Tuesday, April 5,2016  11:13 PM

Week 2

Learning Goals

By the end of this section, you should be able to:

* Describe the difference in perspective between
engineers, scientists, and technicians

* Explain the operating principles of an RC servo
motor

* Evaluate and refine several candidate concept
designs by applying an engineering perspective

* Describe the elements of risk, and how risk
affects decision-making in an engineering
project

Briefly explain how engineers and scientists are related/connected,
and how engineers and technicians are related/connected.

. + Engineers devise the solution, technicians implement it
Engineers &|. @oth prototype, tinker, and arpl'g practical skills, (but
technicians| engineers alse apply analytical skills)

Engineers
& scientists

Briefly explain how engineers and scientists are related/connected,
and how engineers and technicians are related/connected.

ks,

; + Engineers devise the hnicians impl t it
Engineers & 1. goth prototype, tinker, and arp[@tal skifls, (but
technicians|  engineers also apply analytical sk

+ Discovery vs application: Scientists are involved in the
discovery of new scientific knowledge; Engineers apply
Engineers| scientific knowledge to create new thi
& scientists |* “Stientists study the world as it is, engineers create the
world that has never been”
+ Both require fluency in math and science, (but engineers
also apply math and science in practical ways)

Servomechanism Components

pololu.com

Motor Gears
Position sensor Electronic control system
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What is the “Risk”?

“The chance of that incidents or damages occurring”

i.e.

Potential severity
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Risk Matrix
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Risk Assessment and Reduction Strategy

* |dentify the incidents
* Evaluate the risks

* Design control measures required to eliminate
or reduce risks to acceptable levels

Week 3

Week 3 - Engineering Drawings - Projection

Learning Goals

« Describe what is meant by “projection” in the
context of engineering drawings

= Explain how isometric and orthographic
projection drawings are produced, and the pros
and cons of each

« Explain why hidden lines are used in
orthographic drawings

« Interpret isometric and orthographic drawings

Week 3 - Engineering Drawings - Projection

Isometric Projections

« Vertical lines on the
object are vertical on the
page

* Horizontal axes on the
object rise at 30° on the
page

* Equal distances along
each of the axes on the

object are equal onthe  the choice of three

page dimensional view that
is visible on our
two-dimensional plane
is known as Projection.

@o

Week 3 - Engineering Drawings - Projection

Isometric Projections

30‘l 30°

* Vertical lines on the
object are vertical on the
page

* Horizontal axes on the
object rise at 30° on the
page

+ Equal distances along
each of the axes on the
object are equal on the
page
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Week 3 - Engineering Drawings - Projection

« Parallel lines on the object
are parallel in an isometric
projection

% Isometric

Perspective

‘Week 3 - Engineering Drawings - Projection

Which of the following are NOT advantages
of isometric projection? (select all that apply)

The use of common angles across the drawing make it easier to draw
' Perspectives are accurate and undistorted
30 sbjects can be represented in 20

Scalar measurements can be made directly from drawing

Vieek 3 - Engineering Drawings - Projection

Sketching Isometric Projections

1. Lightly sketch an enclosing box
2. Draw the shape inside
. Erase the enclosing box

SR

Week 3 - Engineering Drawings - Projection

Orthographic Views

> ]

i1
' ©

We generally show Orthographic View by Front, Top and one of the Ends

Week 3 - Engineering Drawings - Projection

Orthographic Views

—
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Cons:- We do not know how deep the hole is.

Week 3 - Engineering Drawings - Projection

Orthographic Views

D

j S

S

=
| 7

(

©

The way we address this issue is to show hidden lines these are shown using dashed line and
they reveal features inside or on the back of the part that would not be visible to the eyes

Viask 3 - Engineering Drawings - Projection

Orthographic Views

—

5

—

Circular features or cylindrical features are usually identified by center marks and center lines

Center line relates to cylindrical features
Center Marks for circular features

VA

A 5
(}(/I

Wi O
& >

=

Engineering Drawings - Layouts and Dimensions

Learning Goals

* Describe what is meant by “Third Angle
Projection” and be able to arrange orthographic
views in accordance with it

* Describe what a “title block” is and how it is
used on an engineering drawing

* Describe the standards of dimensioning
engineering drawings and identify dimensioning
errors

Engineering Drawings - Layouts and Dimensions

“Third Angle Projection”
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ginearing Drawings - Layouts and

This of views, |

with TOP VIEW above and
the RIGHT END VIEW to the

right is known as "Third
Angle Projection.”

Engineering Drawings - Layouts and Dimensions

A title block is contains all the vital information about what this part is and where
this drawing came from.

APSC 101 & Co. A

TME

Component for showing
drawing layout

APSC-M5-W3

[ SHEET 1 OF 1

Things Found Common:
- Drawing Name
- A number for the drawing
- Arevision Number or Letter
- The Drawing Scale

- Who prepared the Drawing and Who Checked it

- Units and Precision of Dimensions

Engineering Drawings - Layouts and Dimensions

:

Dimension

Engineering Drawings - Layouts and Dimensions

Dimension line
96 /

Final Notes Page 6



- Layouts and

96 Extension line
[ "|l/

Engineering Drawings - Layouts and Dimensions

Extension lines come
close to, but do not
touch the object

Engineering Drawings - Layouts and Dimensions

—

9 _—
= _Extension lines may cross

I &

Engineering Drawlings - Layouts and Dimensions

Do not place dimensions
inside object

Engineering Drawings - Layouts and Dimensions

I

It
.
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Place dimensions
between views, where
possible




ings - Layouts and Di

Do not show
2 redundant dimensions

98 40

43

Engineering Drawings - Layouts and Dimensions

40

Do not show
redundant dimensions

96

63

Engineering Drawings - Layouts and Dimensions

Dimensioning Guidelines

* Do not show redundant dimensions
* Do not place dimensions inside the object
* Place dimensions between views, when possible

* Dimension the view that most clearly shows the
feature

* Extension lines may cross, dimension lines may
not

Use of Each Type of Projection

* |lsometric
= Conveys shape in a way that s
generally easier to understand
= Very appropriate in conceptual design

* Orthographic
= Provides additional views and reveals
“hidden” features

= Very appropriate for dimensioned

drawings 1— @_ljﬂ

Week 4
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Helpful feedback is:

Descriptive, not judging
Specific with enough detail
Honestly given and viewed as
credible

Expressed in terms of receiver’s

needs

Given in a timely way
Wanted by the receiver
Usable and can be enacted

Week 5

Module 6 Week 1- Engineering and Sustainability

Learning objectives:

By the end of this video, you should be able to:

.

.

Define sustainability

State the three imperatives for sustainability
Describe the drivers for sustainable
development

Explain engineering waves of innovation that
influence society

Module 6 Week 1 - Engineering and Sustainability

Drivers for Sustainable Development
* Population growth

GROWING POPULATION
Years when world population reached increments of 1 billion

7 billion (201
6 billion (1999)
5 billion (1987) /
4 billion (1974) o

1 billion (1804) 3 billion (1959) .
./
2 billion (1927) ././

Years to add one billion people 123 2 153 2 R

Moduls & Weak 1 - Enginaering and Sustainability

Drivers for Sustainable Development

* Increasing per capita consumption

United States Per Capita Energy Use
40

Module 6 Week 1 - Engineering and Sustainability

Definition - Sustainability
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Definition - Sustainability

“Sustainable develoj 1t is develop t that
meets the needs of the present without
compromising the ability of future generations
to meet their own needs.”
(http://www.un-documents.net/ocf-02.htm].

Module 6 Week 1- Engineering and Sustainability

Summary: Definition of Sustainability

“Meeting the needs of current and future generations

through a simultaneous achi of social
develop , envir | protection and economic
prosperity.”
Economy { Environment
Society
\, /
>

Module 6 Woek 1- Engineering and Sustainability

Waves of Innovation
[ \..\'avc

' Sustainability,

! Resource
5™ Wave | productivity,
Whole System
Design,
Biomimicry,
' Green Chemistry,
Industrial
Ecology,
Renewable
Energy, Green
Nanotechnology

Innovation

4™ Wave

2" Wave

1785 1845 1900 1950 1990 2020  Time

Waves of Innovation - Sustainability

eth weer
7

Waves of Innovation

78
e UBC Eng

Water for Sustainable Development — The
Societal |mperative >recd

* Access to drinking water - g y&
quality
* Access to sanitation — more people die
due to a lack of sanitation than to a lack of
access to clean drinking water
Water is essential for food production -
Approximately 2/3 of the water that we
consume directly or indirectly is related to
agriculture (e.g. the production of 1 kg of
beef requires about 2,000 L of water)
Poverty: Access to water is essential to s
reduce poverty, - MORE than this: poverty
results in pollution and unsustainable use
" :9' water
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Water for Sustainable Development — The
Economic Imperative

* Water is an essential resource
for the production of goods and
services
Water supply (infrastructure)
has to be reliable to reduce risks
from water scarcity & water
related disasters thereby
supporting a financially
sustainable economy
* Neglectful water management
such as deforestation results in
degradation and desertification
of watersheds and catchment

areas
= UBC Engincering

Water for Sustainable Development — The
Environmental Imperative

* Climate change has a ed with
substantial effect on water Nitrogen
related issues

* e.g. melting of arctic
ice
* Acidification of oceans

* Loss of species due to lack

of access to clean water Blue-green

Eutrophication due to /igai Bloom

wastewater and Fertilized with

agricultural run off Carbon, Nitrogen
& Phosphorus

- Phosphorus is crucial for food production -- essential fertilizer!
- Phosphorus is an ending resource!

Phosphorus Recovery

3 AGRicuLTURE
CHYSTAL GHEEN®
i

B T e P e —

Week 6

Module 6 Week 6 - Sustainability and Engineering Design

Learning Goals

By the end of this video, you should be able to:

* Describe the engineering design stages that can
be informed by sustainability

* Explain what is meant by “the systems
approach” to engineering design

* Describe an example of a systems approach to

\ engineering design

Module 6 Week 6 - Sustainability and Engineering Design

Sustainability and Engineering Design

Generate
potential solutions

Study and
clarify problem

Identify most
promising solution

Develop and
test solution

and Implement
vise solution solution

Problem

Construct or detail the final solution.
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Module 6 Week 6 - Sustainability and Engineering Design

Work in the early stages of the design process is
inexpensive, but it ¢ its future spending. Take the
time to get the early parts right!

Design stages (general flow)

Cost (money,
your time,
resources,...)

Module 6 Week & - Sustainability and Engineering Design
When should sustainability be considered within the
design process? Please select the best answer.

Dwring the early stages of the design process.
During the final stages of the design process,

@) During the early and all following stages of the design process,

bility should be considered particularly following the design process
- i during operation.

Module & Week 6 - Sustainability and Engineering Design
Which of the following are benefits of considering and

implementing sustainability throughout a formal
design process? (select all that apply)

| More likely to get a better final solution

Fewer design cycle iterations

More likely to implement the concept of sustainability into the project at
lower costs

Likely less complex problem solving

ustainability

= Sustainability is about relationships, not objects

= Itis a property of systems, not objects
= 1t is dependent on context, space, and tin

= Sustainability is the primary driver of vall

Learning Objectives

* Describe the steps involved in applying the systems
approach

* Explain why the Systems Approach to design is an
integrated process

* Briefly explain the term “Water distribution
system”

* Define the term “resiliency”

BC
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Systems Approach to Engineering Design
The Systems Approach Design Process

Design Process Stages / Actions
= Step 1 Goal Setting: Establish  Mapping the
Design Context performance criteriaof  System: Identify
final design boundaries, objects,
interrelationships
Optimizi
> Step . K' I y bi 5 o t " th'e' ki
nowledge: stem: ti
Network Scale dg combine ! reposition key
. all data, identify key elements in optimal
Analysis points way, considering
systems approach
= Step 3 Evaluating &

Iterating: Check
results against goals
and iterate as
NEcessary

Three Pillar Impacts

How does the Systems Approach Map

onto the Engineering Design Process?

Optimizing the
System: reposition key
glementsin optimal

Generate [ Way, fentify most
potential solutions B 2 romising solution
Synthesizing
Knowledge: combine
allidata (dentify key N/
Study and D% Evaluatil velop and
clarify ¢ M‘;p‘n‘“ Iteratin; t solution
5 * Identify results agal
b:sundarm, objects, and iterate,
integrelationships
A
Goal Setting: Establish Review and Implement
performance criteria of t solution

final design
Systems Approach to Engineering Design

The systems approach to design is integrated
because the process aims to:

consider all aspects of the object — including its
influence at different scales of systems
evaluate the object design options within the
context of the design, and respecting the
systemic impact of the design at different scales
and over time

include all stakeholders in the important design
decisions

Defining Resiliency

The ability of a system to absorb
disturbances while retaining the same
basic structure and ways of functioning,
the capacity for self-organization, and
the capacity to adapt to stress and
change.

(adapted from the Intergovernmental
Panel on Climate change)

Summary

Sustainability to be considered in first stages of the
design process and during all of the following stages

The systems approach is key to making sustainable
design decisions (“an object cannot be sustainable”)

Resiliency is a characteristic of a healthy system. This is
achieved if sustainability is considered in all stages of
the design process AND also after implementation (i.e.
during operation)

Week 7:
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Resiliency is the ability of a system to absorb disturbance while
retaining the same basic structure and ways of functionioning,

Resiliency is the ability of a system to absorb disturbances and retain its basic structure
and ways of functioning, the capacity to adapt to stress and change

Resiliency is the a abilty of a system to absorb disturbances and retain it basic structure
and ways of functioning, the capacity to adopt to stress and and change

Resiliency is the abilty ofa system to adopt to disturbance while retained it s basic strucure
and way of functioning



M6 W7 - Assessing for Sustainabllity

Learning Goals

By the end of this video, you should be able to:

* Explain the difference between environmental
assessment and assessing for sustainability

* Define Life Cycle Assessment (LCA)
= Explain the applications of LCA

* Describe the Stages of a life cycle

* Describe the stages of LCA

ME WT - Assessing for Sustainability

Assessing for Sustainability
(Environmental Assessment?)

Sustainability Goals include:
Eco-system well being (envir t) & F well being
(society & economy)

# Not about trade offs - human versus eco-system (in large/overall
scale, trade offs might be necessary in smaller scale)

# Positive contribution, not mitigation of adverse effects
# Much fuller recognition of benefits that results from activities
or projects
#» Bar set higher

Assessing sustainability means more than environmental
assessment.

Definition Life Cycle Assessment (LCA)

Life Cycle Assessment (LCA) is a tool for the systematic evaluation
of the environmental* aspects of a product or service system
through all stages of its life cycle. LCA provides an adequate
instrument for environmental decision support. Reliable LCA
performance is crucial to achieve a life-cycle economy. The
International Organisation for Standardisation (150), a world-
wide federation of national standards bodies, has standardised
this framework within the series ISO 14040 on LCA.

ME W7 - Assessing for Sustainability

Application Life Cycle Assessment (LCA)

The ions of the of a LCA depends on the

Proactive [early design stage) — design for sustainability:
* Design recommendations
* G rison of different

Best current practice (design finalized):
* Suggestions regarding best practice for existing system -
[ [ (in case of Lca)

M6 W7 - Assessing for Sustainability

Stages of Life Cycle

Acquisition and
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Stages o LER

l - Stages of LCA

Iewsentary analysks - this s
the acnsal data enbectien

—— - -

. O erme wets

Stages of LCA

3
Impact assemsment - the
Impects of pertsin axpects

dered are being

. e O ermv | moms

ME W7 - Assessing for Sustainability

Which of the following aspects is considered to a
greater extent when assessing for sustainability than
during an environmental assessment?

Mitigation of adverse effects

Tradeol COrrect | well being

- That's night! Assessing for sustainab ity |5 mane about positwe

@) Positive]  contsbutioes. Consideming the 1 T surstainabiley. it provides o
much fuberrecogrition of benefits that results from ceam activies or
prapes

| Continue

Life Cycle Thinking
ek Society: Social Life Cycle

Incineration and Assessment
Landiling ‘Extraction of

\,7 ,mnmu;\

Recydling of
- Matorials and Components  Design and

e /
Economy: Life Cycle \ edosmsdEnvironment: Life
Costing o Cycle Assessment

The life cycle of a car

1 | Use | End-ollile

g
s 1000

]
B B T I

{

- Function of the car = moving people
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LCA — Step 2 The Material Flow Inventory

SUOLUIAIBIU| [BJUBLLILOIIAUTY

System Boundary

Step 3: What are the IMPACTS of the car on
human health, Ecosystem Quality, and

Resource desleian

2

e

U0|100104d jO SERIY

Sustainability Issues relating to Life-
Cycle Thinking

Shareneider value
Contributien 1o GOP

Path and safsty  Cuslomar satisfaction

Wapes and benefis

Learning Objectives

* Describe the 4 steps in an LCA

+ Define the role of the functional unit in an LCA

+ |dentify an appropriate functional unit for an
LCA

* Describe the difference between an SLCA and an
LCA

Week 8:

Appropriate Technology

Learning Goals

By the end of this video, you should be able to:

* Explain the concept of Appropriate Technology
* List common features of Appropriate Technology

* Explain the importance of community for
Appropriate Technology
* Explain the main objective of Res’Eau Waternet
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Appropriate Technology

Appropriate Technology Attributes

Common attributes of appropriate technology:

.

.

Small scale, decentralized

Energy efficient
Environmentally sound

Locally controlled

Simple & sophisticated technology

Appropriate Technology

Appropriate Technology - Approach

Appropriate technology = approach:

Appropriate technology considers context
Social w\‘\w\')‘(&éﬂn
Economic constraints

Environmental constraints

Bottom up approach - Design for and with the community
Often, local people understand their needs better

# Planners and developers need to include local people
meaningfully

Appropriate Technology

Water treatment for small, rural and remote

communities in Canada - Technology

Simple high tech / advanced technologies: N 0 \/
T \&-
Example: Novel Technology - Vacuum UV v

UV light at very low
wavelength —i.e. high energy
Ability to remove (oxidize)
contaminants

Ability to disinfect the water
Simple, robust process,

Does not require chemicals
Cost effective at small scale

e B

.

Appropriate Technology

Water treatment for small, rural and remote

.

communities in Canada - Technology

Simple high tech / advanced technologies:

Example: Advanced Technology - Membrane Filtration
—_—

* Membranes: filters with very small pores -

absolute barrier for contaminants and pathogens
Very robust process

Well suited for small system

However, usually quite complex

Water treatment for small, rural and remote

communities in Canada — Community

Community involvement:

Design for the needs of the community — design for and with

the community
Social, economic, environmental constraints

Relationship important for success (empathy, trust)

Relationship and involvement to be continued during

implementation stage and stage of usage
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What is the most important aspect for appropriate
technology being successful?

Simple design
Small sc

Correct
Low cap

That's right! There are cammon attsutes to appropriate technology.
Howeyer, techinalogical requirements vary from case to case. The mozt
rgRTANT JSpRt IS The EOMMUNILy Evelvemens - i &, desgning with g
far the commmnity.

@ Bottom

Continue

What makes ‘inappropriate’ technology fail in rural
areas or in developing countries?

People do not know how to use the technology

The tech

Correct
The tech ntitis
impleme¢  That's right! The technology is not designed for the neads of

the user and/or the environment it is implemented in,

Otherwise, the chanca of long term success is low.

|  Continue

What can be used as an indicator for the problems
related to the supply of high quality, safe drinking
water in small, rural communities in Canada?
@) Freguent boil water advisories

Addiion  COTTECE

That's right! Frequent boil water advisories
indicate that the treatment is insufficient to
supply safe drinking water on a regular basis.

Continue

Mo filtra:

Water re

During which project stage is community involvement
of great relevance?

Design stage

Impleme
Correct
Impleme
That's right! Community involvement is crucial
@) Designs  during all stages - design stage, implementation
stage & stage of usage.

| Continue

Learning Objectives

At the end of this class you should be able to:
Describe what sustainability means in your own
words

Explain RES'EAU’s structure for transforming
ideas into impact

Explain the community circle approach and how
it is connected to stakeholder engagement

List 2 criteria that you want to consider in your
M7 design project

wUBC Engi

Q2. Appropriate technology is often designed in a
way that ensures that community members can
maintain and repair the technology. This most likely
increases... (choose the best answer)

A. Cost
B. Resiliency
C. Stakeholder engagement
D. Energy usage
0. Related to their water treatment, community members talked about the lake where water

15 withdrawn, alternativa water sources and the communitios neads? Which of the concepts
taught in M6 did they apply when daing sa?

A Drivers of sustainability
B.  Systemns approach

€. Life cycle approach

D, Waves of innevation

uBC

oy T
Ll
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Q3. How can you best study the behaviour of a complex
system?
A. Study the behaviour of each object of the system - the
system behaves like the sum of its parts
B. Look for changes in behaviour of a large amount of objects
—changes in behaviour of the majority of the objects will
cause the system to change
C. Look for patterns/rules that are responsible for the
interactions between objects
D. Study in detail the characteristics of one object — detail
matters

Module 6

Week 1-Engineering Achi ts and Sustainability
Sustainability defined, drivers for sustainability,
engineering innovations and achievements

Week 2- The Systems Approach to Engineering Sustainability
Sustainability and the engineering design model,
systems thinking, resiliency

Week 3- Life-Cycle Thinking in Engineering
Assessing for sustainability, Life cycle assessment
(LCA)

Week 4- Appropriate Technology
Appropriate technology, stakeholder engagement

Module 7

Week 1-Stakeholder Needs to Design Criteria
From the needs of stakeholder to design tools.

Week 2- Virtual Prototyping and Modeling
Using virtual prototypes and data to make design decisions
and model system level performance.

Week 3- Physical Prototyping and Modelling
Conducting experiments to understand the effects of design
parameters and help with system design.

Week 4- Acting like an Engineer
Justifying and supporting decisions and making pi
Week 5- An Engineer’s Role in Society

Making engineering decisions and the Engineer’s position in
society. Competition and Course Wrap up.

Areas of Focus: Module 6

Systems

Thinldni I

Themes

RES LAY

AT

Communities| ¢ B 4 ch, Sl e, )
J N PRt | RESEAU

bt

Week 9:
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APSC101-M7-W9-Online 1 (Attributes and Satisfaction)

Learning Goals

By the end of this video, you should be able to:

* Describe the difference between requirements,
objectives, attributes, and design parameters

* Explain how attributes relate to satisfaction

* Describe the general shape of common
satisfaction curves

- Stakeholder (WANTS AND WISHES) are Needs

- Job of an engineer is to translate these stakeholder needs into target design
specifications

- Looking at the list, some of the items are features that are either present or not, such as
whether the laptop has a standard keyboard. These will become the requirements.

APSC101-M7-W9-Online 1 (Attributes and Satisfaction)

Is not too expensive

Has lots of storage capacity
Has long battery life
Has a fast processor
Has a large screen
Is durable

Is not too big

[Has a QWERTY keyboard
Has a USB 3.0 port

Has an SD card reader

- How well a solution addresses the needs are the OBJECTIVES.

APSC101-M7-W9-Online 1 (Attributes and Satisfaction)

~

(Is not too expensive

Has lots of storage capacity
Has long battery life

Has a fast processor

Has a large screen - Ta
Is durable

Js not too big

Has a QWERTY keyboard
Has a USB 3.0 port

Has an SD card reader

Has a microphone

Review: Target Design
Specifications

e

Target Design Specifications

Requirements
* “Must haves”
* Pass or fail

Objectives,
* Differentiate based on levels of performance
* Describe stakeholder satisfaction

Regquirements:
- are the much have features or parameter values for a design to be considered

acceptable.
Objectives:
- is i using the
- are used to di iate between per that is barely that is only
just meeting any it qui - and per that is
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APSC101-M7-W3-Online 1 (Attributes and Satisfaction)

What is the name for the necessary features or
performance thresholds that must be met for a design
to be considered acceptable?

Attributes

Criteria|  COrrECt

Needs That's right! The necessary features or
performance thresholds are the “requirements”.

Qbjectiv

paramal Continue

@ Requirements

Target design specifications

What is the name for the statements that characterize
the wants and wishes of stakeholders?

Attributes
crir  Correct

®) Nee That'srightt Stakeholder wants and wishes are
the needs.
Obj

Continue
Par

Requirements

Target design specifications

Which of the following is the most vague or subjective?

@) Requirements

obj Incorrect
You did not select the carrect respanse. The
“needs” are expressed in stakehaolder language

and are generally vague,

Continue |
e

What is the name for the collection of requirements
and objectives?

Attributes
crir Correct

That's right! Requirements and objectives

Hed together form the target design specifications,
Par
®) Tar) Continue
Engineer Stakeholder
Design \e*‘%(
parameter Product T
values attributes ((E
e
+ Case material '\V"\{: . Cost 7? Aad
+ Type and capacity \d,l)‘ - Mass
of battery ¢ : Size
* Capacity of storage v/ \/\/\)
o
\Da(&\l"‘ekw
Satistaction Curves
oF
g
]
Artribute

Satisfaction Curves:
- They represent Design Objectives

- x-axis is the attribute (THIS IS SOMETHING IMPORTANT TO THE STAKEHOLDER)
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-y -axis is satisfaction sometimes depicted with a smiley face. It is something we are
trying to maximize, all other things being equal. It ranges from 0 to 1 or 0% to 100%

- The satisfaction curve provides a means by which to quantify performance in an
Objective from the target design specifications.

Satisfaction Curvs Nate
Examp

g
:
-]
Storage Capacity
i Minimum Storage
d Y002 A (Requirement)
curve like o sightly
Key Satisfactien Peints
‘W need 0 ry to Quantify
row e satisfaction:
charges based o
< The mast storage Id
2 ever reasanably want
g
= x
= Abaut what |
@ aupact to use
X
The least I'd ever
expect 1o need
- Starage Capacity
there will e a paint in the
mididle somewhere that
usually coe nds to
gy what the user
weuld expect to use
Estimation of Satisfaction Curve Values
c
o , “The most I'd ever
E 1 reasonably want™
B 5
n | “About what
ﬁ ; 1 expect”
v i X
 “The minimum |
| con live with” ;
2 a— - !
A Attribute ey
BuiMing a Sotistaction Curee
e vl ity see same
c
£ bevond uer's nesds
i = 1008
&
_____________________________ 0%
25668 118
"
Buslicrms Lisir's s Storage Capacity

In designing a car with an internal combustion engine, an
engineer is able to choose the capacity of the fuel tank. This
influences the range of the car between refueling, the cost to
refuel, the size or layout of the car, the weight and handling of
the car, and more, What does the fuel tank capacity most
likely rep’ :
Correct
Attributy
That's right! The fuel tank capacity is likely a design
Criteriod  Parameter since it is controlied by the engineer and is
likely not of significant interest to the stakeholder.

@) Design g

Need

Objective
Requirement

Target design specification
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Continuing with the car example, what does “cost to
refuel” most likely represent in this case?

@) arribury  Correct

Criterior  That's right! “Cost to refuel is likely an attribute -
something of interest to the stakehalders,

Design g
Nesd Continue
Objective

Requirement

Target design specification

Continuing with the car example, what does maximum
acceptable cost to refuel most likely represent in this
case?

Attributy
Incorrect
Criterior
You did not select the correct response.
®) Design Maximum acceptable cost is expressing a pass/fail

threshold. This is a requirement.

Need | continue

Objective

Requirement

Target design specification
The value where satisfaction reaches zero on a

satisfaction curve is often associated with which of the
following?

Attribute
Incorrect
Criterion
‘You did nat select the correct response,
Design § Minimum/maximum acceptable performance s a
pass/fail threshold. This is a requirement.
@ Need [ 1
Continue
Objective

Requirement

Target design specification

Which of the following best describes what satisfaction
curves are used to quantify?

Attribute

Correct
Criteria
That's right! Satisfaction curves are used to
Deslgnyf  Auentily the objectives.
Needs - - r
Continue
@) Objective®

Requirements

Target design specifications

APSC101-M7-W1-Online 2B (Spreadsheet Simulation)

Learning Goals

* Describe the relationship between exit flowrate
and water height for a tank with a submerged
nozzle

* Describe how to use a spreadsheet to model a
simple, time-varying physical system

* Use absolute and relative cell references in
spreadsheet and perform calculations with
constants
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Which of the following would be appropriate for the
units of Q?

oL
:..-_l Ls s i i
) Correct
) mis
) That's right! Q represents a valume flow rate
(Lm (volume per unit time)

Cantinue

For a tank with an outlet on the bottom, as shown,
how will the exit flow rate change if the height of
water, h, inside the tank increases?

@ itwilline  correct

() Iltwill stz That's right! Exit flow rate increases with the
) square root of height, h.
() Itwill de

Continue

[

For a tank with an outlet on the bottom, as shown,
how will the exit flow rate change if tank diameter is
increased? Assume Qin is adjusted to maintain
constant height.

) willine  correct
@) lwillstz  That's right! The flow rate out for a given height

. does not depend on diameter. Qout = A_nozzle*
() kewillde  (2*g*h)*0.5

Continue

| L

The following tanks all start with the same initial
volume of water. Which one will take the longest to
drain?

! Large tank diameter and  small nozle diameter

) Largeta LT

o~ That's right! The large tank diameter wil have a lower water he(ghe
) SMalltal  for the same vakime, which leads to smaller Qout. Smater neezle
dameter leads to smaller Qout, Qout= A_nazzle*(2*g*h1r 0.5

! Small tal

Cantinue
Two ar r

APSC101-M7-W1-Online 28 (Spreadsheet Simulation)

Which of the following spreadsheet formulas correctly
implements the following:

* Return a value of 1 when cell Al
o Return =~ ~lismmf A icdenim anll
equa[t Correct

is greater than cell

C 16 PP N

That's right! =iftA2<A1,1,-1) gives 1 when A1>A2
) =if(A2<=, and -1 otherwise.

=ifAT>A

| Continue

=if(A1<A2rvery

@) =iflA2<A1,1,-1)

Which best describes, in words, the cafculation being
implemented in cell B14 below?

The current velume will
be equal to the net flow

A -] [ o E F rate multiplied by a small
3 time step
4 Paamelers
510 aum The rate of change of
& Atank 000785 W

vohume will be the flow

7 d_noxle 0002 m e

& A _noede 31606 mA2 rate in minus the flow

L s rate out

0

1] Time | Volume | Helht | Gin | Cost | net ~, The volume in the tank is

. 1 R L 1) {04 a constant value

[ES ] oo oo a1 o0 01 |

= =41 4 01 o0 0o

52 ai [ o0 The change of volume

' o o o O will be the current

volume plus the flow rate
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Which best describes, in words, the cafculation being
implemented in cell B14 below?

The current velume will
'a) be equal to the net flow

. 5 c ™ P c ' rate multiplied by a small

3 time step

4 Parameturs

5D a1 m The rate of change of

6 Atk 000735 m'2 =, volume will be the flow

7 dposle 0002 m " rate in minus the flow

& A _noede 31606 mA2 =

o |t I 1l rate cut

0

1 Time  Valume  Height an et anet ¢ The volume in the tank is

EAN U dmml s s W Y 5 eanstant value

[ES ] a1 o0 01 |

14| =1 a1 00 0o

5| 2 ol 00 o0 The change of volume

- o o o will be the current
volume phus the flow rate
in

Which best describes, in words, the calculation being
implemented in cell B14 below?

The current volume wdll
= be equal to the net flow

A B c o : f = rate multiplied by a2 small
4 Parameters Correct
2 thange of
6 Atank 0L mavsrghtt This equation & saying the volume ashort time be the flow
)14 pole Iater is the volume at the current time plus the rate of hange of 1< the flow

8 Anome 3. yalumetimes the time interval (deka 1.

9 dt I

0

M Time Vol Continue In the tank is
LERN _value
30 o Lo I > S

| 01 00 00
1% 2 01 00 00 The change of volume
. == =, willbe the current
* volume plus the flow rate
in

Which of the following expressions require additional
constants to be included in order to make the units
consistent? (select all that apply)

WL =0QUsl*tis]
|h[m]=\| Correct

*’| VII=0 That's right! ¥ [I:] = [m*3/s] * t [s] should
actually be VL] = 1000*Q[mA3/5] * t[5]

| b fmm) =

Continue |

When does the water height in this scenario reach a
steady state value (constant)?

Correct
() When th :
- That's right! When flow rate out equals flow rate

. ) f e
() When th in, there is no change in volume.

O When th Continue
(®) When the flow rate out equals the Nlow Fate In

What best describes, in words, Step 3 of the 4
algorithm?

Note: in Step 1 the water height was determined from volume;
n Step 2 the net flow rate was determined; and step four
nvolved iterating back to Step 1

:_H The change of height is equal to the difference of flow rates

The volume is equal to the difference of flow rates

/@) Thevolume at the next time is the volume at the current time plus the
' change in volume

The volume at the next time is the volume at the current time plus the height

What best describes, in words, Step 3 of the
algorithm?

Note: in Step 1 the water height was determined from volume;
in S(CD 2 the nat flau rate was datarminad: and stan foyr

involved i correct
( i/ Thechal  That's right! The third step involved adding the

change in volume (Qnet * dt) to the current
Thevoly volume to estimate the volume a short time later,

® The volu Continue the

= change in

l:‘“; The volume at the next time is the volume at the current time plus the height
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If the flow rate into the tank is reduced, what happens
to the to the rate of change of height, assuming all
other parameters remain unchanged?

@) It becomes smaller [or more negative)

There is Correct

That's 'lghl! If the flow rate in decreases, the rate of '.heul,'e of
It dOes 1 yolume decreases. Since the tank area does nat change, the rate of
charge af height must become smaller [ar more negative).

It becom

Cantinue

Learning Goals

By the end of this section, you should be able to:

* Describe what design satisfaction metrics
(objectives) are and how they differ from
stakeholders needs

* Convert needs into satisfaction curves to
evaluate different designs

+ Estimate numerical values to use with
satisfaction curves, with defensible decision
making

Process of Generating Satisfaction Curves

Stakeholder » ©

Needs ldentify most
important

attributes N J
Y

Satisfaction Curves come from:

1 1
il Attribute 112

*  Stakeholder +  Maodelling

interviews * Research
+ Stakeholder  + Other resources
ohservation

Estimation of Satisfaction Curve Values

, “The most I'd ever
1 reasonably want™

“About what :
H 1 expect” H
x

©
Satisfaction

{*“The minimum |
| can live with” ;
2 a— !

A Attribute 2

Explanation and Assumptions:

Satisfaction

~0%
-Wl:m Range [km] 500 km

* Based on common trips around Greater Vancouver Area
+ Data Source: Google Maps

* Minimum satisfaction:
= Refuel after a single short return trip

* Full satisfaction:
* Range that allows for long trips in the area without refuelling

Week 10:
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APSC101-M7-W10-Online 1

Learning Goals

* Describe the relationship catchment area,
rainfall, and flowrate into the storage tank

* Describe how to use a spreadsheet to model
water collection in the rainwater harvesting
system

Rainfall is often described in terms of height. How
should the dimensions of rainfall actually be
measured?

@) Volume per unit time, per unit area

volume  Correct
Area That's right! Rainfall measures the volume flow
rate for a unit area
Area per
Continue
Volume

If the catchment area is doubled, how does the inflow
to the tank, Qin, change?

It more than doubles
@) tdouble  Correct

That's right! Double the catchment area doubles

Ha chan
the volume captured.
It halves

Continue
It mored

If the following glasses are leftin the rain, and if all have equal
volume, which glass would fill to the top with rainwater first?

Note: if the volumes are equal, the glass sizes are not shown to
scale.

Correct

That's right! The glass to fill first is the one with
the largest ratio of tep diameter to height,

220003

For the same scenario, which glass would fill to the top with
rainwater last?

Note: the volumes are equal - the glass sizes are not shown to
scale.

Incorrect

You did not select the correct response. The glass
to fill last is the one with the smallest ratio of top.

diameter to height

- Rainfall is usually measured in units of height per time

- They say "10mm of rain are expected overnight" but what is really meant here is that
there is a Volume flow rate of rain per unit area. ---> Volume flow rate of rain/ Unit Area

- Analogy :
If we put out 2 open containers into the rain, one container that is wide another that is

narrow, they will both fill with rainwater to the same height for a given amount of time.
The difference is the wider container will have more total volume.
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APSC101-M7-W10-Online 1

The Module 7 simulation will be based on what unit of
time? (i.e. what is the temporal resolution of the
simulation?)

) Minutes
() Hours Incorrect
) Da You did not select the correct response. You will
. Days
) model rainfall, inflow, and outflow on a per day
basis.

() Weeks
() Months Continue

| Years

In the simulation, when computing the volume based
on Q. the formula was modified from *=D13+C14" to
"=D13+C14*1". What was the "*1" for?

) Itindicates in Excel that the formula is going to be copied

(@) it represented *1 day” as a reminder that C14 was in m*3/day not in m"3

() it converted the data in C14 from text to a number

() itforces C14 to be a relative reference

A B C L] I

& Roof width w m

7 Reof lergth B 12m

& Catchment area Ac E

@ Initial vohume  Vin a3

1

1 Date Daily Rainfall oin Valume

2 I [mm] [mn3/day] Im*3]

] Mar 1 12 0.115 0115
" Mar 2 52 0.489

5 Mar 3 18 0173

APSC101-M7-W10-Online 1

Pasourois
What formula should be entered in cell D14 to
compute the volume for Mar 27
@) =D13+C14 A B < ]
n
() =bg13+;  Correct n
p | Thatsrightt Theval MayZisthevakime onMay 1013 |
) =C#D1: ﬂmkhmhm:ﬂ\';::r:::nI::yzlsltldjvfm::::du:.knn(l n"3
day, not shown siNce C14 15 In urits of valume par day}
() =csa+ Volume
G [m*3]
) =C3eC14 m‘ 0.115
el Ay L TR
| =CsEeD13eC14 15 Mar 3 18 0.173
' 16 Mar 4 80 0.768
17 Mar 5 16 0.154

® Mar & 10,6 1018

In the simulation output, why did the stored volume
only increase?

() The tank had infinite volume

() Daity rair

B Correct

(@) Therew,
That's right! We did not model the flow out of the
tank.

Continue

Fainfall jmmL S%ore

I|-|||-_ o

Mar 22 Mar 24
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What factors were identified in the video as things that
were not considered in this simulation but will be
important for your simulation? (Select all that apply)

Meedto  Correct

Need to That's right! The two main parameters are how much
Waler can we store in our tank (wihen is it full) and how
Meed to much water is consumed {what is the outflow)

+| Need to | Continue
Sk el

+| Need to consider the maximum tank volume to determine when it is full

Volure _ aeph s gt
D‘/gox =R o~

Learning Goals

By the end of this section, you should be able to:

* Describe what a model is and how it can be used
to make defensible design decisions

* List some advantages and disadvantages of
virtual prototypes

* Prepare to design and implement a system level
model for your RWH project

Types of Prototypes

Physical
A

Focussed Comprehensive

Virtual

Types of Prototypes

Weaki1 Physical
4

‘Focussed \
Week 9 o Week10
1 9 ::iltlui.ﬂll'
<. - - - —Y Week 12 & 13

Virtual

Virtual Prototypes

Advantages of Virtual Prototypes
o Inexpensive Cheaper and quicker than Physical

* Often faster to develop than physical

Disadvantages of Virtual Prototypes:
* Rely on approximations — need to understand limitations
* Need to interpret the results to apply them to physical
systems
Computer models are one common method of
virtual prototyping
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Computer Modelling

Why we use computer models:
* Flexible — can easily make changes
* Powerful — modern computing power

* Numerical — allow us to approximate some
equations that we cannot solve exactly on paper

Learning Goals

By the end of this section, you should be able to:

* Describe how system parameters affect multiple
attributes and user satisfaction

* Design and create a computer model to
simulate energy in a system

* Describe how energy is lost in real systems

JBC Engineeri

Solar Power
System

One possible way to provide electrical power
for remote applications.

Advantages:

* No local emissions

* Silent operation

* No fuel to transport during operation

Solar Power
System

Light Light
Energy Energy

1\77\ L Electrical ElecTtrical "T‘
k kd

Energy Energy

. L, Chemical P |

Energy

- UBC Engineer

Solar Power System Model

Model the Energy in the System
& nek = Qw~ - Q ok

Energy Energy
f::;‘ey St::: = coming into | W | going out
= system of system
Solar Power
System
Source
Consumption

\Q\QL Collection -T
g Storage H
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https://docs.google.com d/14GCapwyGWIS1tdxPapgt JEK5crYG86390V0/e
Home Page » APSC 101 - Module 7 - First Year Capstone Project > Week 11
- G
Week 11
10/101- ~
stion to
wing B Getting Reading for the Week
age For Week 11, there are two screencasts to view
o « Screencast 1: Rainwater Harvester Physics - Pressure and Flow (11 minutes)
71 - Module 5 « Screencast 2: Rainwater Harvester - Implementation (8 minutes)
21 - Module 6 Note for Week 11 Studio:
J1 - Module 7 « In the studio this week, you will be performing numerous fluid experiments in EDC 303. You
find it helpful to have several printed copies of the studio instructions with your team. Yc

fing Program also work from a laptop or other mobile device, but keep in mind that you will be working with
iy s0 you might not want to risk having your electronic devices getting wet
fes Additional reminders for this week:
i Contact Info

« The final opportunity to submit late iPeer evaluations is Monday, March 21, at 8:00am. Det
sheets sent by email

« Your peer review of five videos for the Module 6 sustainability reflection exercise is due or
00 - Module 1 Monday, March 21, at 8:00am. The peer reviews are completed on peerScholar.
00 - Module 2
30 - Module 3
30 - Module 4 N Week 11 Studio Assignment (Fri)


https://docs.google.com/document/d/14GCqpwyGWIS1Jt4xPqpghAqmRpmXMEK5crYG8639oV0/edit
https://docs.google.com/document/d/14GCqpwyGWIS1Jt4xPqpghAqmRpmXMEK5crYG8639oV0/edit

0 - Module 2
1 20 - Module 3
20 - Module 4

lass Team 204.26 —»
V),

System Components:

Source
// : ¥
Collection
- Storage 1
Consumption

Control Volume Analysis

You implemented a mathematical model to estimate
the volume of water stored in the tank each day.

Vi2 =il +(Qlin - Qlout YAt

Vi2 <V JAt = Qlin —Qlout

avide=@lin—Qlout

7 % \
Change with time Flow Flow
Rate In Rate Out

In Reality: Energy is Lost

p=Desired/Total
N .
~ Light Enght
. Energy nergy
" % 7E-L
/ pil—E I g
\k Electrical Electrical Ti
ii Energy Energy H
Chemical i)
I

Energy

/v..

In Reality: Energy is Lost

Solar
Energy
Input

Electrical

Chemical

~ Light
Desired Output

Water systems also have energy losses

Lost
Energy
(Heat)
Pump
Input Energy
(Pressure)
Supplied to
House
Week 11:

Final Notes Page 31

2

R T

Week 11 Studio Assignment (Fri)
Attached Files: [j Week 11 Studio Instructions (.pdf) (1.108 MB)
The studio instructions are found in the link above
Submit to this page only if your entire team is made up of students from a Friday section. If you have j

existing team in another section, make sure your name is on the ig and allow from
original team to submit it




APSCI01-M7-W11-Online 1

Learning Goals

* Describe the relationship between pressure and
depth in a fluid

* Describe the relationship between flow rate,
flow velocity, and pressure for a discharging tank

* Describe the effect of piping losses, flow
restrictions, and elevation changes have on
pressure in a piping system

Pressure and depth 3

when we talk sbout the [
weight of the water column
above our object, itis

e volume and, and hence
the weight of the water
colume aiso increasas: p
however, that weightis |
diszributed over 3

oroportionally Srger area.
o the pressure remains
a. The units of

APSC101-M7-W11-Online 1

Pressure and Q_

. Flow bewell £an~ higk
presiwe o low
A\ presure

- The velocity out is due to the fact
that the pressure in the tank is larger
than the pressure outside.

H p (voul )

2

Everyday example
) blowing up a baloon, you
need to force area through

the opening of
The pressure in

<aLse air to fow in.

- As the pressure inside the balloon is higher than the atmospheric pressure hence your
lungs and mouth need to create a pressure greater than the pressure inside in order to
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cause air to flow in (balloon to expand)

What dimensions are used to describe pressure?

| Force
) Force pe Correct
- . ; )
®) Force pe Th.at s right! Pre§sure is me.asured. in fnrcg per
h unit area (e.g. weight per unit area in the video)
_' ) Force pe

- Canti
) Mass pe w

"_ ! Mass per unit area

'_ ) Mass per unit volume

Object 1 has area A (viewed from above) and is
submerged in water to a depth h. Object 2 has area
0.5A and is submerged to a depth 2h. How does the
pressure on Object 1 (p:) compare to Object 2 (p2)

Correct
) pi=2pe
That's right! The area of the object does not
=2 affect the pressure, but doubling the depth
° doubles the pressure,
I pr=p Continue
® pi=p
) 2piem

In the video example of the object being submerged
under water, why was the atmospheric pressure
treated as 07

The den;
density { Correct

s P= D=0
Atmospl That's right! The pressure was selected as a
neglecte reference.
It was ch
L) wWere me Continue

Pressures are always defined relative to the
pressure at sea level

In the video example of the object being submerged
under water, why was the atmospheric pressure
treated as 07

+ The density ef air is much less than the
density of water

Atmospheric pressure is small and can be
neglected

It was chosen as a reference - all pressures
were measured relative (o this

Pressures are always defined relative to the
pressure at sea leval

Which of the following are explanations of why air

exits an inflated balloon, if the opening of the balloon

is exposed to the atmosphere? (select all that apply)
The pressure of the air in the battam of

the ballc
oftheai  ‘Correct

The wall: That's right! Pressure is greater inside the
| push inv balloon. This is due to the walls of the balloon
inflated  Pushing inward.
Continue
The pres
) P \

greater tham e pressureoutsiae

Gravity pulls the air out of the balloon

Losses through Restrictions

At P1 the pressure is the highest and it
decreases as you go right towards P loss.

Making P loss with the least pressure.
| | DNP NP
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At P1 the pressure is the highest and it
decreases as you go right towards P loss.
Making P loss with the least pressure.

2 P’ > e"BPIO%

p vﬂ"l
% =Py = P2 Pross

3

Losses through Piping

D - is the diameter of the pipe

L-is the length of the pipe g) Bon L

Lot%es

&"“‘\ \

A swimmer dives into a pool of 4 m depth. How
different is the pressure when they touch the bottom
compared to when they are midway between the
bottom and surface?

Pressurt  Correct
Pressurt  That's right! Pressure varies linearly with depth;
twice the depth = twice the pressure.

The two

@) Pressuri Continue
——

Pressure at the bottom is more than twice as large

In the expression for the
losses in a pipe component, _ gt
what does the parameter 1~ P2 2
"K" represent?

Correct
The velo
That's right! K is the “loss coefficlent” and tabulated
Thepre:  yvalues are avallable for common components (eg.
valves, elbows, and contractions)
The flow
Continue |
The rati

@ Aloss coefficient that is tabulated for common components

Which of the following parameters, if increased, will
increase the pressure losses in a pipe? (Select all that
apply)

Pipe dial  Correct
| Flowwvelt  That's right! All of the parameters increase losses,
except for pipe diameter (increasing O will

#| Fluid der  decrease losses)

" Pipe lenj | Continue
——

+| Friction factor, f

Which of the following are elements of the rainwater
harvesting system that you will be considering as you
design your system? (Select all that apply)

# Piping to and from storage
' Apump
" A filtration system
" Astorage tank
Connections to a community distribution network
' Acatchment area

+ A collection tank
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Which of the following best describes the outlet
height, hs, for this tank such that there is no flow out?

/() <o /
ha=0X
hez0 X

O h,Sh‘K

() hsz hin

If the outlet for this tank is modified such that hz > h;,
what will happen to the flow rate out compared to if
ha=hy?

There will be no flow '\
It will be slower %

It will be the sameﬁl

/() ltwill be faster \/

Week 11 Part 2:

APSC101-M7-W11-Online 2

Learning Goals

* Describe the arrangement and role of
components in the rainwater harvesting system

* Explain how flow rate depends on the selection
and sizing of the pump, filtration, and piping,
and on the location of the storage tank

*  Amount p&{ o N M@%€(6

* Seasonal variations

)

Catchment

Storage

* Volume
collected * Volume stored
Distance to house
* Cost

o

’ Elevation
/ Cost
Collection
Filtration (?)

* Volume 8
collected  Pumping * Making water drinkable
« Cost * Pressure *  Flow rate (resistance)
* Flow rate + Cost
* Cost

What dictates the minimum acceptable flow rate for
the rainwater harvester system?

Peak and average rainfall rate

Catchme Correct
Storage That's right! The minimum acceptable flow rate
is dictated by the stakeholder consumpticon
®) Requirer requirements.

Continue
Pump fle ;J

Distance to storage tank and storage tank elevation

Where should the filtration system be placed?

Correct
Ontheli
That's right! The filter can be placed on either line.
@1 b This is an important decision though, as it will have
Repn e significant impacts for flow rate, size, cost, and so on,
) Ontheli

| Continue

Final Notes Page 35



Based on what you know about the rainwater
harvesting system and the physics from the first
screencast, click on the section of the system in the
image below where the water will have the highest

pressurg
f Incorrect

ou did ot sekect the comect response, The pressure wil be
highast at the kawset ekwation, after the pump (which increases
J  pressure) but before the filter which creates a pressure drop)

Continue | =

Click on the element of the rain water harvester
system that stores the energy to drive the fluid to the
house for consumption.

Correct

right! By moving the water intc the slevated storage
i stiares energy as gravitation potentisl, The waterin the
Rank pressurizes the water in the ine belkow .

Continue

Pump and System Curve

The lesser the flow rate the higher the pressure from the pump.
Pressure, p

Pump

The Larger the flow rate we desire, the more pressure that
Is required from the pump. Denoted by the system

curve (BLUE)
PER e L
Ssystem Jf ——+K—+Cv
Ve D 2 2
- v filrer
Sriction restriclions
Flow rate, Q

Pump and System Curve

Pressure, p

- F{e'duce losses »
\.\0\5 c\0
" q\f\"J %“OQ&

IZ Flow rate, Q
- Toincrease flow rate we can decrease the losses:
- Reducing the elevation of the storage tank
- shortening the distance to the storage tank (decrease length of the pipe)

Pump and System Curve

Pressure, p TTee-al _Bftter pump
Pump e
~ ”
~ ,
-~ -
Better Pump and Reduce Losses ~ "
to achieve increased Flow Rate b ~ N
-7 ~
-
System__ _ - -~ Reduce losses

Flow rate, Q
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Which of the following describes the pressure to flow
rate relationship for a typical pump?

@) Highest  Correct
Highest  That's right! Pressure tends to be highest at low
flow rates, and lowest at high flow rates.

Pressurt

Highest | Continue
—_—

Lowest pressure at intermediate flow rates

In the equation below, select the term that represents
the pressure lost to the elevation change from the
pump to the storage tank.

Correct

That's right! The elevation difference is
pPW’P f represented by rho g h. + Cfv
pon

Steroat

Continue

In the equation below, select the term the represents
the pressure lost to friction in the pipe between
collection tank and the storage tank.

./ | e

pPW"P | Correct + Cfv

Continue

What do the three terms in parentheses in the
equation below mean when taken together?

Lp pV
pw(V):pgk'l' fBT"rKT'l'CfV

(@) Pressure losses
Kinetic energy
Elevation gain

Pump power

What do the three terms in parentheses in the
equation below mean when taken together?

( L pv*  pV

Py (VY= 02h+] [ +K=—+C,v
Correct

@) Pressury

That's right! The three terms represent piping

losses, losses through components, and friction

through the filter.

Continue

Kinetic ¢

Elevatiol

Pump power

Pressure, p

Considering the
pressure versus flow
rate curve for a typical
pump, at what flow rate
will the pump operate?

Flow rate, &
What ever flow rate we set
@) Where the system curve crosses the pump curve in the figure
At the flow rate corresponding to pressure “pgh”
At steady state, it will operate at the point with maximum flow rate

At steady state, it will operate at the point with minimum flow rate
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If we collect enough rainfall but our pump does not
transport a sufficient volume of water to the storage
tank, what are some options? (Select all that apply)

Increase the loss coefficient, K

+ Increase pipe diameter \./
+"| Increase the pump size or capacity \/
+'| Reduce storage tank elevation l_/
+ | Decrease pipe length \/
Dobheor 7
Kven
Week 12:

APSC101-M7-W12-Online 1

Learning Goals

+ Describe the arrangement and role of the filter
components in the rainwater harvesting system

* Describe how the satisfaction curves are used
and combined to determine overall system
satisfaction

+ Explain how a spreadsheet can be used to
develop a numerical model of the rainwater
harvester water consumption line subsystem

APSC101-M7-W12-Online 1

Piping
* Friction (f)
* Losses (K)

Storage

* Volume stored

* Distance to house
* Elevation

* Cost
Consumption
*  Minimum flow rate

s susteiived flow rate Filtration and Treatment

* Making water drinkable

* Flow rate (resistance)
UV ¢ -
ng ’“Lw«eé’ "o oW\ dST

¢ers

Select the correct order of the water treatment
elements.

1 micron filter -= 5 micron filter -= 200 micron filter > UV purifier
@) 200 micron filter -= 5 micren filter -= 1 micron filter -> UV purifier
UV purifier == 1 micron filter -> 5 micran filter -> 200 micron filter
UV purifier -> 200 micran filter -= 5 micran filker -> 1 micron filker

The arder of elements does not matter.

Which of the following components are required to be
on your system?

| 1 micron filter
5 micron filter
200 micron filter

| UV purifier

Why is it important that the UV purifier come after the
filters?

The UY purifier can become clogged with sediment

@ The UV purifier may not work if the water is cloudy

The UV purifier requires the filters to remove pathogens first
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If the life in litres of the 1 micron filter depends on
whether or not the 5 micron filter is used as a pre-
filter, which function in a spreadsheet could be used to
insert the appropriate value for the 1 micron filter life?

=5umi)
Absolute reference ($)

@ =Iff)

What happens if your system cannot deliver the
consumption value you specify?

Your solution is disqualified
‘You incur a cost penalty
You incur a reliability penalty

@ You incur a cost and reliability penalty

How are design trade-offs resolved in determining the
project scoring?

By determining the overall highest satisfaction

By deter Incorrect "
requirer

You did not select the correct response, Designs
By deter must meet requirements; trade-offs are resolved

by looking at highest overall satisfaction.

Continue

How is the overall satisfaction determined?

By averaging satisfaction scores 51
Using the sum of satisfaction scores\/\

@ Using a weighted sum of satisfaction scures\/
Using the product of satisfaction scores%

By counting the number Ufrequirementvinlaticns&

Which of the following are potential reasons for NOT
including a 5 micron filter in your system (assuming
the filters are on the line from storage to the house)?

Increase in on demand flow rate

+ Reductic  Incorrect

You did nok select the correct response,  Removing the fiter might
INCrease  redice istial cost and mcrease on demand flow, Cansumptan is
dictated by the subsystem from catchment 1o storage.

Continue

Which of the following are potential negative
consequences of not including a 5 micron filter in your
system for this project (assuming the filters are on the
line from storage to the house)?

+ Increase  fgrrect

Increase  That's right! Removing the filter might increase
fouling of the 1 micron filter, which might require
+ | Increase  additional maintenance.

Decreas: Continue
| ——

Which of the following are potential negative
consequences of not including a 5 micron filter in your
system for this project (assuming the filters are on the
line from storage to the house)?

e_

| Increase in the rate of fouline of the 1 micron filter
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system for this project (assuming the filters are on the
line from storage to the house)?

e_.

#| Increase in the rate of fouling of the 1 micron filter
Increase in the rate of fauling of the 200 micren filter
+| Increase in maintenance costs'

Decrease in on demand flow rate

Which constant in this equation will change ifa 10
micron filter is added to the system?

Correct

That's right! Cf describes the friction due to the

pgh, B ey
Continue

Imagine the 1, 5, and 200 micron filters are all used
and their respective Cyvalues are 10,000, 1,000, and
100. What value of C; for the system should be used?
100 (the minimum)
1o00h  Correct

That's right! The final Cf value is the sum of the

3,700 ith
¢ values from each filter.
10,000 (¢
Continue
® 10w | sontinee_}

As an engineer, you need to make,
communicate, and defend decisions that
are based on incomplete and sometimes

contradictory information.

Week 12 and 13:

Acting Like an Engineer
Role in Society

Learning Goals

By the end of this section, you should be able to:
Describe effective practices in teamwork
Demonstrate ethical behavior and describe the
importance of engineering codes of ethics, both
at the student and professional level

Describe the contributions that an engineer can
make to society as well as the impact (both
positive and negative) that an engineering
project can have on society

.

.

.

-UBC
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Engineering problems have societal impact.

As an engineer, you need consider all
stakeholders, including you're the
profession of engineering, in your decision-
making

How Significant Has Each Issue Been

The workload not shared equally
Some did not take initiative

Lack of contribution to discussions
Same were late to studio

Some did not attend studie
Decision-making dominated by some
Discussions dominated by some
Difficulty communicating with some
Waork not to acceptable quality

Lack of team leadership

Conflicts between teammates

Most Positive & Negative Team Experiences

n M Positive W Negative
c

& 40%

c

[=]

o

1]

o

B 20% I

£

g I I
o

Attendance Initiative Leadership  Waork Team
quality \ harmeny,

Tuckman Stages of Team Development

Focus on the Lask

Relationshin

Can you relate crucial periods of your own team'’s
development to these stages?

What makes Engineering a “Profession”?

+ A profession is a learned calling with specialized skills,
distinctive functions and recognized social obligations
and has unique characteristics.

services based upon advanced knowledge/skill/ judgment.

charged with substantial degree of public obligation;

services rendered largely in the general public interest.
bound by distinctive ethical code in its relationships with
clients, employees, colleagues and the public.

assumes responsibility for actions related to professional

services provided in a personal or supervisory capacity.

o

o

o

3

These are the 12 Graduate Attributes expected
of every engineering graduate across Canada.

1. Apply knowledge 7. Communicate effectively
2, Analyze problems 8, Embrace professionalism
3. Conduct investigations 9, Consider impact of actions
4, Design 10. Act ethically

5. Use engineering tools 11. Manage projects

6. Work in teams 12. Commit to learning

Question: how can you develop these attributes
during your time at UBC?
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These are the 12 Graduate Attributes expected
of every engineering graduate across Canada.

(= I TR S

Apply knowledge
Analyze problems
Conduct investigation
Design

Use engineering tools
Work in teams

7. Communicate effectively

8. Embrace professionalism
s 9. Consider impact of actions

10. Act ethically

11. Manage projects

12. Commit to learning

Question: how can you develop these attributes
during your time at UBC?
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