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| AlA Quality Assurance

The Building Commissioning Association is a Registered Provider with The
American Institute of Architects Continuing Education Systems (AIA/CES).
Credit(s) earned on completion of this program will be reported to
AIA/CES for AIA members. Certificates of Completion for both AIA
members and non-AlA members are available upon request.

This program is registered with AIA/CES for continuing professional
education. Assuch, it does not include content that may be deemed or
construed to be an approval or endorsement by the AIA of any material
of construction or any method or manner of handling, using, distributing,
or dealing in any material or product.

Questions related to specific materials, methods, and services will be
addressed at the conclusion of this presentation.
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Presentation Description

This presentation uses a case study format to
explore functional testing in an existing building
commissioning process. Specifically, a functional
test is developed to assess the thermal flywheel
potential of a small chilled water system. The results
are then used to develop control system program
modifications that allow a short cycling problem to
be resolved while still providing the required
environmental conditions inside the facility.
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| Learning Objectives

At the end of this session, participants will be able to:

Understand the difference between a functional testing process in an
existing building commissioning environment vs. a new construction
environment

Understand that there can be a hierarchy to a functional testing
process

Understand the key elements associated with developing a
functional test

Understand how functional testing can be used as a diagnostic tool
in an existing building commissioning process

Understand how a functional test can be used to gather useful data
in an existing building commissioning process
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The New Construction Perspective on
Functional Testing
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Testing Hierarchy;

More than Balancing Man Power
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The Existing Building Perspective on
Functional Testing
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The Existing Building Perspective on
Functional Testing
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New Construction versus EBCx Testing

New Construction EBCx

* Trying to prove design intent * Trying to understand design
Intent

« Verification and quality « Diagnostic and troubleshooting
assurance process process
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Le Conte Hall

UC Berkeley Physics
Department Home

148,000 square feet
Four floors plus basement

Interconnected with other
physics department buildings

MBCx program participant
since 2009

MBCx Best Practices Award
winner for the 2009 program
cycle
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Le Conte Hall

« UC Berkeley Physics
Department Home

* 148,000 square feet
* Four floors plus basement

— Floors 1 and 2 - Classrooms
and research

Floors 3 and 4 - Offices, class
rooms, informal meeting
space
* Interconnected with other
physics department buildings
« MBCx program participant
since 2009
« MBCx Best Practices Award

winner for the 2009 program
cycle

It Takes a Team to Succeed
Left to Right

Anthony Vitan, Eleanor Crump, Julia Gee, Chuck
Frost
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Le Conte Hall

« UC Berkeley Physics
Department Home

* 148,000 square feet
* Four floors plus basement

— Floors 1 and 2 - Classrooms
and research

— Floors 3 and 4 - Offices, class
rooms, informal meeting
space

* Interconnected with other
physics department buildings

« MBCx program participant
since 2009

« MBCx Best Practices Award
winner for the 2009 program
cycle

It Takes a Team to Succeed

Left to Right

Ancestors of David Sellers, Mark Porter, Ron
Simens, Gary Kawabuchi and Mark Arney test a
new idea

FUNCTIONAL TESTING IN EXISTING BUILDINGS
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3/
L

Small Load + Large (Relatively) Chiller =
Potential Problem

CWP-1 +
Bell and Gosset 1510 BF 2BC

Base Mourted End Suction =0
102.8 gpm af 50 ftw.e. -
7-1/2 hp motor, 3 phose 460 volt o
Pump efficiency - 62% (from curve)

PRV
et o imp

The contract documents indicate that the 3" mains to AHU2 may form an inverted trap on their route
from the chiller tothe AHU. The documents indicate that the lines drop through the roof, run North in
the 4th floor ceiling, rise into the attic and run further North, then drop down from the attic again, run
abut futher North in the 4th floor ceiling. then rise up throughthe roof to the AHU

100% Outdoor

Chemical
shot feeder

;3/4“
CHW pump start/stop
CHW pump status
-
T

100 Ton.Chiller:z:zz

BT L

Design documents show the
makeup as being autamatic (ie. the
bypass is closed and the service
walves to the make up are open)

Expansion
k

CHW supply temperature
[y

Chiller enable/disable
Compressor 1 status
Compressor 2 status
Compressor 1 alarm

Compressor 2 alarm '

erlock to
ol panel

Hard wjy
Fl 5w Qe

Th

Plug i

Technical Systems Tne. Air
Cooled Chiller
Model - 30A15D140-5P134
5n- 01-06-07 9973-001-001
Power - 460 vac, 30, 60 hz
2 - 100 amp compressors

aPT Plug 10 - 2 hp condenser fans

[

CHW return temperature

Visit www.Av8rdas.wordpress.com for a larger copy of the system diagram; Link located on the

=Dbr
Th

1-1/2" stub-out on Level 1 af the
pipe chase behind the elevator.

J\73" chilled water extension from the bridge to LeConte west wing onL1

: !

Air Load

Undimens oned
stub-out on L1 over
Research lab 144

Typical
FJIE‘CDH

vi
PT‘D( iglll \Q i

The drawings show
‘+he mains shorted
together over Haffner Lab
Research Lab 144;

the bakance valve is H}J

Hartmuk

TeTRig

4
T

not verified and may ]
not exist

8 S

.
Internal Load, No
Outdoor Air Cooling,
1-5 Tons Maximum

4 54" 5\ 5

Economizer
Equipped Load

right side of the home page under 03 — Materials from Classes and Presentations
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85.0 -
[ Le Conte Hall Chilled

Water System Prior to

80.0 - | | | Flywheel Operation
' Tuesday, January 18, 2011

75.0 -

~

o

o
]

—CHW Return

] —CHW Supply
60.0 -

Chilled Water Temperature, °F
o
o

55.0

-

Large temperature supply
temperature swings potentially a
problem in terms of maintaining the

desired conditions at the load
|
45.0 L] . . b . b L] bl . bl . b L] ol . . L ol L] L . I L . 1
Tue 12 AM Tue 06 AM Tue 12 PM Tue 06 PM Wed 12 AM
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85.0 -
[ Le Conte Hall Chilled

Water System Prior to

80.0 - | | | Flywheel Operation
' Tuesday, January 18, 2011

75.0 -

~

o

o
]

Five to six compressor cycles per —CHW Return

hour or more; a.k.a “short cycling”

g & %

55.0 ! “

—CHW Supply

Chilled Water Temperature, °F
o
o

50.0JHHIINdO

AL
i i m "\ "'”i“!"lll

Tue 12 AM Tue 06 AM Tue 12 PM Tue 06 PM Wed 12 AM




The Problem Wlth.
Short Cycling




Unresolved short cycling cost impacts
— Less than optimal temperature control

— Premature compressor or motor failure

The Problem with
Short Cycling
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The Research Load is Not the O
Load

The contract documents indicate that the 3" mains to AHU2 may form an inverted trap on their route
from the chiller tothe AHU. The documents indicate that the lines drop through the roof, run North in
the 4th floor ceiling, rise into the attic and run further North, then drop down from the attic again, run

o 5 53” a but futher North inthe 4th floor ceiling, then rise up throughthe roof to the AHU 100% O utd OO r
Chemical ﬂ 5 Sl :3” Ai r Loa d

WP 4 shot feeder
Bell ard Gosset 1510 BF 2BC 1-1/2" stub-out on Level 1 af the
Base Mourted End Suction e DD CHW pump start/stop pipe chase behind the elevator.

102.8 gpm af 50 ftw.e. - CHW pump status

7-1/2 hp motor, 3 phose 460 volt o . N . N .
Pump efficiency - 62% (from curve) i (3 chilled water extension from the bridge to LeConte west wing onL1

] T T
o 100 Ton.Chillerzzs e, 4

) wlwke-up = Unm U Research lob 144

it L |
Hard wire interlock to e e . Qp‘igdl
Design documents show the Bxpansion Fi 5w the chiller control panel ;rh:mr:lrt‘?;;,;&” Fartm
makeup as being atomatic (Le. the 1 together over Haffner Lab
bypass is closed and the service Research Lab 144:
walves to the make up are open) . HJ}:

3/
L

the balance valve is
not verified and may ]
CHW supply temperature not exist
[y

g Technical Systems Inc. Air
Chiller enable/disable Cooled Chiller
Compressor 1 status Model - 30ALSD140-5P134
Compressor 2 status 5n - 01-06-07 9573-001-001
Compressor 1 alarm Power - 460 vac. 39. 60 hz
Compressor 2 alarm 2 - 100 omp compressors

anf 10 o Economizer
Equipped Load

Th
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Non-integrated vs. Integrated

"% 58°F Set Point

Non-Integrated v Integrated

Cooling coil load Cooling coil load
Q =4.5 x cfm x Ah Q =4.5x cfm x Ah

Q = 4.5 x 30,000 x (25.4 — Q = 4.5 x 30,000 x (22.8 —
22.8) 22.6)

Q = 351,0000 Btu/hr Q = 27,0000 Btu/hr
Q =29.3 tons « Q=2.3tons
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Non-integrated vs. Integrated

"\ 58°F Set Point /Y 58°F Set Point

[ o
I \\_ )

S ama B ™ ] - -
‘I-

i
—_—
.
.
1

&

Non-Integrated - Integrated

Space Conditions Space Load (average cooling
Space temperature = 72°F coil leaving conditions)
Space RH = 50% Q =4.5 x cfm x Ah

Space enthalpy = 26.4 Btu/lb §2=7;1-5 x 30,000 x (26.4—

Q = 499,500 Btu/hr
Q =41.6 tons
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Non-integrated vs. Integrated

Y 58°F Set Point

%} 58°F Set Point

i
—_—
.
.
1

Non-Integrated B Integrated

LOADS

Space

41.6 tons 29.3 tons
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Dealing with Short Cycling

 Infinite Capacity Modulation False load

— No refrigeration compressor — Serve a recirculating

can modulate over an constant volume reheat
infinite range on its own load

Hot gas bypass

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Dealing with Short Cycling

 Infinite Capacity Modulation False load

— No refrigeration compressor — Serve a recirculating
can modulate over an constant volume reheat
infinite range on its own load

— Hot gas bypass

33/

"

i)
e —
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Dealing with Short Cycling

 Infinite Capacity Modulation False load

— No refrigeration compressor — Serve a recirculating
can modulate over an constant volume reheat
infinite range on its own load

— Hot gas bypass

Lengthen the compressor run
cycles and off cycles

— Anti-recycle timer
— Thermal flywheels
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Dealing with Short Cycling

Energy Intensive




Here's a Question

How much of a thermal
flywheel does the existing
piping system represent?
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How Do We Ask The Building About It?

We perform a functional test
Functional test components
— Statement of purpose

Instructions for using the
test form

Equipment requirements
Acceptance criteria
Precautions
Documentation
Procedure

Return to Normal and
Follow-up

Visit www.Av8rdas.wordpress.com for a copy of the
test; Link located on the right side of the home page
under 03 _ Materlals fI’OI’T] ClaSSGS aﬂd Presentatlons opss wap facilinydynamics. com Projects' CLPrinterFriendly aspr 'InclndeParties=AT L& Exchds . 912010
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Start With A Statement of Purpose

General Guidelines Our Statement of Purpose

Target the effort » Assess the thermal flywheel
Goal of the test represented by the existing
Underlying assumptions piping system

Desired outcome — Determine the minimum and
maximum chilled water

temperatures that can be
tolerated

— Quantify the thermal flywheel
in terms of ton-hours

— Tie to acceptance criteria

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Test Form Instructions s

‘STOP HERE WHE
\ 4 FLASHING v

L - ] ;zr-c~ A

General Guidelines
How should results be
documented?

— Pass

- Faill

— Intermediate information
— Comments

« Date and time stamps
Initials

Be clear; words have different
meanings to different people

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Test Form Instructions

General Guidelines Our Instructions

* How should results be * Review the procedure prior to
documented? testing

— Pass Document the results in the
— Fail CACEA commissioning tool

— Intermediate information ReVieW deCiSiOnS to deViate
from the plan with the team
and note changes

If the test is suspended prior to
completion, run through the
return to normal procedure

— Comments
« Date and time stamps
* Initials

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Required Equipment

General Guidelines

e Standard tool set
« Special tools

— Unusual measurement
requirement

— Critical accuracy requirement
— Expediency

£
SUENTIRIX
NOISE
CONTROL
PRODULCTS

“I have an appointment to demonstrate
our new line of ear protectors.”
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Required Equipment

General Guidelines Our Equipment

« Standard tool set e Standard tool set

» Special tools

— Unusual measurement
requirement

— Critical accuracy requirement
- Expediency

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Acceptance Criteria

General Guidelines

 Tied directly to the test’s stated
goals

— Measured parameters
— Documented conditions
» Clear and unambiguous terms

» Special documentation
requirements

— Picture

— Witness signature

— Control system report
— Trend data

FUNCTIONAL TESTING IN EXISTING BUILDINGS



Acceptance Criteria

General Guidelines Our Acceptance Criteria

 Tied directly to the test’'s stated « Information only test; There
goals are no acceptance criteria

— Measured parameters — Acceptance criteria are less
— Documented conditions common for EBCx testing

« Clear and unambiguous terms - Asimilar test in a new

- Special documentation ﬁO”StrUCt'O"]{ prooesi may
requirements ave acceptance criteria

— Picture

— Witness signature

— Control system report
— Trend data

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Precautions

General Guidelines

« Safety concerns
— Protection
— Comfort level

* Risk management
— Operational risks

— Equipment damage
— Temporary over-rides

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Precautions

General Guidelines

« Safety concerns
— Protection
— Comfort level

* Risk management
— Operational risks

— Equipment damage
— Temporary over-rides

Our Precautions

Be careful working around
rotating machinery

Remember that there are other
things connected to the
system, directly and indirectly
when manipulating system
parameters

Exercise caution when driving
chilled water temperatures to
lower than normal ranges

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Documentation

General Guidelines

* What do you need to support
the test?

— Submittals

— Performance data

— System diagrams

— Calibration data

— Factory start-up data

* What do you need to capture
before starting?

— Nameplate data
— As found conditions

Our Documentation

« Supporting information

— Located on the project web
portal

System diagram
Mechanical drawings
Control sequences
Control shop drawings

O&M information and
equipment submittal data

Capture before starting
— Current set points
— Lab operating criteria

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Prerequisites

General Guidelines

« Conditions necessary to test
— Weather
— Operating mode
« System readiness
» People required for testing
— Owner
— Contractor/Technicians
— Code official
— Factory representative

« Some items may tie back to
precautions

Our Prerequisites

Low load condition required

Research and other building
functions can tolerate loss of
chilled water

Verify staff buy-in/available:
- Lab
— Building/campus
management
Physical plant

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Preparation

General Guidelines

 Team members in position
— Rehearsal
* Monitoring equipment
— In position
— Activated
— Calibrated

» Coordinated with building
functions

* As found conditions
documented

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Preparation

General Guidelines

 Team members in position
— Rehearsal
* Monitoring equipment
— In position
— Activated
— Calibrated

» Coordinated with building
functions

* As found conditions
documented

Our Preparation

Verify system flow rate has
been documented via pump
test

Verify logging is working for
critical parameters

FUNCTIONAL TESTING IN EXISTING BUILDINGS




The Procedure

General Guidelines

 Thinking it through ahead of
time is important

 Be clear

Requirement Data Compnleted

1 :
Requirement Data Completed

Include units Initials, Date

20. Perform ashut off test to verify the pump and Time

size Perform a shut off test to verify the pump
size by briefly closing the discharge valve and
and documenting the pump differential pressures.
Proceed as follows:
Document discharge valve position
Start the second pump to prevent a chiller
safety shut down due to loss of flow.
Briefly close the discharge valve and
document:
Pump suction pressure
Pump discharge pressure
Return discharge valve to original position.

FUNCTIONAL TESTING IN EXISTING BUILDINGS




The Procedure

General Guidelines Our Procedure

« Thinking it through ahead of * Run the supply water

time is important temperature as far down as
« Be clear possible with out nuisance
safety trips

Monitor the zone temperatures

— When researchers indicate
they are concerned:

* Include cross-references
— Multiple indications of results

— Take more data than you
need

N Run the chilled water
Visit www.Av8rdas.wordpress.com for a copy of the t t back d d
test; Link located on the right side of the home page emperature bac own an

under 03 — Materials from Classes and Presentations document the run cycle time
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Return To Normal and Follow up

General Guidelines

 Don’t take off for home as soon as
you've finished the test!

Release manual over-rides
Return set points to normal

Wait to make sure things are
working properly!

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Return To Normal and Follow up

General Guidelines

 Don’t take off for home as soon as
you've finished the test!

— Release manual over-rides

— Return set points to normal

— Wait to make sure things are
working properly!

Did all go as planned?

— Does the data make sense?

— Is it telling you something that
requires immediate action?

— Are your documentation needs
covered?

Issue preliminary reports

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Return To Normal and Follow up

General Guidelines Our Return to Normal

« Don't take off for home as soon as Release any manual over rides
you've finished the test! and return set points to normal
— Release manual over-rides settings

— Return set points to normal Retrieve and save trend data

- Wait to make sure things are Document the results on the
i |
working properly! web portal

Did all go as planned? :
J P Notify contractors and UCB of
Does the data make sense? .
any issues that were

Is it telling you something that discovered
requires immediate action?

Are your documentation needs
covered?

Issue preliminary reports

FUNCTIONAL TESTING IN EXISTING BUILDINGS




Lab and building functions
can handle an-upper limit of

O

S Temp

R —— 59°F for th__g:flywheel (Metasys)
E /\ — Qutdoor
50 A - L 150 Temperature
5 representing about : EA—
45 ] 13 ton-hours is _ amps (Metasys)
ot passible 120 et
] n
| SN (NSO SR SN |\ A5 A S SR R Q_
35 4 . E
L 1 : 3
s et s s s s s s s s 90
o ] ; o
g 257 ~Trend data shows colder — =
8 20414 i¥ temperature thanlocal | L 60
§ ] indication during the :
15 """"""""""""""""""""""""""" o /Ay A R R et N [} N i
1 charge” cycle - —
" | Be oy It will take one compressor
5 about 10 minutes to
5 N = EE = rechargi the flywheel
oA 1] IESE

Wed 1/13/10 3:00 P

Wed 1/13/10 6:00 PM

Date and Time

= 1

Facility Dynamics
ENGINEERING



¢ EIKON LogicBuilder - flywheelv11.logicsymbol

File Edit Reorder Control Program Options Microblocks Custom Microblocks Favorites Window Help

Chilled Watar Flywhaal Program
030011 Fhvwhealy 8 logicsmbel La
01-13-11 Flywheelvil logicsybol L5 G

8L Aut oS o . UC Berkely Le Conte Hall
&r i

Located in Hartmut
Haeffner's lab. Turn
an ta trigaer fhywheel cyele

This logic iz infended to convey the general intent for
: : ; the therinal flywheel logic for Le Conte Hall. In asense
AT 0A Tenp — s - it could be considered the DD logic. The final version

i ; ; will need tobe integrated with the current warking
2minute off delay | ! software controlling the chilled water system.
prevents short cycle |
Initial set point = 6&°F. if OAT “flutters® ¢ ¢ All symbals are used in the comtext of their Autormated Logic
Wisible and odjustable from definition (vs. amore general sense).
the chiller graphic o : E

ANT Trigger SP

BNI -~ Trigger Diff

Initial set point = 1°F.
Yizible and adjustable from
the chiller graphic

AMI  AHUZ DASetPrt

Existing AHUZ discharge
tetnperature set point fromn

the current program. Mote that
the ariginal design intent was a
fixed set point of 60°F. When
AST upgraded the controls, they
tnay have added a reset sehedule.
But, this should never need to
be below 60°F based on the
original design and operating
exXperience.

ANI -~ MNormal CHW SP

D¥ CHW. SFP AND

Initial set point = 45°F.
Yizible and adjustable from
the chiller graphic

AMI  Cucle CHW SP

Initial set point = 39°F.
Yizible and adjustable from
the chiller graphic




AT CHU Sup Temp

AMT Flakhl Diff

Initial set point = 20°F
Wizible and adjustable from
the chiller graphic

Opportunity 1 - Captured

Bear in mind that when the chiller is enabled, it will
cvele to maintain the current set point associated
with the 2100, Inother words, the flywhee|
program is not really contrallingl chilled water
tetnperature directly, It only adjusts the set point
based on the operating mode (fhwheel or
nion-flhwheel). And. in the flywheel mode, it disables
the chiller to allow the system temperature to spin
up to create the flhawheel.

Y Chl- Enable EO

This needs to be done so
the cotpressar putrp down
cviele occurs when it is
dizabled

. A
]: E‘"" CHUWFMP Enakle EO

2 minute off delay

The intent of the off delay is to ensure that the
chillzd water flow is maintained through the

purnp down cvcle when the chiller is shut down and
to provide for o "bumpless” transition between
operating modes.

[ PRSP
TUNCUTTOUONAL

o
I

ES

N o o [ PETTEE TN
ING TN TAISTING DUILDINGS




v ||

Whole building meter |1| (| | | | || | |
data indicates that l | | || I| |||| |||”| | | | |
| I
Il

the compressors tend
to run at full load any
_ time they run

02 04 06 0o
Fri, 21 Jan 2011 00:00:00 PST

Opportunity 2 - Identified
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\J

130 -
120 A
110 -
100 -
90
80 -
70 -

60
50

Temperature, °F

Logger Data Confirms Suspicions |

40 -
30 |
20
10 -
.

—Qutdoor Temperature, °F
—Compressor 1 Hot Gas Bypass Line Temperature, °F

—Compressor 2 Hot Gas Bypass Line Temperature, °F

2/1/2011 12:00 2/1/2011 13:00 2/1/2011 14:00 2/1/2011 15:00 2/1/2011 16:00

" | | e .
- Facility Dynamics
ENGINEERING



Unnecessary Hot Gas = Unrealized Savings

* Flywheel cycle captures « 11,404 kWh/$1,140 of savings
26,900 kWh/$2,690 of savings “left on the table
via the MBCx project

— Testing performed as part of
the general MBCx effort
— Programming modified “on
the fly”
« Additional savings potential
justifies a factory service call

Perform routine checks and
maintenance

Optlmlze set pomts Visit www.Av8rdas.wordpress.com for the complete
Optimize controls story

FUNCTIONAL TESTING IN EXISTING BUILDINGS




85 1 - : - 80
[ Le Conte Hall Chilled
| Compressor cat)acitv Nater System
a0 e limited during the charge:|y\whee| Operation
: cycle ! = Wednesday, July 4, 2012
] 8
] | | g £
75 - ‘ F 40 @
L 3
R . i ©
L - 5
S 70 - e - 20 O
o ] [ o
(M) 1 i Q.
g' E —— CHW Return
i) (3] o METEE S L ’ i 1IN0 —— CHW Supply
£ 1-1/2 to 2 cycles per hour Compressor 1 Amps
z with the lab and lightly SET IEESEr AL
E 60 loaded AHU i ~ Qutdoor Temperature
= |
: | 4
55 - : :
. | The Bottom Line
] ““! A Warm, Low
50 ou minutes on and Occupancy Day
0 minutes off with only
ol helablogdy iy | | |
Wed 12AM  Wed06 AM  Wed12PM  Wed 06 PM Thu 12 AM




85 - - - - - 80
Le Conte Hall Chilled
] | P | . "" Water System
80 - =1 | = 60 js_’ Flywheel Operation
- | | S Wednesday, July 4, 2012
g
- =
75 = - 40 ﬁ
o =
570 - - 20 &
© . | .
o) g
g' = —— CHW Return
<C
L 65 4 - L i NG ——CHW Supply
E bt [ Compressor 1 Amps
g Compressor 2 Amps
B 60 - - Qutdoor Temperature
@) ‘ |
55 - | .
'H “,. ‘ ‘ ‘ A[ The Bottom Line
50 - ‘,"1.4 I ’ il “ ) ‘ “ l ’ ‘ Occupancy Day
11
45 .
Wed 12 AM Wed 06 AM Wed 12 PM Wed 06 PM Thu 12 AM




85 1 | - | - 80

_ Le Conte Hall Chilled
] : Water System
80 A - 60 Flywheel Operation
: ' Friday August 10, 2012
75 . | [ 40

fJnI:(;)ad:iing s;:yst‘jén‘ﬁﬁ
“captures” the
load and runs the

~
o

- 20

Amps, Outdoor Temperature, °F

! —— CHW Return
:Wcompressor I 1 —— CHW Supply
steady-state SyStem exits the ﬂyWheeI ............. Compressor 1 Amps
against it cycle when conditions Compressor 2 amps
60 warrant normal gperation . outdoor Temperature

Chilled Water Temperature, °F
(0]
(&)}

" 4

(&)
(&)
RN N T R TR TR (Y TR T T 1

The Bottom Line

a A Warm, Normal
M‘ Occupancy Day

90 -

Fri12 AM Fri 06 AM Fri12 PM Fri 06 PM Sat 12 AM




85 - - 80
' . ' Le Conte Hall Chilled
L
| ’ s Water System
' ' o :
80 A A - 60 5 Flywheel Operation
: ? ' g Thursday August 9, 2012
d 2 r £
75 1 zv o 40 &
W 9
[+] - 3 I L =
e _ 1.1 B s
= 70 1 Second compressor 120 0
E’_ ‘comes on line to Lz;g compressor lciakes I 2 —
£ ] supplement the lead £ ChvV R
Oz | I skt ol el S over as lead and L 0 —— CHW Supply
— ] compressor and also . .
[ ] ) continues to match the, Compressor 1 Amps
© | matches capacity to load with out shbrt [ & 5
= : ts oad with out shor [ ompressor 2 amps
D 60 - requIirEme cycling - ~ Qutdoor Temperature
o . .
55 - - "
. o [ he Bottom Line
] & A Warm, Normal
= Sl Occupancy Day
45

Thu 10 AM Thu 04 PM

Thu 10 PM




85 -

80 -

~
&)
] 2 2 2

§ v pan

~
o

Chilled Water Temperature, °F
(0] (0]
o (6]

(6)]
(&)
2 ] 2 2 2

90 -

.-:-;31\'\\\\\\\\\\\\\\\\\\\\\%‘1'..

R
|l

Temperature swings are
moderated compared to
the pattern prior to the

service call

(o)}
o

Ty
o

45 v
Thu 10 AM

Thu 04 PM Thu 10 PM

Le Conte Hall Chilled
Water System

Flywheel Operation
Thursday August 9, 2012

— CHW Return
—— CHW Supply
------------- Compressor 1 Amps

Amps, Outdoor Temperature, °F

Compressor 2 amps
~ Outdoor Temperature

The Bottom Line

A Warm, Normal
Occupancy Day




How Can the Functional Testing Guide

Component Level Test
@ T TTY, N N

Address ‘@ CAbocuments and Settings\bsellzrsiihy Documentsh Technical Library 02-28-06 FT Guide\

File Edit Yiew Favorifes Tools Help

Google~ <]| [Cl search = | ) PoeRank G 3nablocced | A% Checl Project Name

€| > L E : Search Favarites @Y media &< 4 SygEm
Component or function to be tested

This form is intended to guide the user through a component level test thatis done "on-the-fly" in the
field. In general, it's purpose is to help the user quickly think through the test prior to executing it. It
provides general guidance, a place to outline the proposed test procedure and a place to document the
results. It can be filled out electronically and then printed for use, or the blank form can be printed out
Functional Testing Guide: Fundamentals to the and then filled in by hand. In the electronic version, the second tab of the workbook contains guidelines
e e Testie Sl (FE) (5 8 EEstiel (e i for using the form, many of which are linked to the section they reference. The third tab contains an
sample tests for air handlers, chillers, boilers, condensers

nublicly available tests with practical advice cn acceptan example of the form filled out for testing a freezestat.

i i B . .
{¥iew online apens a new window/tab. Download coming s0on.) Purpose: Briefly describe the purpose of the test to be performed.

Functional Testing Guide: Checklist Tool

Home

Functional Testing Guide: Fundamentals to the Field

Functional Testing Guide: Checklist Teol

Coming soon! Streamlines access to information in the Fur
various system components covered in the FTG and provic

/. View online f‘ Download

Control System Design Guide

Control System Design Guide Instructions: Provide instructions regarding how the test resutls should be documented and what (if any)

Provides methods and recommendations for the control sy fO“OWl]p actions are necessary.
provides a toolbox of templates for improving control syst

(¥iew online opens a new window/tab. Download coming soon.)




AA

Building
Commissioning
Association

THANK YOU

David Sellers, Senior Engineer
Facility Dynamics Engineering

NW Satellite Office

DSellers@Facility Dynamics.com " ‘
Office: (503) 286-1494 -\ Facility Dynamics

' ENGINEERING
Cell: (503) 320-2630

Technical blog on WordPress at Av8rdas.Wordpress.com




SUPPLEMENTAL
INFORMATION

Integrated vs. Non-Integrated
Economizer Operation

—



58°F Set Point

---.~

Non-Integrated is Different
from Integrated
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58°F Set Point

Non-Integrated
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ALTITUDE: SEA LEVEL
BAROMETRIC PRESSURE: 29.921 in. HG

ATMOSPHERIC PRESSU‘RE: 14.696 psia
1.0

o = 10 i -
| os /
0008 SENSIBLE HEAT — Qs 29 ~.
TOTAL HEAT — Qt 2000
o o

3
2

N
&
. .
ENTHALPY S An
HUMIDITY RATIO ~ Ay

Visit www.Av8rdas.wordpress.com
Resource List with links to free coil

modeling software; Link from the right sid

“sﬂ COML Fluid Selection Program
Soilr Version 2.4.0
General Information
Project Name Integrated vs Nonintegra -
Coil Item No. No-Integrated
Coil Tag
Date 04/04/2013 08:30:48
Model No CWS8FH14403300011R
Coil Construction Airside
Coils/Bank 2 Airflow 30000 SCFM
Fin Type 58 1.50 x 1.3 Flat Altitude 0 Feet
Fin Height 33 inch Ent. DB/WE 68.4/58.5 F
Fin'd Length 144 inch Cap Req'd Btu/Hr
Rows Deep 6 LDBAWBReqd : 580/ F
Fins/inch 8
fo r a_ Circuiting Half Fluid Side
Tube Material Copper Fluid Water
Tube Thick 0.020 inch Ent Fluid Temp 50 F
Fin Material Aluminum Lvg FlLuid Temp v
Fin Thick 0.0060 inch Fluid Flow Rate 50 GPM
Allow OppEnd No

N Coll Performance

Additional Construction Notes

of the O enln a e under Ol Model No. CWSBFH 1440330001 1R Tol Coating Tane
p g p g Rows  FPI 618 Casing Mat1 Galvanized Steel
. . . Circuiting Half Casing Type Flanged
( :omm|ss|on|ng Resources Total Cap 344781 Btutir Conn. Matt Copper
D L - (e 1 Sens Cap 344,781 BtuHr Conn. Type MPT
- . % Lvg DB/IWB 5791545  °F
- D Face Velocity 4545 SFPM
N . N N N 65 L, Standard APD : 0.30 in. w.c.
L . N LA 2 Lvg Fluid 638 F
~ N N N N P Fluid Flow 500 GPM
. NN N N N N N / Fluid PD 940 fH20
® N AN RN N N N Fluid Velocity 248 FPS
-\ <0 > N N N N f Siz "
<& N N N N v Conn Size (1) 1.50
O N N N AN N N Dry Weight 550 Lbs
o0 AU NN ~ 8o
N ~ ~ DY 4 ¥
S S NN 0~
< RN NN NN 8 : . ( . =
N N i B % " 27 5 R
& N N AN AN \ N N > S ‘ %\5\ - /( < 3 - . ‘D/OWO—
N NN N NN NERNY v ey e T N 5 i : — T
o s, N < AN S S K . 2 ey
Q.k N N N N N N 4 N N s S ace . 4 & 3 - O 00g]
X N N N . . . N N B 2] i 5
& \ ~_ . ~_ Cooling Coil Discharge op o N . NN
& N N R N 3 N 1 (@] \I 4 N N NN N o
N N N R < R 50 N A - S I\ N N - > 1008
N N N N N . . S < < N 3
NIRRT SRR SN . . >Mixed Air at MOA< N RN N 2N
. > N - Outdoor Air Nyahs : VAR . N =R
DN TN h W& a) P N N D N b N o
SRR NN S SR 5 s —— P
N N N Nl N N ~ ~ X > ~ N ~ \ 3 N N N =
N N \\ N 'K\ N 45 N N, N @ N \6‘ N N N N N N N N N N > b
N N R N PASN N S ~ J S AN N N S S \ N ~ 8\\006
N N 1
N o L 8 . - 5 S N N T G2
N N N N N ~ < N N N N N N N N N ~ ~ N N 3
~ h N ~ N Q N PRONENG Z N D NV h » RN ) -
NN N R R VO NI ) N N N S °, %005
N N N Q < < N =
I S NN o s SES ' N AN U 2 B = |5
pas A{v Lo N ~ N A N > b~ > 1% 004
R o R ST PN o
< 7, | > ~ N N N N N N 11/\/ [N
N o N '?>I\ N N N \ N = = i
N N < - S 3 TS S w
< > < N < N < N
N 6 D > N N N N N N N RN B / ~ E
N N 20 N N N 5‘0/\, N N S D
< = N K < [ b <. :
‘» ‘ > N SN " - S DN o N N
N = ‘ I~ —< A% ~ N N DQ:\ N
“4& 10 - N > — N > N o0 001
~_h— N . S < AU
~ < N N N < N N Noo N [To3N =N e} N=
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12 B
Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com
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ENTHALPY - BTU PER POUND OF DRY AIR
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ALTITUDE: SEA LEVEL
BAROMETRIC PRESSURE: 29.921 in. HG

ATMOSPHERIC PRESSU‘RE: 14.696 psia
10

© 1.0 -0 [ —
— I -
\ / “s CDIL Fluid Selection Program
08 Ealr Version 2.4.0
0008 SENSIBLE HEAT _ Qs .
TOTAL HEAT Qt 2000 =
o Lgp - General Information
3 Project Name Integrated vs Nonintegra -
s By il i I
< oo > £ @ Coil ftem Mo. ntegrated
s JdV e Coil Tag
| Date D4/04/2013 08:13:38
\fL‘A» ‘ % Model No CW58FH14403300006R
A
é” ! Coil Construction Airside
é Coils/Bank 2 Airflow : 30000 SCFM
__ENTHALPY & __ Ah Fin Type 581.50 x 1.3 Fiat Altitude ) Feet
HUMIDITY RATIO Aw Fin Height 33 inch Ent. DBWB 590/54.4 *F
Fin'd Length 144 inch Cap Req'd BtuHr
Rows Deep & LDB/LWB Req'd 580/ o
Finsfinch 8
Circuiing Auto-Select Fluid Side
Tube Material Copper Fluid Water
Tube Thick 0.020 inch EntFluid Temp : 50 *E
Fin Material Aluminum Lvg FLuid Temp F
Fin Thick 0.0080 inch Filuid Flow Rate 12 GPM
Allow OppEnd No
Coil Performance Additional Construction Notes
Model No. CWSBFH 14403300006 Coil Coating :  None
Rows / FP1 678 Casing Mat1 Galvanized Steel
Circuiting :  Quarter Casing Type :  Flanged
Total Cap 53,894 BtuHr Conn. Mat1 :  Copper
Sens Cap 53,894 BtuHr Conn. Type : MPT
Lvg DBWE 5741538 F
Face Velocity 4545 SFPM
Standard APD 0.30 in.w.e
Lvg Fluid 59.0 F
Fluid Flow 120 GPM
Fluid PD 373 ft H20
Fluid Velocity 109 FPS
Conn Size (1) 1.00"
Dry Weight 550 Lbs
- 5 5 ales 24 |
= S G s N . V2
5 i R %
4 N § b 5 4 < - - 009.]
. &0 M ~Space 3 : 53 < 009
N . . . N N N N N Nl N
\\Coolmg‘COII Discharge> e L N N G
N NI N > > 1008 ]
N (8_?‘ N 50/« > NN
N N H . -]
- Outdoor Air N
Ny ) N S 1D 007
R
N ~ > N
N N @
.006
< < <
N \8 N
S SO Pa<
. 'S 005R S
NS o\
N4 =
NS N <
= ~ 1% 004
N %/\/ £
=
Ja NEE=IEN
—E =003
NE= N o
“m [N N
= ~
N < .
S DTN 0024
N> N
r N ~
N 3
N N E
~ S —.001
ou o NS Rt
N\ N =N -

12 B
Chart by: AKTON PSYCHROMETRICS, www.aktonassoc.com
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