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Tools  Help
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Foltrs -

2 way valve with manual over ride dwg
2 way valve dwg

3 way butterfly contral valve dug

3way reheat coil dug

@ 3 way valve bak

3 way valve dwg

C012-07-07 Simple Flow Diagram Symbols.zip
@) acedit are

& Auto air vent bak
M Auto air vent dwg
Automatic air vent with service valve.dwg

M Back pressure regulatar dwg

Balance valve.dig

IR Ball valve - instrument dwg

&) Ball vatve- hydraulically actuated bak
I8 Ball valve- hydraulically actuated dwg
Ball valve.dug

Barometric dampar dwg
% Basket Strainer dwg

I8 Break HHWER dwg

3 Breok HHVY S dwg

i) Ereak.dug

3 Butterfly valve - small dwg

& Butterfly wale.dwg

Ceiling diffusser.dwg

eiling.dwa

=) centrifugal Seperatorbak

A Centrifugal Seperator.dwg

=) check valve bak

iR check valve.dwg

=) chilled water coil with 2 way valve bok
Chilled water coil with 2 way valve.dug

8 chiller - sodular dwg

@Ch\\lar with Auto Iso Wiv and Bypass bak
3 chiller with Auto Tso Wk and Bypass dug
Chiller.duwg

8 concentric reducer dug

A Condensing Boiler.dwg

“'! Conductivity Sensor.dwg

M cantral - Averaging temperarure. dweg
Control - Cambination dust temp and humidity dwg
Control - Differential pressure sensor.dwa
Control - biffrential pressure dug

¥ cantral - Duet Humidity. dug

=) control - Freezestat hak

"M cantral - Freszestat dwg

i3 control - Tnsertion temperature dwg

P cantral - Limit switch dug

8 control - Make up meter dwn

@ Control - Space huridity bak

i3 control - Space humidity dug

Control - Space tempertaure bak

M control - Space tempertaure dwg

M cantral - Surface Temperature Sensor - Hori zontal.dweg
8 control - Surface temperature sensor dug

3
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Control - Temperature sensar with well dwg
control - Turbine flow meter 1dwg

Control - Turbine Flow meter.dwg

F8 Controls - Air Flow dwg

Cantrals - Averaging fempertoure sensor.bok
I8 Controls - Averaging fempertaure sensor dwg
M controls - Current relay.dwa

Your Own Creativity

S Confrols - Starier ar YFD wiih conirel peinis - ko Fire.dwg
8 controls - Starter or VFD with cantral paints dwa
M Contrals - Starter or YFD.dwg

[ conling Tawer additional cell hak

aaling Tower Additional Zell dwg

[ conling Tower Base cell bak

aaling Tower Base Cell.dwg

[ conling Tower make Up Set Up - Flaat hak
Conling Tower Make Up Set Up - Float dwg
Conling Tower Single Cell. dwg

B caoling tower dwg

I8 barnper - vertical - marual durg

B damper actuatar dwg

I8 pifferential pressure switch.dwg

8 bouble break line.dwg

) Lrain.dwg

L Coil with Hot Sas Byposs bak

L Coil with Hot Sas Bypass.dwg

Ecentric reducer dwg

@ Economizer section - Mo MOA - Opposed blade bak
8 Economizer section - No t0A - Opposed blade dwg
i Econamizer section.dwg

"M Electric Healing Coil dwg

Enthalpy whee|.dwg

Evaporative conler. dwg

Expansion Loop.dwg

Expansion tank diaphram type dwg
Expanszion tank open type.dwg

8 Face and bypass damper dwg

@ Fan Powsred Terminal Unit - Serigs.bak
“'! Fan Powered Terminal Unit - Series.duwg
M Fan. dwg

Final Filter dwg

Flange Cap Right dwg

Flex dirg

M Float Yalve.dwe

FloSet Strainer dwg

FloSet Union.dwe

FloSet valve dwg

Flow arrow - curved.dwg

Flow arrow - straight dwg

Flow arrow.dwq

Flow contral vake dwg

Flow meter - Annubar Type.durg

8 Flow meter - Turhine dug

@ Flow Switch bak

8 Flow Switch dwg

Cate Valve dwg

Gauge and gauge cock dwg

Gouge cock.dwg

Gange with cock dwg

@@augz bak

Gaugz duig

) Hori zonfal damper bok
farpar dwg
2il - 2 way valve - pumped.dwg

= silwith 2 way vakve bak
oilwith 2 way valve dwg
silwith 3 way vake dwg

& Humidifier - Trim.bak

8 HureidiFier - Trirm dwg

Humidifier with shut-of f bak

M Humidifier with shut-off.dwq

Humidifier dwg

M In Line Pump Strainer Ball Yalves Check Yalve dwg

Increaser dwg

Tnjection fitting dwg

TInstrumentation Valve dwg

Tot diffusser o dwg

"8 Lodder - Feed thru ferminal dwg

I8 Ladder - Fused terminal dwg

8 Lodder - Grounding ferminal dwg

I8 Ladder - MO contast dwg

F3 Lodder - Switeh terminal dwg

Line size bottom.dwg

Line size right dwg

Load or equipment block bak

Load or equipment black dwg

Load with 2-way valve bak

8 Load with Z-way valve dwg

¥ Load with 3 way valve dwg

B Louver dwg

Maka up meter bak

B ke up meter dwg

hzchanical Coupling.duwg

Needle ifalve dug

mew block.dug

8 Mode Mumber Left Battom dwg

8 Mode Mumber Let Top.dig

“"l Mode Mumber Right Battom dug

™ Mode Mumber Right Top.dwg

MY EX AHU CHW Coil Bank dug

he break line.dug

™ Pipe size leader.dwg
8 plate and Frame Heat Exchanger with Aufo Tso Walve dwg

Plug alve dug
Prefilter with Bag Filter.dwg
prefilter with final filter dug
Pre-filters.durg

B pressure - temperature test part dwg
Pressure reducing valve.dug

M pressure relief door - Labeled dwg

Pressure relief doar - Posative - Labeled bak
Pressurs reliet doar - Pasative - Labeled dwg
Pressure relief doar - Posative - Mo label.dwg
Pressure relief valve dwg

Pressure switch.dwg

Prop fan dwg

PRy dwg

purp - ball valve suction diffusser check hok
Pump - ball valve suction diffusser check.dwg
"! Purp B0 Switch dwg

Pump Gauge Set ino strainer) bok

Pump Gauge Set (o strainer).dwg

Pump Gauge Set fwith strainer) dwg

Purnp set with 2 BF Strainer Flex and Check bak
Pump sef with 2 BF Strainer Flex and check.dwg
B purmp set with 5D Flex and TDY.dwg

Pump fimes Z.dwa

M Purap with 2 BF mech flex and check na note dwg
Pump with 2 BF mech flex and check bak

Purap with 2 BF mech flex and check dwg

Pump with 2 BFs check and flex dwg

Purap with check and 2 butterfly valves dwg

Radiant panel.dwg

RAG with filter.dwg

Reheat coil with 2way valve dwg
Riser - Conduit Body.dwg

Riser - Junction Box.dwg

Roll up garage door.dwg

Ron's Valve dwg

SEM_2WCW DWE

SEM_3WCY. DWES
SEM_CRLY.DWE

SEM_DMPA DWE
SEM_DP.DWE

SEM_FISD DWE

SEM_SMEDR DWE

B SEN_STRT.DWGS

B SEM_TAY.LWE

Sensor - Air Flow bak

Sensor - Averaging temperature bak
| Sensor - Duet Humidity bak
Shell and tube Hex durg

84 shot feeder dwg
Size lead - Harizontal - Bottom bak

i ze lead - Horizontal - Bottom dwg
Size lead - Horizontal - Top bak
£8 5ize lead - Horizontal - Top dwg
Size lead - Yertical - Leftbak
8 5ize lead - viertical - Left dwg
Size lead - Yertical - Right bak
8 5ize lead - ertical - Right dwg
Sound Attenuator.durg

Steam Heat Exchanger bak

8 Steam Heat Exchanger.dwg

8 Strainer with blow down dwa

Suetion biffusser - 90.dwg

Sump pump with check valve dwg

Tark dwg

Temperature transmitter with calibration thermometer dwg
Tetmperature transmitter with salibration well dwg

8 Temperature transmitter dug

5 Thermometer well bak

8 Thermometer well dwg

"-Tharmnmmr with 2nd well dig
Thermemeter bak
Thermameter dirg

Three way valve dwg
Triple duty valve dug
Turbine Flow Mefer dug
TurFl dwg

Twa way valve.dirg

B Typical pump assembly.dirg
Typical Zone dug

R Union dwg

Ut Array.dwg

wane meter dwe

WwAY reheat terminal with fwo way hot water coilbak
WAY rehaat terminal with twa way hot water ol l.dwa

8 vertical damper medium dwg

3 vertical damper small dwg

B vertical darmper.dwg

3 vertical opposed blade damper - closed dwg

B vertical opposed blade damper - open dwg
wertical opposed blade damper with actuator - short dwg
Wertical opposed blade damper with actuatar.dug
WFD dwg

3 yictaulic Flex dwg

TR yyater meter dwg

fSzone darmper dwg
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n
Supply Tempsmturen [ [
P 3 &
Chiller BTU Meter System Flow Meter
3
o— Trane 40 Ton Air-cooled "Cold Generator*
: 4 refrigeration compressors
Elow 4 condenser fans
proof gy | Chiller | Cols 25% water/glycol mixture (brine)
bk CH-1 | Air Conditioning Cooling.
Cool 100 gpm of 53.6°F brine to 45°F with 95°F ambient air
= Tce Making Cooling
A ool 100 gpm of 30°F brine to 24°F with 75°F ambient air
o
To domestic water make-up via
aback flow preventer
: NOTES:
Chiller Btu Meter o 1. Sensors shown as surface temperature
Return Temperature Sensor sensors (IJ_) appear to be installed with out
wells. But the insulation has not been
‘FE Abdhdo W plack to verify this. Sensors labled as serving Btu
- " meters have not been verified as being wired to
= the meter. Coil EWT Indicator
Sun Powered
Sinfuce Tenperatire senar 2. Line sizes are from the installation ="
ce Tank Supply Temperature drawings and have not been field verified unless 114"~
br=H otherwise noted. N
e T ol (=0
[ Abandon in place -Vt Upper ;:ggo - g/fﬂnin Building
e il ! m
Fl sw N AHUZ - Training Room ol Entering conditions - 77°Fta, 64t
L Training | 2,400 cfm N Lower | | eaying conditions - 56.8%Fta, 56"Fte
; aal e et | LA SR
- Pump Farthest from the Wall o = Pump Closest to the Wall e Ioopat water emtenivg ot S5F -
Bell and Gossett 1-1/2" BC Bell and Gossett 1-1/2" BC PT ; 3
53 gpm at 106 ftw.c. *g— \) 53 gpmat 106 Frauc. b Coil LWT Indicator
5hp C 5hp l<m, Sun Powered
E| Differential pressure switch Suction "1 Impeller trimmed to 7-3/4" to =
][ provides proof of operation Diffuser ] deliver 106 gpm at 58 ft.w.c. -4]])
input to the control system 4. using27 bhp w
1" Differential pressure switch -1/4" - =Th
F# provides proof of operation
2-1/2" Typical —p  input to the control system
3
[ 3"
EN b
Tce Tank BTU Meter ! | s
Supply Temperature
s
EN
Ice Tank BTU Meter
tes—  Return Temperature N
N
o '
Surface Temperature Sensor _ |
Return Temperature . .
s 1.

Physically Complex,
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-
Supply Tempemfurf 4 ‘L ”
Chiller BTU Meter 2 System Flow Meter
=,
O Trane 40 Ton Air-cooled "Cold Generator”™
4 refrigeration compressors
Flow [~ "] 4condenser fans
proof gl | Chiller Cools 25% water/glycol mixture (brine)
interlock | CH-1 Afr Conditioning Cooling Mode
Cooal 100 gpm of 53.6°F brine to 45°F with 95°F ambient air
Ice Making Cooling Mode
= Cool 100 gpm of 30°F brine 1o 24°F with 75°F ambient air
F-
To domestic water make-up via rcwa_‘”_
a back flow pr 3
i NOTES:
Chiller Btu Meter I 1. Sensors shown as surface femperature
Return Temperature Sensor sensors (0_) appear to be installed with out
— : wells. Burt the insufation has not been removed
Fﬁ) Abdndon i place to verify this. Sensors labled as serving Btu
. o meters have not been verified as being wired to
EE = 1 the meter.
e
?"rf:.m'kgm”am.;"“ Sendor 2. Line sizes are fram the installation
ce Tank Supply Temperature. drawings and have not been field verified unless 1-1/4"
Dr s otherwise noted.
]
PT:
) Abandon in place vt
Fl sw
L P |
T_ : | Frmmng \
0 3 i LA HUg__
ot Pump Farthest from the Wall &0 | Pump Closest to the Wall
Chemical | % Bell and Gossett 1-1/2" BC ™ | Bell'and Gossett 1-1/2" Be PT
shot | “2  ds= ) 53gpmat106 ftw.c. ( 53 gpm at 206 ftw.c. o
feeder T el 8 0 5h 5h = [
»']!‘( PRV «0 Suction | Differential pressure switch Suction Impeller trimmed to 7-3/4" to J
£l w1 Diffuser provides proof of operation Diffuser | deliver 106 gpm at 58 ft.w.c.
o~ = “ ', input fo the control system = using 2.7 bhp e
Expansion 2"14"\ ' |~ Differential pressure switch /4 —
Tank h " provides proof of operation
. 2-1/2" Typical < input o the control system
L
——- seim<])
Ice Tank BTU Meter ! I 3" 4
Supply Temperature,

1-1/4" (Typical) 3
Ice Tank BTU Meter
|| 1 Return Temperature
o )
Surface Temperature Sensor _|

Ret

rn Temperature

T
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AHUZ - Training Room

2,400 cfm

Entering conditions - 77°Ftas, 64°Ftw
Leaving conditions - 55.7°F$a, 55.1°Ftw
10 gpm of water entering ot 45°F

_] Upper

Coil EWT Indicator
Sun Powered
-

AHUL - Main Building
coil | 26500 cfm

i

[———— Entering conditions - 77°Fta, 64°Ftw
Lower | | eqving conditions - 56.8°Fta, 56°Fte
Coil 95 gpm of water entering at 45°F
Coil LWT Indicator
Sun Powered
=iTh

10
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A Ladder On Its Side in Japanese

REIZIZLZ D &SI

Yoko ni hashigo no yo ni

We're doing that Japan training this week .... Just thought you'd
want to know that the phrase "Ladder on its side" has officially

been translated into another language!!
Brian Clark
Mechanical Engineer, Energy Branch
Construction Engineering Research Laboratory
US Corps of Engineers
Former EBCx Workshop Student



[ outs

See Sheet Rvwil

SEE SNEST MU N e sl | EE SNesT Hwla 2eg Shest Hefln

_'_;gr : _ L | L L I | e
Lo ™ . __ L _ L _ L ______4a_4

= = r = =

-—em am wm wm wm omm omm ommde o am m mm om owm ak -

T T T T Tower Reheats LISS117 | TowsrRabeate 118119 | Towsr AN 7 8.0 10513 ' Fowar AMUsL 3 6844 | Towsr M2 411812
| See Sheet Hi' 13 | See Shest HW14 | See Sheet HA LS Zee Sheet HWLG

Mo

New Seattle Court House Heating Water System Flow Diagram

Reviiiors: 1-Revised builer piping tomatch actud factory piping. Revisions: - Corrected return piping at boder retuen headers ! AT

Fevbiors: - 1-24-02 - Modified arrangement of foctory piping to make it dearer FP DBrawn b)r: DAS bate: Apr‘l| 29, 2002 H \\ {-}()
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Dealing With a Ladder On Its Side “On
Drugs

[camen
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New Seattle Court House Heating Water System Flow Diagram
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Fevisiors: 3 - 12-15-03 - Updated and detaied to indude rodint panel heat exchanger ard HP12.
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New Seattle Court House Heating Water System Flow Diagram
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New Seattle Court House Heating Water System Flow Diagram

Revisiors: 1-Revied boiler piping to match actud factory piping.
FEevisiors: - 1-24-02 - vodified arrangement of foctory piping to make it clearer

Feviors: 3- 12-15-03 - Updated and detailed to include radiont panel heat exchanger and HF12.
Feviors: 4- Felease 3/23/04

Revisions: § - 7-6-04- Revised rodiant parel pump connect ions.
Reviiors: §.1-7-7-04- Revised rodint pael connect ion to the boier header.
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“What’s using up the pump
head?” focus

GED
Abandon n placs

Chillr BTU Meter

[ Retum Temperature To domesti water moke-up via

abask f buprevent ar

T

NOTES
1. Sansons shau oz surfoe bempe rature
sensars (1) appear fo be hstalled with out
wllz. But T nfubotin hos not besn remoued
Have iy Hhis. Sansons lb ad oz 2 ing Bhu
matars has nof baen ueriFisd o= b ing wined to
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2. Line sizes are from the installation

drawings and have not besn f ield ve rif ied unless
ofhe ruise note

3

br -

=

Che mizal
Feoder

Expansion
Tank

[ Abandon in ple
iE

5
Pump Fasthest from the Wall
Be lond Gossett 1-1/2°BC
52 gpm af

1 Pump Closost fo e Wial
Dellomd Gogset 1120 B
5 gmat

L

She
Tmpeller trimmed to 7-3/4" to
deliver 106 gpm at 58 1wz
using 27 bhp.

DifFerent il pressure switch
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nput 1o the cant ol system

Sution
Biffuse

212" Tpical

Pany
b

Trans 40 Tan A i-conied “Geld Gererator
vt igs ration compressars

Flow Cools 257 vater/alycol mictins (orine)

proat A3 Condming ool Hods

interlosk ool 100 gpm of 53.6° br e fo 45 with 97 anbient ar
Jce Haking oo

ockig Hode:
ool 100 gpm of S0° brins fo 24°F with 757 mbisnt o

DSystem Flow dhete r
Chiller BT Mater

Supply Tompe raturs IEWT Indicator
Sun Powered
=

"

AHUE - Mais Biténg

26500¢fm

Eniering cond tors - T7°F1-, 6471

Leaving cond tions - 56,81, S6°F1
5 gpm of water sntering of 407

AHU2- Traiing Room
2 a00¢km

Enter g condifions - 774 ., 647t
Leoving conditions - S57F 4., B5 FF+

T 0cpm of water crterng at 4TF v
e Coil LT Indicator
= Sun Pousred
=
¥
Ly = =m

Surface Tempsraturs Sensor
Return Temps raturs Ei

.- S
-
o Tork BTU heter
!uvam Temperature
EORS o}
i~
# Livacrpoa

Tee
[staroge

Leo Tonk 5T etor |
3 Supply Tomperaure

“What’s making and using cold

glycol?” focus

Suppiy Temperat e
Chiler BTUwster )|

System Flow eter

eigenation compe
4 e fane
Coo 25 warer

Flow

e merwe (trine)
fone

proof
nfsrlock

Spmor D hners ¢

To domesti wator maks-tp v
abock flow praventer
NOTES:

Chiler Btu ter
Return Tempsr abure Smsor B N

M abarden nploce

Fisw
ki the mater.
Sufoce Temperature Sensor
Tee Tark SuppIyTsmpmnwrsEJ z
b ofherwenoted
™

> Abamen nploce
Fi s

ool K0 gpmof 53°F brine 10 4F with %

L

Fambicrrsir

FFamtiem i

Sensors shoun as suroce fem prture
senaors (1) cppaar fobe st sdwith cat
wals. Bt e oulation s n

Tova iy this. Sonsors labled s oo
oters hors o bosn verified  being wirad fo

een remored
riing Bhu

Lins sizas are from the ratallation
drawings md havs not been field verified urless

-
Pump Farthest fron the Wil B Punp Closest fo the Wl
Chemical Bsll ang Gessstt LU2" B0 Bl and Gassatt 11/2°BC
shot ) agem ot 10611 nc 53gpm af 1061t
Teoder Sy shp
- BA' ifferenti pressurs snitch Inpeler trinmed o 7-3/4'to
ordes prob o deliver 1060 ot 55 frux
proof of n
b put fothecenird system <, usig 27 biy
Espansin T vifferantinl pressurs suitch
. L B prondes proc o sper
212 Typicd Ut toths control systam
T
—
P— -
Supply Temparature
X X
Lw‘ﬂwm) o ¥~

L Tcs Tork BTU Wster
1 ©Renrn Tsmparcture

ar
Surface Temperatire Sensar
et Temparature o

[

ey
P

et

[rrainmg
AHU

PTe

)
X

"
11—

ARUZ- Traning Roery
0 <om

G ering conditon: -

g omition:

mor wore crve

Ve
0.

ol EWT Tndicrtor
S pausred

AL - bicin Buidtg

Coll LWT Tndiator
Sun Poer:
=

=

e



‘Untangled” versus “Tangled” (SRS

\ Webster /,

tangled adj

1. existing in or giving the appearance of a state of utter
disorder

2. very involved : exceedingly complex

BAsiC CONCEPTS
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“Untangled” versus “Tangled”

Keep simplifying things to minimize line crossings and head towards a
“ladder on its side”

But remember:

Things should be made as simple as possible, but not any simpler.
Albert Einstein

That means for a system diagram, order of connection “trumps”
untangled

BAsIC CONCEPTS 20
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An Exercise Applying What You've Learned
So Far

« Half the class take the piping plan in the next slide and
make a system diagram from it

« The other half of the class take the schematic in the
previous slide and make a system diagram from it

« See if there are any problems that jump out at you from
your system diagrams

« Did you recognize/understand them before you did the
system diagram?

BAsiC CONCEPTS
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See Any Problems
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A Recent Field Experience
http://tinyurl.com/2023-09-20CHWPumpConnection

=] Jess's CHW Pump

Click here for the field
sketch of the CHW K
system diagram

Yellow dots are
spherical panoramas


http://tinyurl.com/2023-09-20CHWPumpConnection

Order of Connection Matters

N/
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Getting Ready to Go Out in the Field

Study existing drawings if they \,,M wﬂ

exist

* May include a schematic
 May reveal issues

* Provides a first draft

Be ready for reality

» Clipboard

N ey
5 e,

-~ £
R

« Paper
* Flashlight
« Camera
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Getting Started

Find something you can identify
 Nameplate data

« Labels

» Past experience

BAsiC CONCEPTS



Getting Started

Find something you can identify
 Nameplate data

+ Labels e BP
- Past experience &

™ Evaporator

Supply line

17 sk
Return line —__—= LT
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http://av8rdas.files.wordpress.com/2010/09/pec-evaporator-piping-detail-roof-only-r1.jpg

Getting Started

Find something you can identify
 Nameplate data

« Labels

« Past experience
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http://av8rdas.files.wordpress.com/2010/09/evaporator-plan.jpg

Getting Started

Find something you can identify
 Nameplate data

« Labels

« Past experience
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http://av8rdas.files.wordpress.com/2010/09/evaporator-elevation.jpg

Getting Started

Find something you can identify
 Nameplate data

« Labels

« Past experience

Start following the system of
interest

* Your first effort will likely not be
your last effort
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Getting Started

Find something you can identify
 Nameplate data

 Labels

« Past experience

Start following the system of
interest

* Your first effort will likely not be
your last effort

* “Follow your nose”
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Getting Started

Find something you can identify
 Nameplate data

 Labels

« Past experience

Start following the system of
interest

* Your first effort will likely not be
your last effort

* “Follow your nose”
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Getting Started

Find something you can identify
 Nameplate data

 Labels

« Past experience

Start following the system of
interest

* Your first effort will likely not be
your last effort

* “Follow your nose”
» Make decisions at tees
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Getting Started

Find something you can identify
 Nameplate data

 Labels

« Past experience

Start following the system of
interest

* Your first effort will likely not be
your last effort

 “Follow your nose”
» Make decisions at tees
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http://av8rdas.files.wordpress.com/2010/09/out-from-under.jpg

Getting Started

Find something you can identify
 Nameplate data

« Labels

» Past experience

Start following the system of
interest

» Your first effort will likely not be
your last effort

* “Follow your nose”
« Make decisions at tees
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http://av8rdas.files.wordpress.com/2010/09/coil-piping-close.jpg

Getting Started

Find something you can identify
 Nameplate data

« Labels

» Past experience

Start following the system of Skl g
interest JISENSHEL;

AL
— -

* Your first effort will likely not be 1
your last effort

* “Follow your nose”
« Make decisions at tees
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http://av8rdas.files.wordpress.com/2010/09/coil-piping2.jpg

Getting Started

Find something you can identify
 Nameplate data

« Labels

« Past experience

Start following the system of
interest

* Your first effort will likely not be
your last effort

* “Follow your nose”
« Make decisions at tees
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Getting Started

Find something you can identify
« Nameplate data S
« Labels " on ta the AHU chilled water

Supply from chiller, continuing
. coil and associated control
« Past experience ke

Start following the system of
interest

* Your first effort will likely not be
your last effort

Branch in
supply from

* “Follow your nose” be chiller; Labeled

‘B
Labeled “A” ——

« Make decisions at tees

BAsic CONCEPTS



Getting Started

Find something you can identify
 Nameplate data

« Labels

« Past experience

Start following the system of
interest

* Your first effort will likely not be
your last effort

* “Follow your nose”
« Make decisions at tees
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Getting Started

Find something you can identify
 Nameplate data

« Labels

« Past experience

Start following the system of
interest

* Your first effort will likely not be
your last effort

* “Follow your nose”
« Make decisions at tees
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http://av8rdas.files.wordpress.com/2010/09/system-diagram-roof-part-marked.jpg

Getting Off the Roof

 |dentify a Point of Reference
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http://av8rdas.files.wordpress.com/2010/10/pec-roof-with-notes.jpg

Getting Off the Roof

|dentify a Point of Reference

BAsiC CONCEPTS

The elevator shaft and
stairwell | will use as my
vertical frame of
reference are here

-

All three pipes go
through the roof below
8 the steel at this location




Getting Off the Roo

 ldentify Your “Pace”

» Use Your “Pace” to Develop
Coordinates Relative to the
Point of Reference

|dentify a Point of Reference

f

BAsiC CONCEPTS
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The elevator shaft and
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Getting Off the Roof

 |dentify a Point of Reference
 ldentify Your “Pace”

« Use Your “Pace” to Develop
Coordinates Relative to the
Point of Reference
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Getting Off the Roof

 |dentify a Point of Reference
 ldentify Your “Pace”

« Use Your “Pace” to Develop
Coordinates Relative to the
Point of Reference
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Getting Off the Roof

 |dentify a Point of Reference
 ldentify Your “Pace”

» Use Your “Pace” to Develop
Coordinates Relative to the
Point of Reference

* Apply Your Coordinates on a
Different Floor

* Leverage Existing Labels
(Maybe)
« Cutting a hole in the wall or

shaft may or may not be
warranted

« Leverage other clues

« Some of them may be
misleading

BAsiC CONCEPTS



What About Drawing Programs?

AutoCAD and AutoCAD LT

Quasi-standard in the industry
Full version $3 — $4K

Factor of 4 price difference
between full and LT version

Visio

LT probably sufficient for most Cx

providers

Steep learning curve

Can do more than diagrams
— Drafting

- Some 3-D

— Automation

Microsoft family
Full version about $1K

Factor of 4 price difference
between low end and high end
versions

Geared toward diagrams
— Not as universally applicable
— Faster to pick up

Basic wire-frame capabilities in
higher end products

Interfaces with other Microsoft
products directly

BAsiC CONCEPTS



What About Drawing Programs?

Draw — OpenOffice.org

Free

Limited page size (about 12" x
127)

Basic diagramming features
3D capabilities

Word/PowerPoint Drawing Ultilities

Part of the Office package

Difficult to use for complex
drawings

Relatively easy to pick up for
basic shapes

Some issues with alignment in
2007 versions

BAsiC CONCEPTS



What About Drawing Programs?

Sketch-up
* Google/Trimble
* Free

« Using 3D model to convey 2D
information

BAsic CONCEPTS
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Diagram Drawing
101

rs can be used tc

» Distinguish different types of fluids
(chilled water, hot water,
condenser water)

« Distinguish hot from cold, warmer
from cooler, supply from return

& & 0

i & -

1
L1
4+
BT
I

- AHUI - Main Building -
26 600 cfm

~ Entering conditions - 77°Ft., 64°Ftu
Leaving conditions - 56.8°Pta:, 56°Ftus

- 95.gpm of water entering at 45°F

A
A
Al
4
ahc
&
(A}

ot and Publis!

L'wT |MODEL TABLET
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Diagram Drawing
101

rs can be used to

» Distinguish different types of fluids
(chilled water, hot water,
condenser water)

» Distinguish hot from cold, warmer
from cooler, supply from return

« Enhance understanding
mixing with
makes

Air to air heat
‘ exchanger' .

L R

El

o

HE e e 2z 2HpE - 8802
[0 L

' Direct evaporative coolers,
supply and exhaust side
30% F||1'er's

4P |GRID |ORTHO POLAR||OSMAP |OTRACK DYM||L'WT |MODEL TABLET
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reactivation air
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Colors can b« »d to advantage
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switch Electric
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Reheat coil RC-1 30-35% relative humidity
Maintains a 40°F discharge tfemperature to prevent
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. outdoor air brought in for reactivation
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Outdoor air intake at 1st floor reof
level serving AH-C, DH2, and DH-3.
90 cfm taken in for BH-1
reactivation air

Outdoor air to
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SWSI supply fan with current Freezer Roam Cooing and Dehumidification System DH-3
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Diagram Drawing
101

Line weights can be important
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Diagram Drawing
101

Line weights can be important

| \-D Abandon in p|
FI Sw

Heavier lines draw theeyetowards ¥ == = _— ?

the major system elements

Lighter line weights show related
equipment that is auxiliary to the

main system elements
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Diagram Drawing
101

Points where lines cross vs. connect
should be clear

Combination fire/smoke
damper (typical for top of -
shaft penetrations; close
with fan shut down) ————

air fr'om cieiliing plénl.:lm: (ﬁofndlly :
re/smoke damper, typical) |

tion fire/smoke damper |
of all shaft penetrations;
r open unless noted)

T |MODEL TAELET
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Diagram Drawing
101

Points where lines cross vs. connect [z .
should be clear “ B

» Gaps where lines cross need to
consider the plot scale relative to
the line weight

il

Cormbinatbn Firs/smoks
damper (typical far tap of
shaft penet rations; ebse
with fan'shut down)

N7

Lewe | 19
" echanical Shaft 3

' Mechanical Shoft 2

L - - - Return ali Crem osiling plenum (romally
e Tp open fire/smite domper, typical)
=
. radiant panel piping. Combination fire/smons,damper p
Ses HW O3 (Typ) — - . (typical of all shaft penet o s
< _/\_'_ normally apen un ks noted) ~—— I
wa

Level 18

"1 Tronsfer air from s

West corridor (Typ .
i
Supply plenum
(Typical)
L=
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e >

Levs| 17

Level 16

Level 15
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Diagram Drawing
101

Points where lines cross vs. connect
should be clear

» Gaps where lines cross need to
consider the plot scale relative to
the line weight

« “Bumps” can be used to clarify line
crossings but can become tedious
to draw

&0

&

i & -

damper (typical for top of
shaft penetrations; close
with fan shut down) ——

o
f

HERree2 2> | >

SNAP |GRID |ORTHO POLAR| OSNAP||OTRACK DYM| |L'WT |MODEL TABLET

BAsic CONCEPTS



&

LB |y Bl L] 5 1d

Diagram Drawing
1 01 L

Create symbols

* Most programs allow you to take
collections of objects, given them a
name, and save them as a more
complex object

* AutoCAD blocks are an example

3 5
T hiE -

29.1500. 10.1500
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LBt mis L, Lot 16 1d

Diagram Drawing A EPTEnLYy

Create symbols
* Most programs allow you to take

collections of objects, given them a CWP-1

d them mor Bell and Gosset
name, and save themasamore MM [ Endsuction
complex object ol - ??2gpmat yy ftw,.c,

« AutoCAD blocks are an example = ?2?hp, 1,750 rpm, 3 ph, 480v,
« AutoCAD allows you to assign “fill §

in the blank” field for data
associated with the block

« This data can then be extrapolated
to generate equipment schedules,
point lists, etc.

Mininum Efficiency - Pump/M
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Diagram Drawing
101

Create symbols

* Most programs allow you to take
collections of objects, given them a
name, and save them as a more
complex object

. PMPNUMBER - -
-~ PMPMAKEANDMODEL

« AutoCAD blocks are an example o ~ I
e = gy PMPFLOWANDHEAD
« AutoCAD allows you to assign fill 9 ewpmotorInFo
Bl - PMPEFFICIENCIES

in the blank™ field for data S| 2 PHPOTHERL
associated with the block B
« This data can then be extrapolated

to generate equipment schedules,
point lists, etc.

* You can also edit blocks after they
are inserted

OTRACK DYN||LwT TABLET
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Diagram Drawing
101

Desirable habits/features
* Frequent “saves”
« Enable “auto-save”

¢ RGgUlar baCk'UpS AutelAD LT has encountered an error and must shut down. We

regret any inconvenience this may have caused.
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 Pressure brop Through Tees
2009 ASHRAH Handook of Fundamentals

Tee’s are Important \ T

For both the physical system and the
system diagram:

« Divergence or convergence of
flow

 An opportunity to introduce a
problem if the order of connection
IS not correct

For the physical system, they
represent a pressure drop 010 B _ Nl
o S|g nificant 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of Water Flowing Through Circled Branch

w
=
Q
2
L
-
c
Q
®
=
3
o
L
Y
o
—
o0}
o]
£
3
=z

« Highly variable with configuration

Notes:

1. Chart is based on straight tees (i.e., branches A, B, and C are the

same size).

2. Pressure loss in desired circuit is obtained by selecting the proper

curve according to illustrations, determining the flow at the circled

branch, and multiplying the pressure loss for the same size elbow at

the flow rate in the circled branch by the equivalent elbows indicated.

3. When the size of an outlet is reduced, the equivalent elbows shown

in the chart do not apply. Therefore, the maximum loss for

any circuit for any flow will not exceed 2 elbow equivalents at the

maximum flow occurring in any branch of the tee.

4. Top curve is average of 4 curves, one for each circuit shown.
5. Data from Giesecke and Badgett 1931, 1932.

Basic CON



Elbows; Not So Much Maybe

From the perspective of the system
diagram:

« Just a bent piece of straight pipe
« Water in = Water out

Resistance of 90
{ Degree Bends

A One way to think of elbow resistance is
| Paper410 to consider it as composed of:

The Crane papercites . . . .

| Pressure Lossesfor Flied Resistance due to interaction with
i Flowin 90 Degree Pipe

# BendsbyK.H.Beij, Journal H

i ofResearchof National the plpe Wa”

i Bureau of Standards, Vol.

i 21,July 1938

IS

o
Q
-
e
]
2z
5}
E
& 5
a3
o
2
o
c
<
£
=)
c 2
g2
-
"E
o
T
=
3
o
i

—Resistance Due to Length

10 12 14 16

Relative Radius (Bend Radius/Pipe Diameter)




Elbows; Not So Much Maybe

From the perspective of the system
diagram:

« Just a bent piece of straight pipe
« Water in = Water out

Resistance of 90
{ Degree Bends

A One way to think of elbow resistance is
| Paper10 to consider it as composed of:

The Crane papercites . . . .
| Pressure LossssforFlied Resistance due to interaction with
i Flowin 90 Degree Pipe
-~ BendsbyK H.Beij, Journal H
i ofResearchof National the plpe Wa”
i Bureau of Standards, Vol.
i 21,July 1938 +

—Resistance Due to Length

o
Q
-
e
]
2z
9]
E
&
(=]
o
2
o
c
<
£
=)
2,
o]
]
k=
@
)
=
3
o
i

—Resistance Due To Flow
Changing Direction

10 12 14 16

Relative Radius (Bend Radius/Pipe Diameter)




Elbows; Not So Much Maybe

From the perspective of the system
diagram:

« Just a bent piece of straight pipe
« Water in = Water out

Resistance of 90
i Degree Bends

Taken from Crane Technical
—  Paper410

| TheCrane papercites
Pressure LossesforFluied
| Flowin 90 Degree Pipe

<~  BendsbyK.H. Beij, Journal
i ofResearch of National
| Bureau of Standards, Vol.
P21, July 1938

i

—Resistance Due to Length

B
a
-
®
5]
g
4]
£
g3
Q
a
o
c
=
£
j=)]
c
7]
-
=
g
[1v]
=
3
(=2
(]

| —Resistance Due ToFlow
i Changing Direction

—Total Elbow Resistance

6 8 10 12 14 16

Relative Radius (Bend Radius/Pipe Diameter)

BASIC CONCEPTS

One way to think of elbow resistance is
to consider it as composed of:

Resistance due to interaction with
the pipe wall




Elbows; Not So Much Maybe

From the perspective of the physical
system:

 Pump energy required

* Long radius = optimized loss =
energy savings

Resistance of 90
Degree Bends

IR One way to think of elbow resistance is
Paper410 to consider it as composed of:

The Crane papercites . . . .

Fresaure LossesforFlied Resistance due to interaction with
Nesonal the pipe wall

Bureau of Standards, Vol.

21,July 1938

&

—
a
2
@
g
]
=
8
g
o
L
o
[—

hort Rad|us Elbow

Pressure Drop Savmgs = Energy Savings

: ! | =T ! ! ! —Resistance Due to Length
i Long Radlus Elbow

EquivalentLe

—Resistance Due To Flow
Changing Direction

—Total Elbow Resistance

10 12 14 16 18

Relative Radius (Bend Radius/Pipe Diameter)
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/

Show all tees |
-+ Verify order of connection R0
-+ Qrder of connection “trumps” drawmg?_;,mza’uoﬁ

» Drawing organization “trumps” maichlngm bi'anch and -
' main.configuration in the field [\ .

- Don t show elbows

. Turns on the system diagram should be made for

drawing organization purposes, not to reflect real
elbows /

;' -
.;I’_ -
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:Ibows that form traps or inverte
ps in open systems

yes that run above basin Ievel
open systems |

pe runs with an relatively
cessive number of elbows

es where the pressure drop

eated by the installed
onfiguration could cause an
derational issue
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ur Focus Has Been Hydronic

Systems What About Air Systems’?
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The same general rules applj"y . R
Significant differences from F?lpmgsystems

Envelope is a part of the system

Mass (air and water vapoq) are actlvely 'moved across-

the system boundary by the operation of the system
The water vapor can change state in the system
People move around inside the systems

Building processes occur inside the system

e "1
)~ A




= = HVAC ntegrity.
/ ' s i e o |, = £, e

g~

. A Lo [CATLE R

E INC.,

W AV
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Smoke cycle outdoor

Smoke exhaust fan air intake
O O
Interstitial Space
& Make up AHU * *
Scrubbers
| 5 NI ] and process
Mechanical B Mechanical exhaust
Room |\ Ceiling Supply |5 Room | fans
Plenum Yo S
Attenuator ro——— - . o ﬁ ﬁ é = f Reheat coils |
g g U g g g g v QCY i
Recirc. Clean Room (Fab) Acid
Fan D Clean Etch N
orridor | 1 o
Corrid. Room Lo
& T oo N % N N\
s . Wducﬂoﬂ g ‘ ‘ D ‘ ‘ ‘ ‘ Clean Cooling/
a "Tool ! < Corridor Recirc. AHU
* fo oy ooy fle T | :
Cooling | o o I & X & Q&
el Q o> I
| only AHU | H Attenuator Subfloor Return Plenum 1 |/
(- CJ (-] (-] (-]
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Smoke cycle outdoor

Smoke exhaust fan air intake
i M 6,000 cfm out
o ae)
Interstitial Space
o Make up AHU
5,000 cfm in
: = ' Scrubbers
. and process
Mechanical B m—r Mechanical exhapusf
Room .\ Ceiling Supply o Room fans
Plenum : ‘ )
Attenuator — . . fo__ té; ﬁ é A Nl ‘s Reheat coils | ©
' y, y, Y . . y, v U QCY f
Recirc. Clean Room (Fab) Acid
Fan TT Clean Etch
Corridor Room RS Lo
& T oo & 0 N
. W;ﬂ_{;(c)}“l‘oﬂ 1 ’(@ ? ‘ ‘ C/ea/? quling/
* %—O << ‘ 11 ‘ |:| |:| |:| o I ] CO/"/‘/O’O/' ‘ RZCII"C. AHU
Cooling | o o I S X @ &
il o [ [
| only AHU | 1 1 Attenuator Subfloor Return Plenum 1 H
(- [

BAsIC CONCEPTS

85



Smoke cycle outdoor

Smoke exhaust fan air intake
i N * 6,000 cfm out
O O
Interstitial Space
o Make up AHU
5,000 cfm in
‘ = ' ‘ Scrubbers
. , and process
gechamca/ _ i - Mechanical exh(fusf
oom Ceiling Supply o Room fans
’ ’ 7 Plenum : ! 1=
Attenuator ro— -~ . | -~ fo_ té; ﬁ é A Nl " Reheat coils | © e
' g g g g g g g 7 QCe fi -
Recirc. Clean Room (Fab) Acid
Fan = Clean Etch .
Corridor Room | > Lo
& T o I & & o -\
Production i:@ Clean Coolina/
a “ N FTOOI ‘ T L ’( m I? ‘ ‘ Corridor Rec(i):cmzHU
* fo S = wou| == e e N S = I | :
ol f L e o i D5 n -
| only AHU | HAT’renuaTor SUbfloor' Refurn Ple |: 006 Cfm in 1 -
— [ — ] ]
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| Atriums interconnect floors |

o
Lo SR, P
ES S
oo
E B
Loe S —
o Outdoor Air 08
[ sware sttt Cleators Short larrs st shor| oursor
i s ) ot 7 f | St ok o
o H T T [ o
- Lol
A 5
start Glrators start ' Lol
. i ? s ors f f | S &
g e
shat Lol
i ? i
shart Glrators st Lol
i i s Hrpons ot f H ons” | St i
g 7|
sttt -
15 2 15
- shart Clratrs st . : short| Lot
i i 7 Hrpons Sond f H rons” | S r
g e
st roel
13 2 13
shot Clratrs sharts . . Lot
B i 7 o o 7 H e | o &
f e
Lol
i i
sttt Clatrs sharts . ' toel
i i 7 oy ot 7 f e | S b3
Gevtors ; 2 | o
oot
Lol
9 Shaft 3 4
sttt Clators Sharts 3 . EQ ot
4 i 7 Fr o i f e | s 7
g A stven
5
o geno Glvators Sharts prre
Tive Tiuve Foarrs Copoam
Ll couom Courtoem . soon
4 st [ ot st | “hon st ltvatrs B Shatt shart ot
i ? Sers f f end | Sand A 7
g e
5
L short — Flvatrs sharts ltvarrs — ’ short shot
i o o Pl ey s 7
8 2 * LY
El 2
Glrators st Grators Shart
Hrpns et 5
’ U
£
Clvatrs ordls Givarors eatrs o short hart
ot st s 7
1 ; Sump fevatgr ‘
10 levators |Elevator Stair
/ ” future) in‘nd
L s S P
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| Atriums interconnect floors |

air and elevator shafts act
himneys

-
- S P
B %
[ .
Lo L
o Outdoor Air 08
fomi e . o st ] st st oor
. Lot
swor Foators sttt . ot
st roel
P s sttt ot
. roul
15 2 5
re shar s st : . st roel
st 1ot
13 2 13
st e sttr . . . ol
1ot
. e sttt . . ol
s H = %
ot
5 swtr 5
st foutrs s 4 . ED e
h 7 H semiy i Y i o | 3and A S
H rll pro
7 Open t¢ Open te Open tc
T T s swtts i
Ll e cason
B B P I stoes s st st it e
§
‘ st m o shtr o] — st st
= %
4
s st Gotors o
A
5
. o s . .
g
§ el
tair | 10 levators |Elevator Stair;
/ 1 future) 3and

BAsIC CONCEPTS




| Atriums interconnect floors |

.
Levey Level talr a e evator S a tS act
[ . .
Lo L y
o Outdoor Air 208
fomi e St o st ] st st oor
H | T
. ot
R
s Foators o3 . ot
st towt
s s sttt o Lot y
st roul
15 2 5
re . s st : . st roel
st 1ot
13 2 13
- . e sttr : . . ol
1ot
st e sttt : . ol
ot
5 swtr 5
st s sttt st . ED s
L 7 b s e 'y f Tons” | Sand p 5
H rll pro i
7 Open Opent 7
Jpen fo n fo. levators haft "
T s swtts i
L] comn cason
A P P stoes s st st it e A
™ |7
§ 5
‘ st m o shtr o] — st st B
= %
4 g
s st Gotors o
5 B
. o o . .
1 ; Sump levatdr 1
[Stair, Elevater tair | 10 levators |Elevator Stair;
1 future) Jond
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Atriums interconnect floors

oot
.
B :7 Los l l I I
I . .
B L< 2o | k
- IKE Clnmneys
208 Outdoor Air 208
Plenum Shaft Shaft Elevators. Shaft [Elevators | | Shaft Shaft {Outdoor
i f Soy ot f & ppid e Lol
o H 7| T e y
19 .
.
E - moke shafts act like
i i 7 Hrs o p f e | S
f 7|
sttt
’ z chi eys and interconnect
o e || - . himneys and in nn
i i s Hros ot f t e | St
g 7|
sttt
15 2
- hart Clratrs s . . S|
i i 7 Hrpons Sond f H |t
sttt
13 2
.
s sttt Clvatrs sharts . , st
i i 7 s o f H | ot
f e
.
’ interconnect floors and shafts
s sttt Fleatrs sharts e . '
i i 7 Er ot 7 5 | o
Gerors ; 7|
Soy
5 sharts
ha Shaft Elevators Shaft 3 et Shat Shaft.
B 7 2 56md7 Sand b 5 Tand | 3and % 7
f 7| sriom A
7 Open te Open 1 i
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Future. Future. & €= Courtroom
L e Chueom soon
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5 5
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The Envelope as the Framework for the Air
Handling System Diagram

| i T
. — — <t
' E ~ve BEERUTIS
m N R
L= . | 2]
| | |
\ B a [ p= - Ew— n w [ 2 |
. [ o] | 1 = | -
— = m - g
l
— = 4
— 5 A
— = i
z A
— = o]
— T A
— 3 Al
— = A
R B3 - al T
Py = =] L i I | i er .- N
R —y — - il
=TT - =TT
I = T
R — — T
R —— — =1 ElN G
= T Leral L
; T ——
= | T
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Direct/Indirect Evaporative
Cooling AHUs 1 and 3 (2 and
4 Similar)

Scavenger fans with intake plenum
and common discharge duet
22,050 cfm total at 1.5 inw.c.
72.7 bhp total

15 hp total

I e ]
[
Air o

Intake with

i fosied
,g [ g a—

o

isolation damper fio g

Hot water preheat coil
with feedfoward control
exchanger T

air heat

i CHR

Ultra-violet light array

1=

Saow

©/

30% Filters Supply Fan
Direct evaporative coolers, Chilled water cail for 34000 cfm at
Scavenger fons EF9 and EF10 Direct/Indirect supply and exhaust side emergency use only, 5.0 inw.c
}%1?10 c(fm ﬁ; 0.37 inwr.c. (gach) gﬁ’”;‘;ﬂ" 30% Filters Iarmally valwved out 4'3 4|:;hi:l
6 bhp (eac Cooling Package g ‘
20 hp (each) AHUZ §§§ ';I_ Return/exhaust izolation damper 50 hp
{2
(s
ot water preheat coi
,L—J\ . H preh |
@ Air to air heat with feedfoward contral ' :
| exchanger 3 % Ultra-vialet light array
H CHR
Intake with l e = i | ——
isolation damper _i-'_%-'_éégé = u " L . - ©
30% Filters Fws e "
. . Direct evaporative coolers, Chilled water coil for ?ipgﬂlffoii:n at
Divect/Indirect supply and exhaust side emergency use anly, 5.0 inw e
% éé% §30°/L Filters MNarmally valved out 43.4 bhp g,};,f,q,}-kpmwm
Locing Fackage -
Level 208 AR @ Return/exhaust izolation damper Bihp Level 208
- Scavenger Fan EF-7 [, ‘
20,000 cfm af LS inwe, == 76—
870 bhp, 10 hp ‘ EFI-JJ;!W[:»
|
Outdoar Air Plenam o Return Air Hlemam
Level 204 . 2 —
g"i’ Scavenger Fan EF-5 il
] Return air from Level 19 20,000 cfm at 15 inw.e | 8
ceiling plenum g
8
=| Returnplenum
Level 19 (ypiced \
~ o 1
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Roof Level

=

% % Equipment Room
2 / Relicf Air Plenur
_____ Level 20D L
I Hot water heating coil
To AHU 10 : MERV 7-8  (not arranged for to MERV 15 - 16
OA damper | prefilter pr'ehea‘r safely) final filter
“:'1! T R = Sound attenuator
- -
> —| > > J > —=) } -
I_’Q_",;j I— HWS L e -
1 : o Chilled water coil  2UPPly Fan 1 VAV AHU 8 Equipment Room
| 46,663 cfm at General Service, Relief Air Plenut
’ = Sound attenuator 6.3 inw.c. Lower Levels,
4 fgol hth Typical of alf
| P VAV AHUs Level 20¢

a
F rd

Metal grates in the
floor slab provide
relief air flow path

_J

between levels 20 B,

C, and D (Typical of
multiple locations)

Return Fan
31,262 cfm at
2.0 in.w.c.
17.3 bhp

20 hp

[BASIC CONCEPTS

Low temperature air VAV reheat
AHU 8 (Typical of 9 other
systems on L20 and 2 systems

in the 8 story office tower on L8)

93




w.C. E E damper (typical for top of

< - .

S S shaft penetrations; close

= < :

< 3 with fan shut down)

=| Returnplenum =

(Typical) \
E‘:‘” R Return air from ceiling plenum (nomall

© 2 _y {m open fire/smoke damper, typical)

AT

Public Lobby (West) & T
3,115 cfm displacement /J

ventilation zone (Typ.) <

W. radiant parnel piping.
See HWO3 (Typ.) /\

Combination fire/smoke damper
(typical of all shaft pene‘rr‘a’rioij
normally open unless noted)

8/

Transfer air from

? _x MW West corridor (Typ.)

¢ C
Return grill to ceiling
plenum (Typical) .

[\\\\

./1 Supply plenum
(Typical)

%,__E .

s

! _ o [ Rl

@h_{;

5

T

&

S

Typical Public Lobby Area (Served Direct/Indirect

Evaporative Cooled AHU)

BAsIC CONCEPTS
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through FSD at
shaft wall (Typical
all floors)

Level 19
ren

Level 18
P

Level 17

Level 16
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e % Smake/ Fire Damper " \
-, Y )
Tal9aHU 2 n O an Ore a
<+ Loy i 3 "‘1 * Zames througha y
E;) Refurn from ot floor g e :"gllj o the shaft
< celing plenum
— N o ower Levels (oerve Yy
& " Tol2AHU 2
i ¥ A 1> = *Zores throwha |
K FSDat the shaft "
both evaporatively cooled
. e h evap y
*, L o b %#-t: ToL7aHUS
= = e Zones through o |
K FSDat the shaft
systems ana Iow
Eeal
Level 7 — 1| Leved 7
= — i
Rl " .
L Lo 2 U X ToLtmdL5
2 il § T e - lemperature air
f through aFaDat
dl
e wl the shaft wall
Lovel 6| 21 - Levd 6
5 5
X 3 : 3 systems
B B
5 5
f f
2 4 2
Level 5| 4% Level 5 %1 = Leve
Transfer ar from 4th floor E‘i‘ il 3 L N
T - 3 It 443
ceiling plerum to shaft 3 Meemally ":"f Mormaly |-T° L4AHU & Mormally L‘:‘ Maormdly
Transfer a tothe Level 41k |4 Closed Closed Zores through a Closed Closed Lyl
return air ced ng plenum Smokes smokes | FSDat the shaft Smokes Smoke/
Firs Fire wdl Firs Firs
Level 4 Camper Levd 4 Camper | Camper Level 4 Lamper Leve
Transfer air from Srd floor po. | i L .
ceiling plenum to shaft 3 P Tol3AHU 8 Zores o | tep
Trarsfer ar totheLevel 559% through a FSD of Lol
return air ceding plenum Public f the shaf't wall ol ¢
Levd 3 Level 3 Level 3 Eantf Leve
Trarsfer ar from 2nd floor Fa ToL2 AHU 8Zones T e Tran
— cgiling plerum to shaft 3 ) P throuch aFshat | 4 U2 & 3 ] cilir
Trarsfer ar to the Lavel 2 €104 8100 cfm displooem ent the shaft wall | 40440cm of 20 hwe. 5,100 ofm displacement 5 Tran
retuen air celing plenum B, 400 cfm displacement vertilation zons 19.9 bhp ventiation zons B 400cfm diplacement retul
ventigtionzore By o 30 hp (typeial of each) 2 A ventiation zone
Level 2 - - i m— Level ©
Return air o - - = Etv = vt—h = \-,h L
j" trmsferad to Toother §] g = I i) ¥ iy f:. 13 z
garage ard 2ones ) J=iLevel 1 generd exhoust (rest rooms md janitor's closets) k
o
exhousted :E» o tey (W
H 4 {
Ist Floor AHUSWAY reheat zune; Typical of 4 Level 1 & L AT l=jos= 28,500 cfm lavel 1 parking areamake up ;
Fressur ed Flenum, Relief ar from WLevel B generd exhaust Ta oth Returnair w5 [% 17 (Basement echaust, 3 642 cfm at 0.5 inw.c.
the buiding used toventiate the @OE trars fered to 78 bhp, 1hp, (Makce up from AHUE)
= garage wia tALZ md 5 od EF 3. zoMEs . qarage od
Tking 24790 cfm level Dparking i F¥hausted .
e eshast Bz370ctm levd 0parking
‘?:_I_ Level 0 1st Floor AHUS WAy reheat zone; Typicd of 10 %Nﬂ maoke up
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]
@th Floor AHUS VAY reheat zone: Typical of &
el ICal NON-10 ower
To ather From AHU 8 duct in =
Return airto ceiling plenum + o nes = through a FSD at the
and through FSD to Shaft 2 R Iﬁq;[}_l  —
- Levels (Served by both
T+h Floor AHUS vAY reheat zone; Typical of 11
Level 7
To ather From AHU 8 duct in = u
Return air to ceiling plenom and theough e Lo 0 thraugh a FSD at the
tranzfer duct and FSbs to Shaft 2 7 Lﬁ‘;n_i  —
N
ath Floor AHUS YAY reheat zone; Typical of 13
systems and low
Return air to ceiling plenum and through transfer *T:DD;::” 03
duct to level 6 and FS0s to Shaft Z on level 6 2 LEH:JJ_.JW .  —
o temperature air VAV
Gth Floor AHUB VAY reheat zone; Typical of 13 p u
Level B d
To other From AHU 8 duct in = )
Return airto ceiling plenum - hes T through a FSD at the S S eI I IS ally
and through FSD to Shaft 3 bl I.E‘J_l 2d
e el
Level 4 4th Floor AHUS YAV reheat zone: Typical of 3 Level 4 Damp:zr
4 haf Transfer air fram 3rd floar . :
From AHU 8 duct in shaft 3 ili
Return airto ceiling plenum '.’TZDD::ISW thraugh a FSD at the shaft wall & celling plenum fo shaft 3
and through FSD to Shaft 3z I @’ . Transfer air to 'T!w LTvz\ ERla
= return air ceiling plenum Public Entry Lobb
Level 3 3rd Floor AHUS VAY reheat zone; Typical of 13 Level 3 [West)
Tranzfer air fram 2nd floar
To other From AHU & duct in shaft 3 ceiling plenum to shaft 3 I
Return airto ceiling plenum - —
and Thsgh FaD Tog .pSha‘H 5 20hes T through a FSD at the shaft wall Transfer air to the Level 2 <1 4 8100 efm d‘.slpk.,cgm ent
Mg; return air ceiling plerurm 5,400 cfm displacement ventilation zone
ventilation zone By 5
Level 2 2nd Floor AHUS ¥AY reheat zone; Typical of 12 Leve| 2 1
4,410 constant relief from the Cafe ceiling plenum. (Make up supplied by AHU 12, pﬁm @jq Return air ! E"‘” ﬁ”'
2,210 efm is supplied directly through the AHU1Z MOA damper. 2,200 iz supplied Level I Parking Ares ftransfered fo To ather, :
from other systems supply flow of fer it has moved through the building and been garage and zones k4 .
returned to the equipment room relief plenum) 1,046 cfm relief air from exhansted ﬁi
occuppied areas via AHUS
Level 1 — and TUsL.2.3. and 4-1-8. 1=t Floor AHUB WAY reheat zone: Typical of 4 Level 1
Pres:
Loading Dock Area Valdewlar Salfy Port Area the
Mormally closed garage 2 MNormally clased garage Marmally closed garage 5 gan
door o building exterior 10,400 cfm loading dock door to loading dock area door to lower level parking 24790 cfm level 0 parking
area exhaust area area exhaust
Level 0 ) L Level O
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The Envelope as the Framework for the Air
Handling System Diagnostics

Flow Arrow Color Codes

* AHU1

« AHU2

| *AHU3
- o AHU4

— <« AHU8 (Note AHU? is not
shown but serves a
similar area and function
for the other half of the
building)

« Return air (all systems)

g

4 O 5§

. 3 * Transferred air
: | i e Qutdoor air infiltration

. I / » Garage exhaust
= ° —
G | \ 1 L

2/‘*:’ < 1l s

1;— — :_‘ 1 il

~ TT V‘r - < >
% = L = — —
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The Envelope as the Framework for the Air
Handling System Diagnostics
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EF2 start/stop command
EF2 proof of operation [
EF2 fire alarm shut down or

EF1 start/stop command
EF1 proof of operation

EF1 fire alarm shut down &

Return shaft static
pressure limit switch N
& '~

Humidifier air 1 “Te roof mounted kitcheh exhaugt fan EF-2 1 To raof mounted general exhaust fan EF-1
flow interlock
- r“'L, | €V Reheat Terminal VAV Reheat Terminal | VAV Reheat Terminal ”
X . X - 4 | b 4
I__Yﬁ (Rl o P “Series fan powered I I Return air 1o Return alr shaft
Humidity hi e ; terminal unt with ceiling plenum
Timit snffyedygh Humidifier == 95% filter and trim I 2 Cvwica u_:} -
warm up switch [| humidifier I L i
" Connection from shaft
53] H 4,700 cf, tranfer air +o ceiling plenum with
2;2 ta Kitehen Exhalsi ‘through Restrooms for fire/smoke damper
iltration exhoust v @
’ &> exterior 5 Ress. st general exhaust fon EF-1 Lohby static pressine
Space humid! Hood an/off switch 1000 emf temperatu
TT7 Swace [ty sensor . TR Hoe swi o fpau (Ty:icnl) re — T 2000 cim
" . exfiltration to jacent areas : —L. . o .
T Tpical Mﬁm':"m . . Typical Student Toilet | Typical Lobby/ Student txfrhrn‘ha_n?: "
Museum Zone & Snack Kitchen o Union Zone Lounge Zone & e A AL
D7 Y S R Ve nTm
Return shaft floor ‘E' ﬁ ﬂ
HWS to perimeter finned tube. penetration with I
radiation elements; Typical alt fire/smoke dampers Y
perimeter zones 1
Maximum l
outdoor —— I, HWR Chilled water Discharge
alr Mixed air g" | Freezestat coil temperature N Pressure relief |
dapers  temperature ? T ? o A ? 1 dou (ypical [
STy sntoIF M 5 r= |
1.2 Hews_LF 7 i :
Minimum | 50% Prefitrers Preheat CHS  yuridblespeed | Discharge |
outdoor | with BO% final discharge supply fan static pressure
air filtens temperature 24,140 cfm at |
damper 456 Inwe.
23.8 bhp, 25 hp I
E 'n'], Return dampers Supply fan speed feedback  Supply fan start/stop command
3 Ly P Supply fan proof of operation gupp:y ;: :puudh unm:nu'dda (u] |
. | ire Irm s wn o
et uidonn ol Flow g VAV Reheat Terminal |
i ers
e l :::’(”;;pﬂ;f ~ Retrn temperature L, |
’.:} Equipment room refief PR | P it
plenum “-T - ) i____‘_____ e _— e
Return fan start/stop command ; i
H Refurn fan speed command o= Shippin
:|-a- Relief dampers Renum fon e fendback EQVﬂ¢|: speed ;4:::" cfmat 75 e b,‘;'i’ﬁ,?g e
E stati Return fan proof of operation return jan 2 . 5 hp ranch smal
qull'llm::f room static _AH uI Return fan fire alarm shut down lﬁ" dampers with
essu imit swif at
the equipment
room wall.
Typical Shipping and
Receiving Office Zone
333 ¢fm
exfiltration to the
warehouse aren
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EF2 start/svop command

EF2 proof of operation [

EF1 start/stop command
EF1 proof of operation
. Return shaft static

EF2 fire alarm shut down o= EF1 fire alarm shut down o= S
pregsure limit switch AN
Humidifier air 1 “To roof mounted kitchen exhoust fan EF-2 1 To raof mounted general exhaust fan EF-1 m.} <
flow interlock
- ,—l‘l-l | €V Reheat Terminal VAV Reheat Terminal | VAV Reheat Terminal ”
. & . 2. 2 | b &
I__Yﬁ (=] | B_ oeries fan powened I I Return air 1o Return alr shaft
Humidity hi e ; terminal unit with ceiling plenum
Timit sn*fyﬂygh Homidifier == 95% filter and trim I 7 Cvwial u—:}-)-
warm up switch [] humidifier 1 L i
“ Connection from shaft
=51 H 4,700 of, tranfer air o ceiling plenum with
20;:1 ta Kitchen Exhalsi ‘through Regtrooms for fire/smoke damper
iltration exhoust vi z
© @ exterior % Hood, 2000,ctm general :X’TIWIY fon EF-1 Lobby static pressure |
; 1,000 emf shi air
H‘ n Space humidity sensor — E‘ ﬂ Hood an/off switch infitration from fpam. m:rml) re Tvpical H 2000 e i
T Typical o _ wdpomirsst | Typical Student Toilet | Typical Lobby/ Student ~ exitationto i
Museum Zone & Snack Kitchen > Union Zone Lounge Zone & plemn
Returh shaft fisor L ﬂ ﬁ
HWS to perimeter finned tube penetration with l
radiation elements: Typical alt fire/smoke dampers Y
perimeter zones 1
Maximum l
outdoor —— I. HWR Chilled water Discharge
alr Mixed air g" | Freezestat coil temperature ~N Pregsure relief I
dampers temperature i i ? 1 door Ciypic) |
Sy snl o if 1A T |
1.2 Hiws L1 7 i T ;
Minimum | 30% Prefitters Preheat HS  Varigble speed | Discharge |
outdoor | with BO% final discharge supply fan static pressure
air filtens temperature 24,140 cfm at |
damper 4.56 Inw.e.
23.8 bhp, 25 hp I
E 'n'], Return dampers Supply fan speed feedback  Supply fon start/stop command
i g Supply fan proof of operation Supply fan spud command I
Ovtdaor wir Flow g Supply fen fire alarm shut down o= VAV Reheat Terminal I
Relief ers
- 1 :ﬂ":’(‘“’_‘;’ﬂ;“ ~ Retirn temperature = |
Equipment room retief - —— —— ————
!: i plenum “ = - _LE_________ ___.._________I
Return fan start/stop command ; i
H Refurn fan speed command o Shippin
:|'B' Relief dampers R fon speed fendback || Variable spead 14800 cfm at JBinwz | receiving zone
E stati Refurn fan proof of operation return fan 2.3 bhp, 5 hp branch smake and
,,,‘3:;”, roem statie ﬂl Return fan fire alarm shut dewn lf_i";dﬂ'!"P‘F’ ':rﬂ‘
imi
the equipment
raom wall.
Typical Shipping and
Receiving Office Zone
333 ¢fm
exfiltration to the
warehouse aren.
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EF2 start/stop command
EF2 proof of operation [

EF1 start/stop command
EF1 proof of operation [ I

Humidifier air 1 “To roof mounted kitchen exhaust fan EF-2 1 ‘To roof mounted general exhaust fan EF-1
flow interlock
I €V Reheat Termi | VAV Reheat Terminal
|
I Return air to Return alr shaft
g v iling plenum
Humidity high g an I—
o Humidifier {Typleal} - e
Timit saety. warm up switch M E Ml p}
= " Connection from shaft
53] H 4,700 cf, tranfer air +o ceiling plenum with
Kitehen Exhaust through Restrooms for fire/smoke damper
Hood, 2000 cfm exhaust via 3
general exhoust fan EF-1 Lohby static pressine Biides
Space humidt Hood on/off switch 1000 emf temperature air
TT7 Swace [ty sensor 700 TR Hoe swi o fpau (Ty:icnl) T rooe ¥
Typical adjacent areas : v AR ETN louver
¥pi : ) Typical Student Typical Lobby/ Student exilration o s
o TErior via &

Museum Zone Snack Kitchen Union Zone Lounge Zone & penremien plenum
T EXE
radiation elements; Typical alt Y
perimeter zones 1

Maximum l
outdoor — T Chilled water Discharge
alr Mixed air %I Freezestat coil tempermture Pressure relief |
dﬂ:;ﬂ{ temperature ? o T door (Typical) |
v 1
t )i ? s 20 P € o I
Minimum | 30% prefitters TS CHS  yVoridblespeed | Discharge |
outdoor | with 50% final discharge supply fan static pressire
air filtens temperature 24,140 cfm at |
damper 456 Inwe.
23.8 bhp, 25 hp I
E 'n'], Return dampers Supply fan speed feedback  Supply fan start/stop command
g Supply fan proof of operation Supply fan speed command (u]
i 1 Supply fan fire alarm shut down o=
Otrtdaor air flow o J s VAV Reheat Terminal
Pressure rellef
l door (Typiea) ~N Return temperatire
- s e e b z i
Return fan start/stop command = e
> Refurn fan speed command o
Relief dampers Return fon speed feedback Vridieaend AT et v
Relief Return fan proof of operation . .
Ref denpert ﬂl Return fan fire alarm shut down
Equipment room rellef
plerum
o Typical Shipping and
- Receiving Office Zone
Equipment room static

pressure.
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Document Conservation of Mass and Energy
Exnhaust Air

1=

w==r Return Air

a I —g — p - ]
Outdoor Air \ I I R .,..__.,.! o e J
- ; LI s —
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- R e |
g i R A Baaart Tyrminal |
Relief Air » et wonimaretes _l._ : |
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< L e
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s b offeeZoe  Transfer Air
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Let's Try Applying What We've Learned
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