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A Bit About Me

1972

« Set out to be an airplane
mechanic and aircraft
maintenance engineer




A Bit About Me

1976 =3
* Reality intervenes ! Will the last person
4 leaving SEATTLE -

Turn out the lights.
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A Bit About Me

1976

» Bill Coad inspires me to think a
different way...

... that Is to practice our R
profession with an emphasis

But Webster s Collegiate Dictionary d

upon our responsibility to Al i

preparation.”

Energy Conservation
Is an Ethic

And that w

years. It started in

protect the long-range
Interests of the society we " ' '
serve and, specifically, to S ot |
incorporate the ethics of RRCiiT Cannri S
energy conservation and T S

iety stands here today, thes 0 5 e 2 on the ethical stan-
al of their performance dards, the definition of ethies is o

environmental preservation in

on of “ me i ] the so-

everything we do. e

Visit ASHRAE's Online Magozine
www.ashraejournal.org

ASHRAE Journal, vol. 42, no. 7, p. 16-21 S ——
www.ASHRAE.org




A Bit About Me

1976 - 1984

| change career paths and go
to work for McClure
Engineering in St. Louis, MO

— Field technician

— Control system designer
— Mechanical designer

— Project engineer

| am blessed with great
mentors (through-out my
career)




A Bit About Me

1984 - 1986

« | go on sabbatical to work for
MCC Powers

Immersed in a specific
system

Exposed to process control

| crash my first control
system

Begin to realize there is a
fundamental lack of
understanding of control
systems on the part of
many designers

Google earth
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A Bit About Me

1984 - 1986

My sabbatical continues as |
work for Murphy Company,
Mechanical Contractors

— Control guy
— Start-up guy
* | blow up my first duct
* | discover | don’t like gambling
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A Bit About Me

1986 - 1997

* | return to McClure
Engineering as a Project
Engineer
— Migrate their control design

standards and specs from
pneumatics to DDC

— Do a lot of Health Care
work




A Bit About Me

1997

 Move to Oregon to become a
facilities engineer at Komatsu
Silicon’s Hillsboro facility

HVAC system owner

Process exhaust system
owner

Central chilled water plant
system co-owner

DDC system co-owner

Fire protection system
owner




A Bit About Me

1999 - 2005

e Semiconductor industry
downturn continues

— Plant idled
— Imove to PECI

Not-for-profit focused in
energy efficiency and
sustainability

Develop infrastructure
for the commissioning
industry

Discover | can teach if its
hands on and technical




A Bit About Me

2005 - Present

| move to FDE
Some new construction Cx
Mostly EBCx

Third party control system
design work

A lot of hands-on training
« Pacific Energy Center
* Marriott

Leadership role for FDE'’s
Not-For-Profit division




What We Will Cover in This Module

Part 1

« The dynamic, interactive, nature of the loads served
by HVAC systems and the challenges we face when
we try to integrate them with a control system

* This is important enough that | will probably bring this
up at least once ezash-aay
Part 2
* An overview of common components in HVAC
systems and a bit about their physics and

performance dynamics and how those factors might
relate to the design of the control system

TAB 3-2 - LOAD DYNAMICS




Some Resources

The location for things | hand out or use in class
http://tinyurl.com/CurrentUof\WWClass

The location of my blog
www.Av8rDAS.Wordpress.com

TAB 3-2 - LOAD DYNAMICS




The Built Environment

comfortable is a fundamental goal of HVAC systems and
their controls

* Ventilation systems control contaminants by introducing
filtered, conditioned outdoor air

* Heating and cooling systems track the loads to control
comfort




flLictive, clean, and
B C systems and

* Ventilation systems control contaminants by introducing
filtered, conditioned outdoor air

* Heating and cooling systems track the loads to control
comfort




The Loads can be Very Dynamic

160,000 -

140,000 -

120,000 A

100,000 -

80,000 -

60,000 -

40,000 -

20,000 A
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High Rise Office
Building
Mid-Level Floor
Loads

Typical January Day vs.

Typical May Day vs.
Typical August Day

——January

TAB 3-2 - LOAD DYNAMICS

The Cooling
Requirements
Vary with Time
of Day and Time
of Year




Load Dynamics
A Research Experiment by the
FDE NW Research Lab

Dr. Riley Sellers; PhD cTk LBNL
CTPSC *

Hobbes Sellers; Post Doc Applied
Chaos Theory

*  Doctorate of Philosophy - Canine Treat
Kinetics - Lower Buchanan National Labs,
Canine Treat Preservation Systems Center
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Outside = Inside
A Research Experiment by the FDE NW Research Lab

The Experiment

 Use an environmental test
chamber to assess the
thermal response
characteristics of different
envelope configurations

o

Environmental Test Chamber

TAB 3-2 - LOAD DYNAMICS




Outside = Inside
A Research Experiment by the FDE NW Research Lab

Envelope Configuration 1
« Cardboard box, no insulation

Envelope Configuration 1

TAB 3-2 - LOAD DYNAMICS




Test Results — Envelope Configuration 1

Thermal Response of the Inside of a Box
75 1
65 -
55 1
== T]nside Temperature - Box only
45 -

35 1

25 1

L
(o]
)
—
-
s
©
=
(]
a
£
()
|_

15 1

5 -

_5 ) ) ) ) ) ]
11/18/06 11/18/(%\)‘ s /06 11/18/06  11/18/06
10:30 AM 11:00 AM 'PM  1:00PM  1:30 PM

TAB 3-2 - LOAD DYNAMICS



Outside = Inside
A Research Experiment by the FDE NW Research Lab

Envelope Configuration 2
« Cardboard box, insulated

Envelope Configuration 2

TAB 3-2 - LOAD DYNAMICS




Test Results — Envelope Configuration 2

Thermal Response of the Inside of a Box

== Inside Temperature - Box only
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Outside = Inside
A Research Experiment by the FDE NW Research Lab

Envelope Configuration 3

e (Cardboard box with rocks, no
Insulation

Envelope Configuration 3

TAB 3-2 - LOAD DYNAMICS




Test Results — Envelope Configuration 3

Thermal Response of the Inside of a Box

Inside Temperature - Box only
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Temperature Inside an Insulated Enclosure
With and Withouta Light On
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Temperature Inside an Insulated Enclosure
With and Withouta Light On
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Temperature Inside an Insulated Enclosure
With and Withouta Light On
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Temperature, °F

8560 North Buchanan, Portland, OR Summer Thermal Response
Portand 0.4% Cooling Design Condition-90/67 “Ft . /t,,, 22°F Daily Range
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Single story, light frame
construction

Poured concrete basement
No air conditioning

Doors and windows open
Ceiling fans operating

S5at08/01/0912 AM
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Temperature, °F

8560 North Buchanan, Portland, OR Summer Thermal Response
Portand 0.4% Cooling Design Condition-90/67 “Ft . /t,,, 22°F Daily Range
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Side

S5at08/01/0912 AM
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8560 North Buchanan, Portland, OR Summer Thermal Response
Portand 0.4% Cooling Design Condition-90/67 “Ft . /t,,, 22°F Daily Range
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8560 North Buchanan, Portland, OR Summer Thermal Response
Portand 0.4% Cooling Design Condition-90/67 “Ft . /t,,, 22°F Daily Range
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Cool the Building with Cool Outdoor Air
Simple in Concept; Challenging in Reality
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The Cooling
Requirements
Vary with Time
of Day and Time
of Year




Cool the Building with Cool Outdoor Air
Simple in Concept; Challenging in Reality

The Suitability of
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Cool the Building with Cool Outdoor Air
Simple in Concept; Challenging in Reality

| | | SN Requirements
Vary with
Location as
Does the
Suitability of
Outdoor Air for
Cooling
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Cool the Building with Cool Outdoor Air
Simple in Concept; Challenging in Reality

e s R . The Cooling

| | | SRR Requirements
Vary with
Location as
Does the
Suitability of
Outdoor Air for
Cooling
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Cool the Building with Cool Outdoor Air
Simple;in Concept; Challenging in Reality
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Aside from those things, it should not be too hard to get a
control system to work
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Bottom Lines

1. The loads our HVAC systems deal with are very dynamic
a. System dependent
b. Process dependent
c. Climate dependent
d. Envelope dependent
2. The components in our systems are highly interactive
a. Process 1 output = Process 2 input; Process 2 output =

1] 7

Process 3 input; Process “n” output — Process “n+1”
input; Process “n+1” output = Process 1 input

b. The control system can mitigate this potential problem or
propagate the problem

3. |like puppies and kittens

TAB 3-2 - LOAD DYNAMICS




