F,=F+W
F= (FH )2 + (Fv)2
2.11 Buoyancy, Flotation, and Stability 'e) 'e) o) o)
N/A

2.11.1 Archimedes’ Principle
Fe=F-F-W Fz_F1:7(h2 _hl)A
Fs = 7(h2 - hl)A_ 7[(h2 - hl)A_\’L]
Fo = Foy, =Ry, — Ry, - Wy,
V—yc :\7LT Y1 _(er _v)yZ

2.11.2 Stability
N/A
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation
3.1 Newton’s Second Law o) o) o) o)
F=ma Y (F+F,)=ma
a-v¥ 4 v¥ v =V

0s R

Note: The main formula F = M& does not need calculus
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

(Score of Importance from
Least to Most)

Likert Scale

Comment

112 | 3] 4
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)
3.2 F = ma along a Streamline O lo |o |o

S 6F, = ama, = v 2 = powy 2. oW = o SW, = —OW sin @ = —yoXV-sin @
oS 0s y=pg
op &
Pox—-o YR, =(p—5ps)my—(p+5ps)my=—25p55n5y———5s5n5y——§év
ZéFS:é\NS+&:pS:(—ysin9—ap)éV —;/Sinﬁ—a—p:pvﬂ:pas
0s s s

d2_dp_1 d 2) 1 (s

— == - dp+=pdlV°)+y dz=0

ds ds 2 ds P Zpd( )7/

J' dp + 2V +0gz=C (alongastreamline)
Y2,

1 . . .
p+ EpV ® 4y = constant along a streamline  (Bernoulli Equation)

. 1 .
Note: The main formulas E = ma and P JrE,oV2 + yz = constant along a streamline

(Bernoulli Equation)

does not need calculus
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from

Least to Most)

1

2 3 4 5

Comment

Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)

1 1
P, +§pV12 +7, =1, +EPV22 +7Z,

3.4 Physical Interpretation Olo|lolo |o
p+ %pV 2 + 7z = Constant along the streamline
V? . p V? .
p+ pj'?dn + yZ = constant across the streamline  — + 5 + z = constant on a streamline
b v
1., :
Note: The main formulas P +§pv + 72 = Constant along the streamline do not need calculus
2
L vz + z = constant on a streamline
7y 29
3.5 Static, Stagnation, Dynamic, and Total Pressure oOlo|lolo |o
1 1 .
p,=p,+ Epvf p+ 5V ? 49z = p; = constant along a streamline
10 1o 2(py — py)
p;=p+_-pV } = P3—pP,=_-pV° V= —
2 Ps=P.=p 2 P
3.6 Examples of Use of the Bernoulli Equation o) o) o) O o)
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

(Score of Importance from
Least to Most)

Likert Scale

Comment

1 2 3 4
Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)
3.6.1 Free Jets O |O |O |O
,/ =4/2gh
h= %pV © o
Zg (h+H)
3.6.2 Confined Flows O |0 |O |O
PAVI =AY, > AVi=AV, - Q=Q,
3.6.3 Flowrate Measurement o o O O
p1+%pV12 =p; +%pvzz Q=AV, =AYV,
Q=A 2(p1—p2)2 P+ pV +yZ =Pt pV +7Z, Q:Ai\/l:bvlzlesz:bvzzz
(3]
P
3.7 The Energy Line and the Hydraulic Grade Line o) o) o) (o)

2

Py \2/— +z = constant on a streamline=H
g

v




Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)
WFED 7650-Applied Project in Workforce Education

Professors: Dr. Robert Wicklein & John Mativo

Student: Edward Locke, University of Georgia

Fluid Mechanics Survey Form A (Continued)

102

Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)

3.8 Restrictions on Use of the Bernoulli Equation
3.8.1 Compressibility Effects

2 2
RTJ‘%+EV2+gz=constant ,o:L V—l+zl+ﬁln 1 :V—Z+z2
p 2 RT 2¢ 9 \p) 29

CllkJ' p'“kdp +%V2 + gz = constant
1k P2 Ak gy _ o 1/k L (k=1)/k _ y(k=2)7k L P B
Cl, pdp=C (k—lj[pz V=1 e

2 2
[L)&_Fvil_,_ gzl :(L]&+V72+gzz

k-1)p, 2 k-1)p, 2
k/k-1

Po =Py _ (1+ k-1 Maf) —1| (compressible)

P 2
Py VY

2RT. - 2
Py Vl oy PP I(M% (incompressible)
Ma, = Py
JKRT,

— 2 —
Ll I(Mi(l+ 1 Ma; + 2-k Ma; + j (compressible)

P 2 4 24

O |0 |O |O |O
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 3 Elementary Fluid Dynamics — The Bernoulli Equation (Continued)

3.8.1 Compressibility Effects (Continued)

P Vi
2RT. - kMaZ? .
Py \; 5 PmP Tl (incompressible)
Ma, = P,
ST,

— kMa? —
PPy _ i[u} Ma? +2—k Ma,' + j (compressible)

b, 4 2

Note: The main formulas RTJ‘d—p + %V 24 gz=constant p= % and others do not need
p

calculus

O |0 |O |O |O

3.8.3 Rotational Effects

P: +%pV12 T =P %pvzz +72, = constant = C,,

V, =V, =V,
Vv, =V, =V, z;,=2,=h
2,=2,=0 - ClZ:%pV02+po F=ma - Cu=C, —
P =P, =P p3:p1_7h
Ps =P,

p +%pv2 + 72 = constant throughoutflow p, =p, +H =H H= Py
4

3.8.4 Other Restrictions
3.9 Chapter Summary and Study Guide
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from

Least to Most)

Comment

1 2 3 4
Chapter 4 Fluid Kinematics
4.3 Control Volume and System Representations O @) O O
_d(m)
St
4.4 The Reynolds Transport Theorem O @) O O
B=m — b=1
mv 2 V2 B:Extensive Property b:Intensive Property
B=mb {B= - b=— L . .
2 2 Infinitesimal fluid particles: o6+ —0
B=mV — b=V
4.4.7 Selection of a Control Volume O O o O
N/A
4.5 Chapter Summary and study Guide O |0 |O |O
N/A
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 5 Finite Control Volume Analysis

5.1.2 Fixed, Non-deforming Control VVolume o) o) o) O o)
Sl o Ty -Ym, =0 Q. -0, <0
m= pAV ) _
uniformlydistributed m _:pAV L
9 p d¥-  over theopeningin the unlformlydlst_rlbl_Jted
ot oo over theopeningin the

controlsurface wrolsurf
. . controlsurface
(one - dimensiond flow)

m :p1A1\71 :p2A2\72 Q = A1\71 = A2\72 Zmin :Zmout
Note: The main formulas =p AV, = p, AN, Q=AV,=AV, Ym, =Ym,
re not based on calculus
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2

3

4

Comment

Chapter 5 Finite Control Volume Analysis (Continued)

5.3.3 Comparison of the Energy Equation with the Bernoulli Equation

v v . V2 V2 .
m{u"”‘_u'"‘“ pum _h+w7+g( out - ):|:Qnet
P Y2 2 in

V, 2 M M Qnet in
Pou y You | OZgy = P + + 02, —| Uout—Uin—Opgg | Ot =
P 2 in in m

P 2
pVou ,OV,|1
Pou + 2t+7zout_pin 2 +, Y=p — Z:g
e,
pvou pV”f
(pom+ > t+ﬂomj [pin+ 5 +ﬂinJ i
= N pout out + 02, = pll‘l |n +0z,,

v

Uout— ljm - q_ne[ =0 (Frictionless steady incompressble flow)

v v

Uout—U qne‘>0 (Steady incompressible flow withfriction) Ut = Uin — qnet loss

o | O

©)

©)




Project Title: High School Appropriate Engineering Content Knowledge (Appendix 3B)
WFED 7650-Applied Project in Workforce Education

Professors: Dr. Robert Wicklein & John Mativo

Student: Edward Locke, University of Georgia

Fluid Mechanics Survey Form A (Continued)

107

Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 5 Finite Control Volume Analysis (Continued)

5.3.3 Comparison of the Energy Equation with the Bernoulli Equation (Continued)

V2 ) V.2
M+%“t+gzuut =h+%+gzin —loss

v v o2 y? . .
m|:Uout_ Uin+ M - h R TR g(zout —Z ):| =Quet Wanan
P Ve 2 in net in

2 2
Paw V. Pu Vi .
M O 4 9oy =+ 0+ 075, + Wy — | Uout— Uin— 0y
2 P 2 net in in
V2 ) V&
Pou  Vou 02, = P Vo, gz, + Wy, —loss
P 2 P 2 net in

V2 V.2
pout +% + 7Zuut = pin + pzm

+Zin t PN — p(lOSS)

net in

VAL
— P + % +0Z;, + W — Iossj

out
P 2 Y net in
_)
9
V 2 . V.Z
M_'_Lm_'_zout :h-"i_'_zin +Wshaﬁ _hs _hL
V4 Zg V4 29 net in

w Wshaﬂ Wshaﬂ

shaft net in net in net in

g9 mg J2)

S

hT :_(hs +hL)T hp :(hs + hL)P

0|0 |O O |O
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 5 Finite Control Volume Analysis (Continued)

5. 3 4 Application of the Energy Equation to Non-uniform Flow

J' 710\/ AdA=m aoutvout _ Olme
2 2

ma\ﬁ:fﬁp\i.ﬁ dA —I(\/Z/va ndA
A

2/2
Vv,
h aout out + gzout pln m in + gz +Wshaﬂ _ IOSS
P 2 P 2 net in
V _
h aout = + gzout - pm m n + gZ +Wshaft —loss (,0)
P 2 L 2 net in
H

a UV ul i VI
Pout +&+7Zout =Pin t Pt +7Zin + PVt *,D(lOSS)

2 2 net in
a, V.2 a, V.
(pout DIJI out + gzom — pln |n n + gz Shaf.t _IOSSJ
P 2 Y 2 net in
4)
g
_ W,
2 shaft
Pout aoutvout +2,, = & + ainvin +7;, + netin hL

4 29 4 29

0|0 |O O |O
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale Comment
(Score of Importance from
Least to Most)
1 2 3 4 S

Chapter 5 Finite Control Volume Analysis (Continued)

5.3.5 Combination of the Energy Equation and the Moment-of-momentum Equation o) o) o) O o)

Wyo — l0SS
77 — net in
Wshaf_t
net in

5.4.4 Application of the Loss Form of the Energy Equation o) O O O o)

Pz +£+gz f&ﬂt +0z f @+V—+gz fV—+gz
2 p 2 o, 2 !
2
Lk:constant Jz K_[Po_P K L 2 +gz, = K &+V4+gz1
v p k-1 P2 P k-1 1,02 2 k-1p, 2
5.5 Chapter Summary and Study Guide o) O O
N/A
8.2.4 Energy Considerations o) o) o)
2 2
&+a1—+zl &+a2—+22 +h, (lerzlj (pz+ le h,
y 29 Y 29 Y Y
p,=p,+Ap z,—-2,=/sind
h = 2t h = 4,
" D
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

Comment

1 2 3 4
Chapter 8 Viscous Flow in Pipes
8.4 Dimensional Analysis of Pipe Flow O lo |o |o
hL = hL major + hL minor
8.4.1 Major Losses o) o) o) O
hL:hLmajur+hLminnr Ap:F(V,D,f,S,/,t,ID) = :;(&riri] Re:@
1 2 u DD H
= pV
2
A / £ & p A p V2
T p2=6¢[Re,BJ f=¢(Re,Bj 71+a1£+21=72+a2£+22+h,_
= pV
2
(V2 LNl ¢/D 251
Lmajor — fBE pl_pz:7(22_Z1)+7hL:7(Zz_zl)+f6p2 \/T__Z'Olog(3/.7+Reﬁ]
8.4.2 Minor Losses o) O o) o)
h, Ap 1., V2
= —nor — Ap=K, =pV° h, . =K, — K, =d¢(geometry, Re
L Vz/Zg 1 V7 p sz L minor ng L ¢(g ry. )
EP
Vi V2 K, D
hLminor:KLg:f D g /'eq: A1V1:A3V3 plAg—p3A3:pA3V3(V3—V1)
2 2 2 2
&+L:&+Vi+hL K = 2hL KL_[l_Alj Cp:(pz_pl{pV1]
y 29 7 29 vy’ /29 A 2
8.4.3 Noncircular Conduits o) o) o) O
2 2
(2 C e _PDn [ _4A_AmD4) o\ (4D,Y
Re, u P 7D 29
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

(Score of Importance from
Least to Most)

Likert Scale

Comment

N/A

1 2 3 4 S
Chapter 8 Viscous Flow in Pipes (Continued)
8.5 Pipe Flow Examples Olo|lolo |o
N/A
8.5.1 Single Pipes o) o) o) O o)
N/A
N/§.5.2 Multiple Pipe Systems Olo|lol|lo |o
8.6 Pipe Flowrate Measurement Olo|lolo |o
8.6.1 Pipe Flowrate Meters
- ;) A P
= V,=AV, —+—=—2+—"24+h
|deal AZ A2 4 Q Al y + 29 y + 29 + L
/ p.—P,) P, _Q
=C.Q. =C =— Re=£"—" yv==
Q OQldeal OAO 71—j ﬂ P Al
2(p, - p,) 2(p, - p,)
=C.O. C =C,Qips =C
Q andeaI An T—ﬂT Q ledeaI vAT m
8.6.2 Volume Flow Meters
N/A
8.7 Chapter Summary and Study Guide o) o) o) O o)
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 9 Flow over Immersed Bodies (Continued)

9.1 General External Flow Characteristics oOlo|lolo |o
9.1.1 Lift and Drag Concepts

IZ—):j‘dFX :J' p cosd dA+ITw sing dA

dF, :(p dA)cosH+(rW dA)sine} N [:J‘dFy :_Ip sing dA+JrW cos¢ dA

dF, :—(p dA)in€+ (rw dA)cose

Co=1 Co=71 >
~pUZA ~pUZA
2 A 2 A
9.1.2 Characteristics of Flow Past an Object
N/A
9.3 Drag
Co :% C, = ¢(shape, Re, Ma, Fr, £/¢)
2
= pU*A
, PV
9.3.1 Friction Drag oOlo|lolo |o
I:a)f = l/DU *b(Cy

2
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 9 Flow over Immersed Bodies

9.3.2 Pressure Drag
|5p jpcosa dA 'prcose dA

Dp:Ipcose dA Cp, = A

D, = A
T 1, . jpcosed

|jp ~ Jpcos@ dA_ ICP cosd dA

O |0 |O |O |O

CDpzlpuzA lpUZA i D=f(U,tu) D=CuU
2 2
D 2 2C - < D 2CuU _ 2C
Co=7 = u;fez = D= fU.f4) D=CutU Cop = = ‘2’;2 o
5pu 2p2 P EPU 22 pUl
9.3.3 Drag Coefficient Data and Examples oOlo|lolo |o
9.4 Lift Olo|lo|lo |o
9.4.1 Surface Pressure Distribution
C, -t C, = ¢(shape, Re, Ma, Fr, 5/¢)
1 UZ2A
2/0
9.4.2 Circulation
N/A

9.5 Chapter Summary and Study Guide
N/A
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 10 Open Channel Flow

10.1 General Characteristics of Open-Channel Flow
Re=pVR,/u Fr=V/(g/)"*

O |0 |O O |O

10.2 Surface Waves
10.2.1 Wave Speed
P ) 172 7 tanh(%zyj —1 as %—) ©
c—{gtanh(zyﬂ y>A1 — c= g—
4 & tanh Zﬂj_)ziy as X—)O
A A A

10.2.2 Froude Number Effects
N/A

10.3 Energy Considerations

Z, -2, =S,/
VZ 2 VZ 2
Pr Vo 17&+—2+22+hL &:yl - Y, +—=—+Sl=Yy,+—>+h,
7 29 Y 29 29
p
2=y,
Y

2 2 S -0 2 2
Sf:hL - y1_Y2:(V2 V1)+(Sf_50)[ f } - Y1_y2:(v229\/l)
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
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Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 10 Open Channel Flow (Continued)

10.3.1 Specific Energy

VZ q2 dE qZ
E:y+£ El:E2+(Sf—SO)€ E:y+29y2 diy:l—$:
3 3/2 4172
Eon = Z Vc—;—(y° yg ):\/gyc Fr=v/(gy.)"” =1

O |0 |O O |O

10.4 Uniform Depth Channel Flow
10.4.1 Uniform Flow Approximations
N/A

10.4.2 The Chezy and Manning Equations
> F =MV, -V,)=0 F,-F,-7,Pr+Wsing=0 > F =0

JALS,
~ _ = =R S
__Wsino _Ws, =T TR
v pp T py K \p2/3gli2
V =—AR;/"S
s _ 2 2 h o
sind~tand =S5, - ==va— va—:thSO N
Sy <<1 — 2 2 Q_EAhawSl/z
— - 0
W = Al n
Rh :A/P V :CW’RhSO
V _ RﬁlSSélz
n

10.4.3 Uniform Depth Examples
N/A
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 10 Open Channel Flow (Continued)

10.5 Gradually Varied Flow

@) O o @) @)
N/A
10.5.1 Classification of Surface Shapes @) (o) O (@) (@)
N/A
10.5.2 Examples of Gradually Varied Flows Olo|lol|lo |o
N/A
10.6 Rapidly Varied Flow O |0 |O |O |O
N/A
O O O O O

10.6.1 The Hydraulic Jump
F-F =pQ(V2 —Vl)=pV1y1b(V2 _Vl)

A:b »
L R A
wib W - 7_7: g (Vz _Vl)
F,=p,A = 22 p01:72
VZ VZ y2 y2 Vy Vy VZy
y1b1V1:y2sz2 =Q y1+£:yz+£+h|_ ?l_?zzﬁ ;’721_V1 :;]Tzl(yl_yz)
2 Fr, = Vi %=%(—1+,/1+8Frﬁ)
[sz +[yz]—2Fr2_O VO S
1
Y1 Y1

2 2
ﬁ:%(—li,/usﬁf) m:l—”ﬂ:“[l—[yln

Y1 . 2 Y2
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Engineering Subject: Fluid
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Engineering Analytic Topics & Typical Formulas Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 10 Open Channel Flow (Continued)

10.6.2 Sharp-Crested Weirs O |0 |O |O |O

2 2 2 -
&+\L+ZA:(H+PW—|’])+U—Z u, =.|29 he Yo Q= u, dA:J’h_Huzf dh
y 29 29 29 @ h-0

| NE 1/2 ’ vE 3/2 v 327 P, >>H
/=b — Q:@bjo [h+21g] dh Q:g\/ﬁbMHJrzlgj —[1] 1 V2 -

29 -1 «<H
g 2

Q =3@H ¥2.Q=cC,, %@bH 32 c, =0611+ 0.075('?)

3 w
) V? 8 12 8 %
(=2(H-h)tan| =| *<<H — Q=—tan|=|J2gH*?* Q=C, —tan| = |/2gH*"?
(H-nyan(3 ) 3 Q=2 a5 2aH ™ Q=C, e (28
10.6.3 Broad-Crested Weirs O 0] (@) o O
V12 ch ch _Vlz) ch
H+P,+ ==y, +p,+-- H-y. =" =+
29 29 29 29
V. =V = 1/2
=Vesloy STy e o _2H
VS =0y, 2 3
10.6.3 Broad-Crested Weirs (Continued) @) O O (@) O

3/2
Q=by,V, =by,V, =by,(gy.)"* =bygy?* — Q=b\g @ H?

2\% 0.65
Q=C,by [7) H¥? Cp=—t
2VO| 3 " (L+H/P, )
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
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Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 10 Open Channel Flow (Continued)

10.6.4 Underflow Gates

q=Cyay/29y,

O |0 |O O |O

10.7 Chapter Summary and Study Guide
N/A

Chapter 11 Compressible Flow

11.3 Categories of Compressible Flow

r:(t_twave)c Sina:gzi
V. Ma

11.4.2 Converging-Diverging Duct Flow
2 1/k 2 2
Lkzconstant:pfﬁ dp+d[V]:0 Po__dp +d[vj:0 k(po_pj_vzo
p P

: 2 pe (p) 2 k-1\p, p) 2
VZ
2 (T - )——=0 v v 2
R X N ho—[h+vzj—0
hz—h1=Cp(T2 _Tl)
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Engineering Subject: Fluid
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1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 11 Compressible Flow (Continued)

11.4.2 Converging-Diverging Duct Flow (Continued)

=0528 p*._,=0.528p,.,

N
;c\'o
Ne—
VR
D |
N—
I

-
VR
'c"o
e *
N
>

J—‘l

2

]

k/(k-1) * *
1 } T2 (T] -0.833 T*_,, =0833T,,
]Ma2 k=14

o:{1+[(k—1)/2

=]

l_; [pj(poj_T (pJ_[TJk/(M)
T, 1+[k-1)2Ma®> \p, N o) T, Upo) |To
r__ 1
T, 1+[k-1)/2]mMa? b 1 Ki(k-1)
) L k/(k-1) - pgz{h-[(k—l)/z]l\/laz}
P ) (T
T 1 po_{l}kl(kl) p*_(zjkl(“)
T 1+[(k-1)2]Ma’ p |1+[k-1)2Ma’ b lk+1

0|0 |O O |O
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale

(Score of Importance from
Least to Most)

Comment

1 2 3 4 5
Chapter 11 Compressible Flow (Continued)
11.4.2 Converging-Diverging Duct Flow (Continued) o) ®) ) o) e)
p* ,D* T 2 k/(k-1) K+1 2 k/(k-1)
P[P | Lo BRI P
R )
p=pRT [”*J =0.634 pAV = p* A*V *
p* ( 2 ki) N Po Jiaa
Po _(k+1j A(p*J(v*) V*=JRT *k
.2 A* \ p AV ) v =MaJ/RTk
To kol A1 (p*Y ) [THT)
A* Mal p, \ p T/Ty
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Engineering Analytic Topics & Typical Formulas Likert Scale Comment

(Score of Importance from
Least to Most)

1 2 3 4 5

Chapter 11 Compressible Flow (Continued)

11.4.2 Converging-Diverging Duct Flow (Continued) o) o) O O O

I ST (RN SRR b SO
o 1+[k-1)2]Ma® p, |1+[k-1)2]ma? T, k+1

+
R AN
pe \T*\p, ) k+1 2 ) \k+1 A* Malp, \ p \ T/T,

A_L {1+ [ ~1)/2)va’ }“*””““”

—|‘_|

X

A* Ma

1+[(k -1)/2]
11.4.3 Constant Area Duct Flow O (o) (@) O O
N/A

11.5.3 Normal Shock Waves

pV =constant p+ pV? =constant p+ = constant

(oV )’ RT
p

v 2, vov
h+v7:h0:constant h—ho=c,(T-T,) p=pRT

242
T (pv)sz _T, =constant Pr = Pr [ Pa} Py lrk P Lk
2cpip /Ri p. \P.Ap.) P. 1+kMaZ p, 1+kMa

X
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Engineering Subject: Fluid

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 = Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 11 Compressible Flow (Continued)

11.5.3 Normal Shock Waves
(Continued)

P, _t+kMaz P, (P Y p*) p_ 1 [ (k+p2 |
p, 1+kmaZ p, (p*\p, ) p* Ma|l+[(K-1)/2]ma

NE VP kvE

V2= V2 =—=—_=kMa?
px+px X py+py Y p RT RTk a
T, _1+[k-1)/2mai b, (T, Py
Tx 1+ [(k - 1)/2]Ma§ px Tx px
T
T, (k+y)2 PN, =pV, F)Y_(TVJ[://XJ
T, (T,YT*) T* 1+|k-1)/2]Ma? P LAYy
e e oo 1/2
T \T*AT. ) 1, (k+1)2 Py (Ty Ma,
T* 1+[k-1)/2]Ma? p, \T, Ma,

p, [1+]k-1/2Maz|" Ma,
. |1+[k-1)2Ma’|[ Ma

o Mag+[2/k-1] Py _ 2%k o k-1

y

VU [2k/(k—1)MaZ -1 p, k+1  * k+1
Ty, _ i+ [k -1)/2ma? jok/(k - )jMaZ -1

T, {k+17 /2(k - )Ma?

0|0 |O O |O
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Engineering Subject: Fluid
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Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

Comment

1 2 3 4
Chapter 11 Compressible Flow (Continued)
11.5.3 Normal Shock Waves (Continued) o) o) o) O
oy Vo Py _(PyYT) Py Vo (k+DMay
P vy oo AT, ) oV, (k-1)Mal+2
K/(k-1) k/(a-k)
mMafj (1+EMaf)
Poy [me[p] Poy _\ 2 2
Pox | Py AP N Pox) Pos ( 2 a2 K —1j”‘k‘”
k+1 k+1
11.6 A\?alogy be\}ween Compressible ?/nd Open-Channel Flows o) O o) o)
Ma=— Fr=—% ¢ =./gy Fr=—% pAV =constant
c Jay e
ybV,_ = constant ¢ = +/(constant)kp**
11.7 Two-Dimensional Compressible Flow o) o) o) O
Vi =V
1N1/,2 Chapter Summary and Study Guide o) o) (o) o)
Chapter 12 Turbomachines
12.1 Introduction O O
N/A
12.2 Basic Energy Considerations o) o)
V=W+U U=ar
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Engineering Subject: Fluid
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Engineering Analytic Topics & Typical Formulas Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 12 Turbomachines (Continued)

12.3 Basic Angular Momentum Considerations oOlo|lolo |o
SExF)=] [FxV)oV A dA Ty = (0V,,)+ -, (V)
M=pQ Wy =Tye@ Wiy ==, (U 1V()1)+ —m, (U 1V02)

Wshaft
2 2 2
Wohatt = m Way = UV +U NV, V7=V 4V

VZ U2 -W?2 V7 V2 +UZ -U? W -w?
VX2+(V9—U)2:W2 V,U = 5 W = 2 1 2 2