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Starting Points for Symbols

2009 (or earlier) ASHRAE = 0 SR Tt
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M2 way buthertly conirol valve - slectricadwg)

File and Faldcr Tozhz 5 tenl vale dug

29 Mhake e Foldar
&N publish this folder ta the
web

i ride bak
A 2 way valve with manual over ride.dug

8 2 way valve dwo
. ’ o=
Ed Share this folder 8 3 way butterfly control walve dwg
8 3 way reheat coil dwg
% [Ezwayvaebak
3 3 way valve dwa

C2012-07-07 Simple Flow Dioagram Symbals.zip
[ My Documents 1o

1
) Shared bocuments YO u f

b
4 My Computer
|| Auio air vent bak

i
&3 sny Metwark Places
8 Auta air vent dwg

8 automatic air vent with service valve dwg
Back pressurs regulator drg
Balance valve. dwg

Other Places

I3 PECI Symbols

Details A

Simple Flow biagram
Symbol:

File Folder

bate: Madified: Thursday,
September 02, 2010, 7:16 AM

-
¥ Ball valve - instrument dwg

Ball valve- hydraulically actuated bak
Ball valve- heydraulically actuated.dweg
3 Ball valve dwg

i Barometric darmper dwg

'8 Basket Strainer dwg

3 Braak HHWR.dwg

3 Brek HHVYS dwg

A Break.duig

i3 Butterfly valve - small dwg

A Butterfly valve duwg

i3 ceiling dif fusser dwn

iR cei ling.dwe

= centrifugal Seperator hak

M Centrifugal Seperator.dwg

Check valve bak

Check valve.dwg

Chilled water coil with 2 way valve balc
Chilled water coil with 2 way valve.durg
8 chiller - sodular dwg

@Cm\ler with Auto Iso Wiv and Bypass bak
8 chiller with Auto Tso Wk and Bypass dug
R chiller.dwg

8 concentric reducer dug

" condensing Bal ler dwg

8 conductivity Sensar dwn

M contral - Aweraging temperature dwg

I8 control - Carmbination duct terp and humidity dwa
“@ contral - Differential pressure sensor dwa
I8 control - Diffrential pressure dug

@ contral - Duet Humidity.dwg

=) control - Freezestat hak

Cantral - Freezestat dwg

I8 control - Tnsertion temperature dug
8 Control - Limit switeh dwg

8 contral - Make up meter du
Contral - Space humidity bak

8 control - Space humidity dug

Y

Contral - Space tempertanre bak

8 control - Space tempertaure dwg

@ Control - Surface Temperature Sensor - Horizontal dwg
8 control - Surface temperature sensor dug

&

Own Creat

l st £ withowel

8 control - Turbire Flow meter 1 dwg
F control - Turbing Flow meter dug
IR comtrols - Air Flow.dug

Cantrals - Averaging fempertoure sensor.bak
B controls - Averaging fempertaure sensor.dwg

Controls - Current relay.dwa

B contrals - Starter or YFD.dwg

@ Cooling Tower Additional Cell bak

B caoling Tower Additional Celldwg
@Cuo\ing Tower Base Cell.bak

8 conling Tower Base Cell dwg

@Cuo\ing Tower Make Up Set Up - Float bak

™ conling Tower #ake Up Set Up - Float.dwig
M caoling Tower Single Celldwg
8 conling tower dwg

a Darnper - vertical - manual dueg
8 damper actuatar dwg

R pifferential pressure switch.dwg
8 bouble break line dwg

& Drrain.durg

D Coil with Hot Gas Bypass bak
[ b Coil with Hot Gas Bypass.dwg
I8 Ecentric reducer dwg

@ Economizer section - Mo MOA - Opposed blade bak
M Economizer section - No MOA - Opposed blade dwg

™ Econamizer section.dwg
8 Electric Heating Coil dwg
M Enthalpy wheel dwg

8 Evaporative cooler dwg

M Expansion Loop.dwg

8 Expansion tank diaphram type dwg

ay Expansion tank open type.dweg

8 Face and bypass damper dwg

Fan Powered Terminal Unit - Series.bak
8 Fan powered Terminal Linit - Series dwg

8 Final Filter dwg

"M Flange Cap Right dwg

F8 Flax dwg

M Float valve dwg

8 Flo Set Strainer dug

F® Flo Set Union.dwg

I8 Flo Set valve dwg

F® Flow arrow - curved dwg
F8 Flow arraw - straight dwn
8 Flow arrow dwg

8 Flow contral valve dwa
F® Flow meter - Annubar Type dwg
I8 Flow meter - Turhine duig

T8 Flow Switch dwg

Control - Temperature sensar with well dwg

M cate Yalve dwg
8 Bauge and gauge cock durg
M Gouge cock dwg

B sauge with cock dug

Hori zantal damper bok
Horiz farpar dwg
2il - 2 way valve - pumped.dwg
coilwith 2 way vakve bak
i wier cail with 2 way valve dwg
ailwith 3 way valve dweg

Fot

% Confrols - Starier or VFD wilh conirer points - Mo Fire.dwg [ Humidifier - Trim bak
M Controls - Starter or YFD with control points dwg

™ Humidifier - Trim.dwag
Humidifier with shut-of f bak
Hurnidifier with shut-of £ dwg
Humidifier dwg

In Ling Pump Strainer Ball Yalves Check Malve.dwg
M Tncreaser dwg

Injection fitting dwg

8 Tnstrumentation Walve durg

P8 Tet diffusser bos.dwg

8 Ladder - Feed thru ferminal dwg
M Ladder - Fused terminal dwg

8 Ladder - Grounding ferminal dwg
M Ladder - MO Contact dug

8 Ladder - Swith teminal dwa
M Line size bottorn.dwg

8 Line size right dwn

Load or equipment block bak

8 Laad or equipment blnck dwg
Load with Z-way walve bak

I8 Load with Z-way valve dug

¥ Load with 3 way valve dwg

B Louver dwg

Makz up meter bak

B ke up meter dwg

i hechanical Coupling.dwg

8 Meedle valve dwn

Mnew block dwg

8 Mode Mumber Left Battom dwg
™ Mode Mumber Left Top.dwg

8 Mode Mumber Right Battom dwg
™ Mode Mumber Right Top.dwg
8 MYMEX AHU CHWW Coil Bank dwg
M e break line.dwg

Pates plug bak

Petes plug dwg

[ pipe size: loader hak

Pipe size leader.dwg

F8 plate and Frame: Heat Exchanger with Auto Tso Yalve dwg
plot.lag

M plug walve dug

F® prefilter with Bag Filter dwg

I8 prefilter with final ilter dug

R pre-filters dwg

F8 pressure - temperature test part dwg

M Pressure reducing valve dwg
B pressure relief door - Labeled dwg
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Pressure relief door - Posative - Labeled bak

"M pressure relief door - Posative - Labeled.dwg

£ pressure relief door - Posative - Mo lobel.dwg

8 pressure relief valve dug
£ Pressure switch.dwg

F8 prop fan dwn

PRY.durg

F8 purap P Switch dwg

Pump Gauge Set ino strainer).bak
"™ pump Gauge Set (ho strainer).dwg
% pump Gouge Sef fwith strainer).dwg

Pump set with 2 BF Strainer Flex and Check bak
8 pump set with 2 BF Strainer Flex and Check dwg

Pump set with S0 Flex and TDV dwa
M pump times 2.dwg

) Pump with 2 BF mech flex and check no note.dwg

Pump with 2 BF mech Flex and check bak
Pump with 2 BF mech flex and check.dwg
% pump with Z BFs check and flex dwa
£ pUrp with check and 2 butterfly valves dwg
E8 pump with check service and plug valve dwg
Pump with check valve bak

E8 pump with check valve dwg

) Pumped Preheat Coil dug

8 Radiant panel dwg

8 RAG with filter dug

8 Reheat coil with Zway valve dwg

3 Riser - Conduit Body.dwg

8 Riser - Tunction Box dwg

3 roll up garage door.dwg

8 Ron's Yalve dwg

W SEM_2wich DS

8 SEN_swiow DWe

T8 SEM_CRLY. DWE

8 SEN_DMPA.DWE

8 SEN_DP.DWE

8 SEN_FISD.DWE

W SEN_SMKD DWE

8 SEN_STRT.DWG

W SEN_TAV DWE

Sensor - Air Flow hak

Sensor - Averaging temperature bak
Sensor - Duct Humidity bak

7 shell and tube Hx.dwg

£8 Shot feeder dwg

&l Size lead - Horizontal - Bottatn bak
F8 Size lsad - Horizontal - Bottom dwg
Size lead - Harizontal - Top bok

F8 Size lead - Horizontal - Top dwa
Size lead - Yertical - Leftbak

8 Size lead - Uartical - Left dug

Size lead - Vertical - Right bale

8 Size lead - Vertical - Right dwg

8 Sound Attenuator.dwg

Steam Heat Exchanger bak

M Steam Heat Exchanger dwg

8 strairer with blow down dwg

Purmp - ball valve sustion diffusser check bak
Pump - ball valve suction diffusser check dwg

9

mp pump with check valve dwg

B Tark dug

8 Temperature transmilter with calibration thermometer dwg
8 Temperature transmitter with calibration well dwg
8 Temperature transmitter dug

[ Thermameter well hak

8 Thermometer well dwg

8 Thermormeter with 2nd well dwa

=) Thermometer bak

8 Thermometer dug

8 Three way valve dig

BTy iple duty valve dwg

8 Turbine Flow iefer dwg

B TurFl dwig

8 Two way valve dig

ia Typical purp assembly.durg

M Typical Zone dwg

Union.dwg

MUY Array dwg

8 vare meter dwg

WAV reheat terminal with two way hot water coilbak
WAY reheat terminal with fuwo way hot water coil.dwe
8 ent dwg

T vertical damper madiurm.dwg

8 wertical damper small dwg

T vertical damper.dwg

8 vertical opposed blade damper - closed dwg

T vertical opposed blade damper - open durg

8 wertical opposed blade damper with actuator - short dwg
3 vertical apposed blade damper with actuator dig
8 wFD dwn

T victaulic Flex dwg

P yyater meter dug

fzone darmper dwg
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Physically Complex,
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Air Eonditioning
Coal 100 gem of 53.6F brine to 45°F with 95°F amblent air

Tew Making Cooling Mace
€oal 100 gom of 30°F brine to 24°F with 75°F amblent sir

meters have nat been verified as being wired fo
the meter,

X
Surtocs Teperaiwrs Sensor ) 2. Line sizes are from the installation -
Supply Temperature drawings and have not been field verified unless 114"~
br-H atherwise noted. b
o
0 Abandon in place vt
o AHUE - Training Room
2400 cfm
g L ] S oy
= S Pump Farthest from the Wall ~0 ! Pump Closest to the Wall -
e < A Satond Cosmrt 1177 0 Iy Bl Gosmett 12 e L 1gem ot b kg o T
g at 53 gpm at 5
fmﬁ"' e {'.. . i r—_'!m '“'w =)
pressure switch o ler trimmed to 7-3/4" fo
ﬁ’?. P e m«:w m] 106 gpm at 58 framc.
o g o the system “+ ing 2.7 bhp. —ow
Bume T pressure switch MM~
£ pravides proof of
& 2-1/2° Typical > imput to the mystem
Ly
a gy
Iee Tank BTU Meter | La B
Supply Temperature
1
i 1 l
| Tee Tee i
114" (Typleal) |, roa
1, Toe Tank BTU Meter |
i Rotuen 1
e e
Surface Temperature Sensor |
Return Temps £ £

Physically Complex,

BAsiC CONCEPTS




Supply Temperature J r_ 1’_
P [= 34 4%
Chiller BTU Meter 5 Flow M
3 J;
w Trane 40 Ton Air-cooled "Cold Generator”
4 refrigeration compressors
FElow - 4 condenser fans
proof _.+ Chillep | Cools 25% water/glycol mixture (brine)
b clig | Al Conditioning Cooling Mode
Cool 100 gpm of 53.6°F brine to 45°F with 95°F ambient air
Ice Making Cooling Mode
- o Cool 100 gpm of 30°F brine to 24°F with 75°F ambient air
2| L
To domestic water make-up via I
a back flow pr
Chiller Btu Met NOTES:
e e o 1. Sensors shown as surface temperature
Return Temperature Sensor sensors (1_) appear to be installed with out
" wells. But the insulation has not been removed
?ij Abandon IRplace. ;. ersfy this, Sensors labled as serving Btu
a meters have not been verified as being wired to
the meter. Coil EWT Indicator
-— Sun Powered
e Tampcaiors. Somer o 2. Line sizes ave from the installation et
ce Tank Supply Temperature drawings and have not been field verified unless 1-1/4"
De » otherwise noted, X
-t - e’
PT R
[T Abanden in place vt Upper -zlf:g;fo—cﬂﬂrn Building
ihd J JHU2 - Training Room Coll__| Entering conditions - 77°Fta, 64t
T_ Training | 2,400 cfm Lower | | eqving conditions - 56.8°Fta, 56°Fte
0 ¥ | Feing.cimony TPk S Coil | 95 gpm of water entering ot 45°F
_ o - Pump Farthest from the Wall %0 | Pump Closest to the Wall B e oaairba it B -
Chemical § Bell and Gossett 1-1/2" BC - Bell and Gossett 1-1/2" BC P4 . _
shat =@ ds= ) 53gpmat106 ftw.c. *u- | 53 gpmat 106 frw.c. u Coil LWT Indicator
feeder = : 5 hp - 5hp gcjm, Sun Powered
/'EP PRV w0 Suction | Differential pressure switch Suction Impeller trimmed to 7-3/4" to 1 - o
4 ! Diffuser provides proof of operation Diffuser deliver 106 gpm at 58 ftw.c. X ﬂ:
= . input to the control system = using 2.7 bhp . ¥
Expansion g‘_ﬁ Differential pressure switch 1-1/4" s =Th
Tank h ' provides proof of operation
" 2-1/2" Typical—c~ | irput o the control system
‘[3-

1-1/4" (Typical) ¥

il

Surface Temperature Sensor D'l
Return Temperature — |

_______________ (R R

Ice Tank BTU Meter

2
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See Sheet HWI0 | I See Sheat HWI1Z |
g = | T =
|
i3 e T . = = =
g willr| — L-i- AL — — IR — — -| = || - |- L — — -i h
= = = = '— = — ' — — _l & =1l o =1 E5 |_ — L £o —d i l Ld a 1 = ' il

PRI U S TR TS NS TR T

T T T T Tower Reheats LISSLH7 T | TowsrRaheate 1182119 | Towsr AU 7 8.0 10513 © Tower AUs1 3. 6818 | Tower AtR/s2 4 11882
| See Sheet Hv 12 | See Shest Hul4 | See Sheet HWIS See Sheet HYW16 | See Sheet HWIF

New Seattle Court House Heating Water System Flow Diagram

Revisiors: 1-Revisad boiler piping to match actud foctorypiping. Rerisions: §- Corrected return piping ot boier return headers : AT
Revisiors: 2- 1-24-02 - Modified arangement of factory pping to make it dearer FiF Drawn b}': DAS bate: Apr‘l| 29, 2002 H \‘\ {-) ()
Revisiors: 3- 12-15-03 - Updated and detaied to indude rod imt panel heat exchanger ard HP12.

Revisiors : 4- Release W23/04 Racic CONCEPTS Checked by: Plot date: December 09, 2003 19
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... and provide larger
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> Heating Water System Flow Diagram
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Current loation of comedions
Th T A fora futws low tomperatus
PR, Sot 1103 WPAS 160 psig ’Ij, Il

heatingwater systom
U1

T
= 200 mm/

B0 mm/ 4
/D, PRV, Sot 6 41kPA/9E prig

Y
IR & !

Chamical shet fesder

$5
Listei bution loop ht Fadiant haating pancl
_ . water pump HWPL het water pump
Lachimar cndarsing 272Blpmd 70 gpm H&P3, 7B lpmd 200
b-?d_a' B4 with pump @ 326 kR K2 apm @ 326 ko /K09
HWP4 . Frowe 184k 247 Frowe 184 kWY 247
2000 Mbruhe inpur. thp thp
Wgpmat 15 frw.e 2EAKW! T hp Fix 224K Ty
Twa way walve medulates (Typial of 2)
ta mintain 130°F BAT v ! Sact
at the primry heat T ouiff
o dhanger .
(Topial of 8 200 mm g =}
T T 4
Expansicn
s o K mmd 4 Topical) Tark:
XET-;: ¥Ih g XEI-;: ¥ jlip X]ET— jade
-H -H
L= Th T Plug Th = FT Pl Th =g FT Flua Th THu Th =T Flu ™ Plug Th THu Far -
I, I, ' E
IPlate and Ly
= = = = = PRy Frame
5 3 3 3 3 5 Hi 1
Al e fAHIg | rey EH ey Ik sEH e fAHIg * - o
1A =
Fih i Fin Fih r T
=1 |
i Fadiant heat 1 3
adiant heating panel o
=" £ E5a heat sxchanger hat £l
2 water pump HIWP 12 s
568 lpm! 18 gpm @ 5
135 FPa/4B frwc. Z
Secd i o :
o Boifer 35 200 ki 2.68 bhp E
App _ 224 kWY 300 hp
E : 5
gl l—:‘ flalods . i
w
by ey by ey ey by ey =z
o
) L ) ) ) 200 o I
Th == Thi= Th == Th = Th Th == Th 2
E2h [ 2] Th £ f 2] %
-] L
| o | 1
o X0 ' 3 (Topiaal)
; I I
Ik t
00 mn /4 | AV
e B/ o
= T
200 mn/ &
o )
oW Makewp = —_—te
T m;l Current lomtionof S 200 mm/
Th ——— — conne ctiars fora
Ain futwrs low to mperaturs
200 mn B ssp,,l.:,m. Y heating water system
“ - . \\v . .
Trr N . A N e Fl TT7 D .
New Seattle Court House Heating Water System Flow Diagram
Revisiors: 1- Revised boiler piping to match actud factery piping. Rewigions: B - 7-6-04- Revised rodiont panel pump connections. . T
Revkions: 2- 1-24-02 - Modified arangemant of factorypip g to make it clearer Revisions: 5.1- 7-7-04- Revised rodimt pmel cornact ion to the boier haader. Brawn by: BAS Date: April 29, 2002 H ‘\\-‘ 0 l
Revisiors: 3- 12-15-03 - Updated and detailed to include rodiant panel heat exchanger and HP12.
Rev kiors: 4- Release 3423404 Checked by Plot date: December 16, 2003
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What's on the Ladder Rungs and What's on
the Ladder Rails Can Vary

“What’s using up the pump
head?” focus

“What’s making and using cold

glycol?” focus
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“Untangled” versus “Tangled”

tangled adj

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

2. very involved : exceedingly complex

BAsIC CONCEPTS




Tangled Untangled
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prene ol b AT e
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i 5=

r

L "
4 g ot P hves e
Cramion y T
e
vouiew 1= )]
o Sterenti oo smitcn |2
M provsis probe o araton | B

ot b tha conted gysten

e
L

-
[ r—
Sarfoce Tempamatira Semer |
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BAsic CONCEPTS



Sutardja Dia Hall

Applying a system
diagram to analyze a
system




Tangled vs. Untangled — An Exercise

Left Side of the Room Right Side of the Room

Locate the file named Main « Locate the file named 02-16-10

Mechanical Room Plan.pdf in Condenser Water v3 -

the 02 - Exercise Materials\CW Teaching Example.pdf in the

System directory, but don't 02 - Exercise Materials\CW

open it, just get ready to System directory, but don’t
open it, just get ready to

When | say “Go” open the file you are associated with and try to
understand if the Centrifugal Chiller condenser water pumps, the
Absorption chiller condenser water pumps, and the Multistack chiller
condenser water pumps are in parallel with each other through their
loads

Raise your hand when you think you know the answer
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Why This Matters
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Thinking About Parallel Pumps

mz-‘!"i




Head, f+.w.c.

130

120

110

100

System Dynamics can be Complex as Pumps Interact

¢

The combined curve for different
pumps in parallel can have an odd

shape

1,000

2,000

3,000

4,000
Flow, gpm

5,000 6,000 7,000
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8,000

Absorbption Chiller Pump

Bell and Gossett Series VSX/VSH
6x8x10-1/2, 1,780 RPM, 10.375" impeller
Centrifugal Chiller Pump
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System Dynamics can be Complex as Pumps Interact

Odd shapes can lead to odd events
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Test Data Summary
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Test Data Summary
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It All Depends on the Lags

Py =4xL

Where :

Py =Natural period
L = Apparent dead ti

BAsIC CONCEPTS

David W. St. Clair

If you understand the lags, you
understand the potential for
precision; i.e. what’s the best
result you can hope for

* In the best of all worlds, how far
will things get out of hand
before the control system will
limit the deviation after an upset

In the best of all worlds how fast
will you be able to recover after
an upset
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Black Iron Pipe Data
Source - ASHRAE 2012 Systems and Equipment Handbook, Chapter 46, Pipe, Tubes, and Fittings, Table 2

Nominal | Pipe OD, | Schedule Wall Inside |Surface Area, square|Cross Section, square | Weight, pounds/foot | Working Pressure, ASTM A53 B
Size, inches Number |Thickness,| Diameter, feet inches to 400°F¢
inches or inches inches | Outside, | Inside, Metal |Flow Area Pipe Water Mfg. Joint Rating,
. . Weight* sq.ft. sq.ft. Area Process | Type® psig
T h I n k I n T h ro u h 1/4 054 | 40sT | 0088 | 0364 | 0141 | 0095 | 0125 | 0104 | 0424 | 0045 ow T 188
80 XS 0119 0.302 0141 0079 0157 0072 0535 0031 cw T 871
3/8 0675 | 40sT | 0091 0493 0177 0.129 0167 0191 0567 | 0083 cw T 203
80XS | 0423 0177 0111 0217 0141 0738 0061 W T 820
a O n t ro I 1/2 084 40 ST 0109 0622 022 0163 025 0304 0.85 0131 cw T 214
C 80XS | 0546 022 0143 032 0234 1087 0.101 cw T 753
3/4 105 40sT | o113 0824 0275 0216 0333 0533 113 0.231 cw T 217
80XS | 0742 0275 0194 0433 0432 147 0.187 cw T 681
"1 1315 40sT | 0133 1.049 0344 0275 0494 0864 168 0374 cw T 226
ro Ce S S 80XS | 0957 0344 0.251 0639 0719 217 0311 W T 642
" 1-1/4 1.66 40T 014 138 0435 0.361 0669 15 227 0647 cw T 229
80Xs | 1278 0435 0335 0.881 128 299 0555 W T 594
" 1172 19 40sT | 0145 161 0497 0421 0799 204 272 0881 cw T 231
M H. ﬂ t H 2 O O 80 XS 15 0497 0393 1.068 177 363 0765 W T 576
Inim u m OW ra e |S " 2 2375 | 40sT | 0154 2067 0622 0541 107 336 365 145 cw T 230
. 80XS | 1939 0622 0508 148 295 502 128 cw T 551
g p m ( M Od u I a r Ch | | I e r O ] |y - " 2-1/2 2875 | 40sT | 0203 2469 0753 0646 17 479 579 207 cw w 533
’ 80Xs | 2323 0753 0.608 225 424 7.66 183 cw w 835
o . " 3 35 40sT | 0216 3.068 0916 0803 223 739 757 32 cw w 482
Wh e n be I OW 50 F OAT N 80 XS 29 0916 0759 302 6.6 10.25 286 W w 767
" 4 45 40sT | 0237 4026 1178 1.054 317 1273 1078 551 W w 430
B e rke | ey C A) ] 8oxs | 3826 | 1178 | 1002 441 15 1497 498 ow w 695
6 6625 | 40ST 028 6.065 1734 1588 558 2889 1896 125 ERW w 696
80Xs | 5761 1734 1508 84 2607 2855 11.28 ERW w 1209
M aX| m u m ﬂ OW rate | S 3 6 40 " 8 8625 30 0277 8071 2258 2113 7.26 51.16 2468 2214 ERW w 526
y 40sT | 0322 7981 2.258 2089 84 50,03 2853 2165 ERW w 643
.y . 80 XS 05 7625 2258 1996 1276 4566 4335 1976 ERW w 1106
g p m (t a n S | t | O n | n g fro m " 10 1075 30 0307 10.136 2814 2654 1007 80.69 3421 3492 ERW w 485
40ST | 0365 1002 2814 2623 1191 7885 4045 3412 ERW w 606
: XS 05 975 2814 2552 161 7466 5469 3231 ERW w 887
a bSO rbe r tO Ce ntrlfugal Or 80 0593 9564 2814 2504 1892 7184 64.28 31.09 ERW w 1081
. " 12 1275 30 033 1209 3338 3165 12.88 1148 4374 4968 ERW w 449
Vi Ce Ve rS a ) I sT| 0375 12 3338 3141 1458 1131 4952 4894 ERW w 528
40 0406 | 11938 | 3338 3125 1574 1119 5348 4844 ERW w 583
Xs| 05 1175 3338 3076 19.24 1084 6537 | 4692 ERW w 748
Typ | ca I ﬂ ow rate |S 1 3 2 0 _ | [ 80 0687 | 11376 | 3338 | 2978 | 2603 | 1016 | 8844 | 4398 | ERW w 1076
’ 14 14 30sT | 0375 1325 3665 3469 16.05 1379 5453 59,67 ERW w 481
. [ 40 0437 | 13126 | 3.665 3436 18.62 1353 63.25 58,56 ERW w 580
2 , 520 g pm (Ce ntr|fuga| or | xs 05 13 3665 | 3403 2121 1327 | 7204 | 5744 ERW. w 681
80 075 125 3.665 3272 3122 1227 | 10605 | 5311 ERW w 1081
a bSO rbe r pl u S m Od u | a r 16 16 30ST | 0375 1525 4189 3992 1841 1826 6253 7904 ERW w 421
40XS 05 15 4189 3927 2435 1767 8271 7647 ERW w 596
. 18 18 ST 0375 1725 4712 4516 2076 2337 7054 | 10113 ERW w 374
Ch | | I e r) 30 0437 17.126 4712 4483 24.11 2303 81.91 99.68 ERW w 451
XS 05 17 4712 445 27.49 227 9338 98.22 ERW w 530
40 0562 | 16876 | 4712 4418 3079 2237 | 10459 9.8 ERW w 607
20 20 20ST | 0375 1925 5236 5039 2312 291 7854 | 12594 | ERW w 337
30XS 05 19 5236 4974 3063 2835 | 10405 | 12269 | ERW w 477
40 0593 | 18814 | 5236 4925 36.15 278 12282 | 1203 ERW w 581

a. Numbers are schedule humbers per ASME Standard B36.10M; ST = Standard Weight; XS = Extra Strong.
b. T= Thread: W = Weld
c. Working pressures were calculated per ASME B31.9 using furnace butt-weld (continuous weld, CW) pipe through 4 in. and electric resistance weld (ERW)
thereafter. The allowance A has been taken as:

(1) 125% of t for mill tolerance on pipe wall thickness, plus

(2) An arbitrary corrosion allowance of 0.025 in. for pipe sizes through NPS 2 and

(3) A thread cutting allowance for sizes through NPS 2.
Because.the pipe wall.thickness of threaded standard pipe is so small af ter deducting allowance A, the mechanical strength of the pipe is impaired. It is good
practickadlimit'standard Weight-threaded pipe pressure to 90 psig for steam and 125 psig for water.




Pressure drop, ft.w.c. per 100 linear feet of pipe
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Pressure drop, ft.w.c. per 100 linear feet of pipe
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Pressure drop, ft.w.c. per 100 linear feet of pipe
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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
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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?
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Three-Way
Control Valve

L——-- —----l-ulJ

i jlkt?' _ Typical Chiller/Heat e e e e
— wwow = Exchanger Pump a

-
7 . 1*4-' ¥ ™ :I EH
- - T Rlg t B"
N |
W
i '|
|
) |
cl“_ I '
-
11
= cal Ew Bl clil 1% -
T 7 R o
I i i
] [] i
| i 1
| i |
-l - |
2. ] -l
j | i 1"
- | ol
I |
| — |
I i
i I i
L J

Chillers Wet Economizer
(Free Cooling) Plate
- - and Frame Heat
Exchanger

BAsic CONCEPTS w






Order of Connection Matters
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Getting Ready to Go Out in the Field

Study existing drawings if they
exist

* May include a schematic
* May reveal issues
* Provides a first draft
Be ready for reality
Clipboard
Paper
Flashlight
Camera
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etting Started

WA

Find something you can identify
ameplate data
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ast experience
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Getting Started

Find something you can identify
 Nameplate data

« Labels

« Past experience

Flex connector —
(typical) ]

Service valve
3 . |
(butterfly type)—1 =

Differential pressure ——
switch (proof of flow . " =
interlock) K

Supply line —
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Getting Started

Find something you can identify
 Nameplate data

« Labels

« Past experience
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Getting Started

Find something you can identify
 Nameplate data

« Labels

« Past experience
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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
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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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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

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 B ' I
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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Getting Started

Find something you can identify

 Nameplate data

« Labels o in the AU chiladanator
coil and associated control

« Past experience valve

Start following the system of
interest

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

* “Follow your nose” i prmere " Labeled
« 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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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 Off the Roof

|dentify a Point of Reference

Stairwell to the :
Basement

™ &
-_f = ., e
&

=Y and elevator shaft to
the Basement

PR . A

~
e A
b

Air Handling
Unit, Chiller, and
Boiler
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Getting Off the Roof

Identify a Point of Reference i, : B

The elevator shaft and

vertical frame of
reference are here

. | P g All three pipes go |
T § through the roof below
- 28 the steel at this location
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Getting Off the Roof

|dentify a Point of Reference

|dentify Your “Pace”
Use Your “Pace” to Develop
Coordinates Relative to the

Point of Reference

BAsIiC CONCEPTS

=

. . All three pipes go |
A through the roof below
B the steel at this location

£ The elevator shaftand |
A ! stairwell | will useas my § S 1
‘* vertical frame of e L
— = ﬂ:‘_’ reference are here = — o
| ! i - ===




Getting Off the Roof

|dentify a Point of Reference
|dentify 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
|dentify 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
|dentify 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

pipe may or may not be
warranted

Leverage other clues

Some of them may be
misleading
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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

LT probably sufficient for most Cx
providers

Steep learning curve

Can do more than diagrams
— Drafting

- Some 3-D

— Automation

Visio

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

BAsIiC CONCEPTS




What About Drawing Programs?

Draw — OpenOffice.org Word/PowerPoint Drawing Ultilities
Free « Part of the Office package
Limited page size (about 12" x  Difficult to use for complex
127) drawings
Basic diagramming features Relatively easy to pick up for

3D capabilities basic shapes
Some issues with alignment in

2007 versions

BAsIiC CONCEPTS




What About Drawing Programs?

Sketch-up
» Google/Trimble
* Free

« Using 3D model to convey 2D
information

BAsic CONCEPTS



Diagram Drawing
101

Get in the habit of drawing on a grid
« “Electronic graph paper”
Orderly drawings
Alignment is easier

3 make-up via

View Inzert Format Tools Drow Dimension
20 S S S J
G rsg|€-

- oua

w preventer. . . ] - o

. NOTES:

" Chiller Btu Meer e
. . Return Temperature Sensor . | e

") Abandon in place
o Nermaps o v n

LN

" Surface Temperature Sensor ||
Ice Tank Supply Temperature

Dredd - -
]

. . 1. .Bensors shown as.s

- sensors (L] - ) appear to

‘wells.” But the insulatiol
to verify this.. Sensors
meters have not been vd

| themeter.

- 2.  Line sizes are fro

drawings and have not b

.. otherwise noted.

“ ” “ ” T P e e ks \-D Abandon in pla..cz. =

Can be “on” or “off” for printing a =TT

g e

oo i ‘Pump Farthest from the Wall =
Chemical N e ‘. Belland Gossett 1-1/2!"'BC. . .

shot . . : . |8 : ! ; -53 gpm at 106 ftwe. - -

feeder - “T ] =] 57 shp

R ERV. | &€ Suction :El Differential pressure switch = | Suction ~

.| w Diffuser 1" provides praof of operation . . | Diffuser |

Rk = inpit to the contrel system
¢ % Pl e R SR L
CH o

é-i/é" :Typécal ——ﬁ

Ice Tank BTU Meter
Supply Temperature .

BAsIiC CONCEPTS




D R el S AL

Diagram Drawing  |SEEEEerEs
101 '
in be used f

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

Distinguish hot from cold, warmer

. AHUI - Main Building - -

from cooler, supply from return N || gl |: zEmoem

_ Entering conditions - 77°Ft.s, 64°Ftu,
Leaving conditions - 56.8°Pts, B6°Fhus
- 95.gpm of water entering at 45°F

sh Job Complete
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Diagram Drawing
101

n be used

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

Distinguish hot from cold, warmer  [g—— :;';:Zn‘;;rhe‘”
from cooler, supply from return ;o

Enhance understanding s
mixing with ~ ~ Direct evaporative coolers,
makes il o supply and exhaust side
30% Filters

Hot water pli

SNAP |GRID |ORTHO POLAR| |OSHAP [OTRACK L' T |MODEL TABLET
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Outdoor air intake at 1st floor roof
level serving AH-C, DH2, and DH-3.

Pressure 29.92 inHg

Altitude O ft

20
cfm
LS

h{Btuflbm) 30&{
}
2 /

fl

|
/
50/ /

/
/|

100 rh{%9(B0T060 50 40 30 2 10
e Yol o

*‘if"rf\l#\'}‘j |
NN N TN

f
f

/

8
i

/ /Af

;

0,015

0 1hp, 0.4 bhp, 3,450 rpm

Open shaft to roof level
provides relief path for
AH-C as well as DH-2 and
DH-3 reactivation air

exhaust. DH-3 exhausts |

90 cfm

it

M

90 cfm taken in for DH-1 NN : e o
reactivation air ! &'/ | )\ h
2N i "
Colors can be used to advantage N \ \\ Nl
Outdoor air to N i SR AL N
AH-CnndDH-Z 70 80 90 100 110 120 130 140 150 160 170 180 210 220 230 240 260 270 280
f SWSI supply fan with current Freezer Room Cooling and Dehumidification System DH-3 |
switch Electric
90 cfm at 2.85 in. w.c. reactivation
Thermocouple  1.86 inw.c external static pressure heater Metal mesh
O Thermocouple 8.7 kw filter

e

we

Direct expansion cooling coil with 5 hp

’ B [ ] % g Temperature o Temperature Duct temperature and
S | i g : switch, set -6°F ”“*;L‘j“' S switch, set -15°F  relative humidity monitor
ig -+ 0 W":;:' ]g"‘-. o
.B = = m ol ¢ a E &
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Titanium silica gel (TiGel) = g o
gz s i e Coban e 65% final filter  WoTer cooled condensing unit and hot
30% Prefilter  Variable speed, SWST supply |YPS dessicant whee i Gy el :
ASE% el fan with air Flow switch PP 11 revolutions per hour with ciffenentiol  with SfTeraTidl  afrigarant 404
an i ressure swit: ure switcl
filter with 400 cfm at 4.24 in. we. 2'29 '";,‘:-jrﬂg"“" air P ppace 6row 30848 bR
dfs:i:?::if ch ::f’;t;c external static 0:26 in.w.c. reactivation _6°%F ,mvi"g"fir femml,mm
P 1hp, 0.7 bhp, 3,450 rpm air pressure drop -16° saturated suction temperature
\Cotorc-de-aprocess
Freezer Room _‘tu
310 cfm total flow 4
O°F plus or minus 1°F 310 cfm
Reheat coil RC-1 30-35% relative humidity
Maintains a 40°F discharge temperature to prevent @
3 snow when the freezer return air mixes with the
. outdaor air brought in for reactivation
B -
310 cfm
‘ . ¢ e
[ 1




Ffasturz 2,92 inHg
Alftude’0 fi

\ T F g w———

h(Btu/lbm) 30 TN NN

SWSI supply fon with current Freeser Room Cooting and Dihissisification System DH-3
awitch Electric [Frmcer Ba Dehumidification DH-3
90 cfm ot 285 In. we. reacthvation
Thermacouple  1B& Inw.c external static pressure heater Matal mash
Y 1 1hp. 0.4 bhp. 3450 rpm & Thermocouple 8.7 KW filter
T o = ( .
u = L] 4 awitch, set -4°F

o @
provides relief path for 3
& =

P Drct temp
|. _—-—’:— switch, set -I5F'F  relative humidity maniter
a wizl c ¥
i ] 3

100 rh{%8(BOTO60 50 40 30
e . [T T

Je- Birect eaaling coil with 5 hp
BRI, = s w po ooy o
with differentiol  with diff

presere pwitch  prasurs peinch  DHTARORt 404

310 cfm total Flow

\' 40 lo.oos

/TN LN

\ ] Wilbm/lbm)

i

1R, Tt AR RO R A RRA LEERANG W ORDS O W R R0 O R S0 BN ket i e \\”
T0 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280
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SWSI supply fon with current Freeser Room and Dehumidification DH-3
ch Electric
o~ 90 cfm ot 285 In. we. reccthution

Thermacouple 186 Inw.c external static pressure _ heater Metal mesh

0 Thp.04 th, 3450 rpm [0 Thermacousle B.7KW filter

=) o R e kg 5 p: i s
"' & @ ] 4 switch, set -4%F 98-S switch, set -IT'F  relative humidity manitee

Ea"| e iy
level o iz ;
Ffasturz 2,92 inHg

ey e = B |' | B | = I
100 rh{*%9(BOT060 50 40 30 20 me*-ﬂ—'—H—@'—%—?: "B o @ : ; “ [E]
Al{tude/0 f N &5

| = R, TR e o e
h(Btullbm) 30 id St Votsl ot SWSLonsy JPSSCHIN | SV, SLORI, g
1 with air flow switch P
13 fitter with 400 cfm ot 424 in. we. """"'—;:"“"* presure awifch  pressure switch g o 30,848 btw/he
differential L12 inw.t extersal ftatic 28 inwe, B3°F entering oir temperature
prestuce witch  presere i ~8°F heving air temperature
1 hp, 0.7 bhp, 3,450 rpm L .

- 001

1 0,005
] Wi{lbm/lbm)

\!
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Diagram Drawing
101

Line weights can be important

&l & 0

B &t -
2YN1004

Bell and Gossett
- (/) b3 gpmat 106 ft
60 Suction

Bt B B

o Suction | Differential pres
kSl lefuser' provides proof of

T input to the cont

A
A
A
%
.ég g
]
|A

Pump
- CHPY 5.

Sl |

ACK DYM LwWT) [MODEL TABLET
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Diagram Drawing
101

Line weights can be important

« Heavier lines draw the eye towards
the major system elements

Lighter line weights show related
equipment that is auxiliary to the
main system elements

OO0 LR
Pric+BEmE Sk 2

&l &)
0
@
2 D
- ey

]

&
|

Bell and Gossett e
- 53 gpm at 106 f'l‘ L
> Suction [ Differential pres
' Diffuser provides proof of
“ < input to the cont

= =

8
EEEYS)

e

U A

[—

A
A
A
%
abe
]
1A}

—m—@

.

Pump
CHP1 Fel

SNAP [GRID ORTHO| POL&R| [0SMAP |DTRACK DYN |LwT [MODEL TABLET
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zert  Format  Tools

) P i QR

Diagram Drawing  |SEaceess
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: (hofndlly :
re/smoke damper, typical)

ttion fire/smoke damper
of all shaft penetrations:;
' open unless noted)

BAsIiC CONCEPTS




Diagram Drawing
101

Points where lines cross vs. connect
should be clear

)

-
!

. Lewel 2 0CLeve| 208

L OONTC

» Gaps where lines cross need to

consider the plot scale relative to
the line weight

]
T3

Let o204 -

Combinatbn Firs/smoks
damper (typical far tap of
shaft penet rations; ebse
with fan'shut doum) ~———

Lewe | 19

F Mechanical Shaft 2 51

- Return ail Crom cailing plenum (romally Y
Tp open fire/smits domper, typical) |
. N |
Wi rad iont panel piping. Combination fire/sms.domp er :q
See HIVO3 Myp.) e - (ypical of all shaft penefrir
_/\'_ normally open un bsss noted) ——_

Transf er air from 3
West sarridor (Typ ).
- RS =

Supply plenum
(Typical)

Level 18

- Leve | 17

Leuel 16

Level 15

SNAP |GRID |ORTHO POLAR o WM [LwT [MODEL TABLET
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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

OGO OD o LNNIGE

+
T

Al - adh0

= =

]

damper (typical for top of
shaft penetrations; close

Bt B B

A
A
A
%
abe
]
1A}

of all shaft pene'l‘r'aficU. i
s open unless noted) —— S

SNAP |GRID |ORTHO POLAR| OSNAP | OTRACK DYM| |LWT |MODEL TABLET
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Diagram Drawing S
101 e

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

T Explode
File name:

Files of type

29.1500, 10,1500 SNAP |GRID [DRTHO FOL
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-[o|x|
a = ; 5 |z
Lol A & e e A B et

o0 ]

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

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.

o
Q4 R

=

P

LPC + 8

NNt COd Y

CWP-1

Bell and Gosset

End suction

2?? gpm at yy ftw,c,

??hp, 1,750 rpm, 3 ph, 480v,
Mininum Efficiency - Pump/M

GEHOTOONDOLNN

B -

2 H

A
Al
b4
e
&
A}
&
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1] AuteCAD
N File Edit View Insert Format Took Drow  Dimension Modify Cadig Window Help

= A A = P SN S ]

. .
Diagram Drawing | e

Create symbols

* Most programs allow you to take
collections of objects, given them a |EEE—<_—-
name, and save them as a more N g—

complex object Y sy s

=§/ s }-‘Pumpsetwwlh .. Flex and Check. |E‘ M ,-f -$ .’Z‘ﬂ" i fifFel

e

Oc+ER

=

NP - 8002 OONN0 L NN
BAE OG0! KX

RYN$CO0L ¢

- PMPNUMBER -
~ PMPMAKEANDMODEL
. . PMPTYPE
.. PMPFLOWANDHEAD .
- PMPMOTORINFO. -

AIERP | ®@HA ITP>@OwWwO|ER

'El Lookup Parameter

NEIERE

AutoCAD blocks are an example

—"*‘3— Base Paint Parameter

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.

You can also edit blocks after they
are inserted

[t | e

£l - PMPEFFICIENCIES -
* PMPOTHERL =~
. PMPOTHERZ . .

e R IIEY

i _-bedit Regenerating wodsl.

IComenand :
34000, -0.2500 SNAP [GRID ORTHO| POLAR| 05M&P| [aTRACK DYN|[LwT TABLET
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Diagram Drawing
101

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

¢ Reg u la r baCk-U pS AuteCAD 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 ek Ce Ll

N[

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 o |

o Significant 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of Water Flowing Through Circled Branch

Number of Equivalent Elbows

« 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.
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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 Losses for Fluied
Flow in 90 Degree Pipe
Bends by K.H. Beij, Journal
of Research of National
Bureau of Standards, Vol.
21, July 1938

Equivalent Length in Pipe Diameters (L/D)

—Resistance Due to Length

6 8 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
Paper410 to consider it as composed of:

The Crane papercites

Pressure Losses for Fluied

Flow in 90 Degree Pipe

Bends by K.H. Beij, Journal

of Research of National

Bureau of Standards, Vol.

21, July 1938 +

Resistance due to a change in
direction

—Resistance Due to Length

Equivalent Length in Pipe Diameters (L/D)

—Resistance Due To Flow
Changing Direction

6 8 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

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

| The Crane papercites
Pressure LossesforFluied
| Flowin 90 Degree Pipe
< BendsbyK H.Beij, Journal
i ofResearch of National
| Bureau of Standards, Vol.
{21, July 1938 +

Resistance due to a change in
direction

—Resistance Due to Length

Equivalent Length in Pipe Diameters (L/D)
. o "

—Resistance Due To Flow
i Changing Direction

—Total Elbow Resistance
6 8 10 12 14 16
Relative Radius (Bend Radius/Pipe Diameter)
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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

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

The Crane papercites
Pressure LossesforFluied
Flowin 90 Degree Fipe
Bends by K.H. Beij, Journal
of Research of National
Bureau of Standards, Vol.

S s + Resistance due to a change in
direction

&

Short Radius Elbow

| =T

F’réssufe Drop Savihgs = Energy Savings
Long Radius Elbow Eist

—Resistance Due to Length

EquivalentLe 3 n Pipe Diameters (L/D)

——Resistance Due To Flow
Changing Direction

—Total Elbow Resistance

4 6 8 10 12 14 16

Relative Radius (Bend Radius/Pipe Diameter)




__/,z

|

Show- all _’tees
-+ Verify order of connection
« ‘QOrder of connection trumps” d 2

» Drawing organization “trumps”,
mam conflguratlon In the field f

‘e Tums on the system diagram should be made for
drawing organization purposes, not to reflect real
elbows “ >




Elbows that form traps or inverted
traps in open systems

Pipes that run above basin level
in open systems

Pipe runs with an relatively
excessive number of elbows

Tees where the pressure drop
created by the installed
configuration could cause an
operational issue
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-~ So Far, @ur Focus Has Been Hydronic

Systems What About Air Systems’?




Can You Identify the HVAC/Air Handling
System-Elementsiin this Picture? |




Envelope is a part of the
Mass (air and water vap

the system boundary by




fity = HVAC Duct Integrity
- T

o
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Smoke cycle outdoor

Smoke exhaust fan air intake
2¢) ¢
Interstitial Space
2 Make up AHU
| Scrubbers
. & and process
Mechanical | | ‘ i Mechanical CXthUST
Room |+ Ceiling Supply 1 ’ Room fans
7 Plenum : ~ ‘ \
Attenuator fO—— o X0 hé é hé é i “ Reheat coils | © .
_ . yi yi v vi vi yi v QCe fy
Recirc. Clean Room (Fab) Acid
Fan -+ Clean Etch
L] Corridor Room 2 & O
& T o4y & & &
o~ g W"_‘?_”CT'PH g ‘ ‘ D ‘ ‘ ‘ Clean Cooling/
* fo [ I | % I | I i | <Y & I | CO/"/"/'dOf' ‘ Recir‘c. AHU
Cooling ‘E | o & D o < < &
e QD > [y
| only AHU | 1 1 Attenuator Subfloor Return Plenum 1 | l
— [— [— [— [—
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A Demonstration of Fundamental Principles

Smoke cycle outdoor

Smoke exhaust fan air intake ] | ] ]
O -0 .
Interstitial Space
= Scrubbers
: FranEm and process
Mechanica - Mechanical exh(fusf
Room & Ceiling Supply | Room fans
Plenum : |
Attenuator ro——— . | . fo_ ﬁ ﬁ ﬁ | | Reheat coils %
' U U U U v v U 7 QCY fx
Recirc. Clean Room (Fab) Acid
Fan s Clean
Corridor o
B O
& T 0
~ . Wduchoﬂ Clean Cooling/
"Tool ! ; i
* f@ a — | Corridor | Recirc. AHU
Cooling ‘E | o & &
@ o
| only AHU | 1 1 Attenuator Subfloor Return Plenum 1
(I (- (- [ [
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Conservation of Mass;
A.K.A The Goes Intas gotta equal the Goes Outa’s

Smoke cycle outdoor

Smoke exhaust fan air intake | ] |
il N ; t
O O i |
Interstitial Space
N : T e e e e ]
Scrubbers
il ERERY| and process
Mechanica Mechanical exh(fusf
Room Ceiling Supply I Room fans
1 | Plenum - ‘
Attenuator — . ro__ ﬁ ﬁ | 2 | Reheat coils %
‘ . . . . g . . v Qcy f
Recirc. Clean Room (Fab) Acid
Fan T C/eaq Etch &
Corridor 4 e Room > L o
& T == & &
o . Wduc*‘fﬂ 1k ‘ ‘ Clean Cooling/
* f@ « Tool — s —  Corridor Recirc. AHU
Cooling ‘E | o o m & |
& o -\
| only AHU | 1 1 Attenuator Subfloor Return Plen |
— [— [— [— [—
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The Envelope is Significant(l

Atriums in

et
; B
s
(-
P o
o (I
208 Outdoor Air 208
Plenum | Shaft Elevators Shaft |Elevators| Shaft loutdoor
; fiyed o t phies sl s
7 e e
i
o . s
e ; [t o y
7 7
i
s s
b : fyd o t o
7 7
i
s s
i : fived o i g
7 7
i
s i - ,
i ; fivd o i o
7 7
b
i . i
e ; [y o ¥ Hi
e 7 g
o
5 o
T e - T 3
r ; o F ¥ o e ; v
7 7 |
7
Gpento. Elevators Shaft 3 Open to
Far 5.6.and7 o
L e ,
- s [ o ] s o s
: o ¥ o ;i v
7 7
5
B
, s . i e o o
7 7
e
s uns coutors s
’
¢
— i ] s o -
[y P o ; ¥
1 " Sump. Elevatgr " 2
o]
i e
¢ L (onr) Jod
L Samp Sump P
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The Envelope is Significantly Complex

Atriums inte

oot
.
ES S
e . .
F o I I k
i e chimneys
8 o ai [ ES
Plenum | Shaf't fse Shaft Elevatars Shaft Shaft rors | Outdoor
i TS Hrpsd 5 el i Lewr
o P |l = o
. Lews
i i
ot shatts S Lot
L i P H priot] i i
7 B
Lot
i i
Clators Sharts Lewr
i 7 e o H St i
§ g
Lewr
i . i
Cltors Shares oS
i 7 See? o H rpk e i
§ g
Lewr
i i
Cri St s . b1 v . | I
i i ey o 3 St [ =
f et Y
R
i i
st Cr St s ‘ SN I
t i G i s S 15
Cevaers 7
a7
5 s
- Clators Sttt 3 ; ExQ Sart
§ i iy o 5 S s i
§ 7 H
7 Open to Open te e Open to 7
- - e -
Fut Future. Heny Shaft3 Courtroom
L cosreonl | 5] airoon s
4 shat [ | “oeion| 51 sharr i Sttt 3 ltters St b Shatt ot st A
7 HE o S i H v s 7
4 u
B A8 7
, st S . i o[ B
1 Tond 3and 6 7 el
e A
; 43 g
= St 3 St o ﬁ
5 6.an5 7 5 E
¢k
2 ir 2
= s L ot Shat [ stai
ey P s %
i g ‘Sump il " n
s . et srar|
g St i
4 e 2rp g, Le
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The Envelope is Significantly Complex

Atriums in ect floors

i - . Stair and elevator shafts act
- <1 g like chimneys
- Smoke s
chimneys and interconnect
o L ﬂ 0 o rS e
7 . 7 =
S‘Tﬁi - n;v;’;;“ [ 5':" VV “;ﬁ .
§ :
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The Envelope is Significantly Complex

Stair and elevator shafts act
like chimneys

-‘ww\.\\uwuwuw

_ | chimneys and interconnect
, B ﬂ O o rS -
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The Envelope as the Framework for the Air
Handling System Diagram

4 U 4 U

Ls

!

__________

1

IR
I
[t
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Direct/Indirect Evaporative
Cooling AHUs 1 and 3 (2 and

4 Similar)

— W I T
i S

Scavenger fans with intake plenum
and common discharge duct
22,080 ofm total at 1.5 inw.c.
72,7 bhp totadl

15 hp total

Hot water preheat coil

Air to air heat with feedfoward cantral

Ultra-vialet light array

exchanger T T
HinR oHR
Intake with o - e
isolation damper i{n_g-._ e -._gg 1: u = \_j
30% Filters e e
Direct evaporative coolers, Chilled water coil for gipgé]%f:ﬁ]lcﬂ +
Scavenger fans EFQI and EF10 Direct/Indirect supply and exhaust side emergency use only, 5 O in wi me
10,000 ¢fm at 0.37 inw.c. (each) Evaporaive 0% Filt MNormally valved out P
L6 bhp (each) Cooling P ééé § = CilTers 43,4 bhp
2.0hp (each) AHUF '@ Return/exhaust isolation damper S0 hp
e
R ‘ Hot water preheat coil
@ Air to air heat with feedfoward control
! exchanger - * Ultra-violet light array
Tntake with ! e e “F o i | —
izolation damper i ¥ % » ggg 4 Q v ° = )
30% Filters e we T
. . Direct evaporative coolers, Chilled water coil for gipgllj%’:c?‘:n af
gmw’!ndmf supply and exhaust side emergency use only; 5.0 insw.c Eqe Raory
vaporative : MNarmally walved out S Abbe
Cooling Pack é:éé ;30% Filters ¥ gg,:,bhp Relicr Air Plemun
AR Return/exhaust isolation damper P
Level 20B A LSS P Level 208
- Scavenger Fan EF-7 ‘
20,000 cfm at 1.5inw.c. @ N
8.70 bhp, 10 hp ‘ d;,l-f-cuww
, . (e |-
e =1 : Return Air Plerm
Level 204 - \ g —
é"f . Scavenger Fan EF-5 il
7 Return air from Level 19 20,000 ¢ fm at L5 inw.e. | &
ceiling plenum 8.70bhp, 10hp g
=
=| Retum plenum
Level 19 (Frpicob \
=] 1
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Roof Level

3
g ,f Equipment Room,
2 g Relief Air Plenur,
_____ Level 20D o
I Hot water heating coil
. To AHU 10 I MERV7-8  (not arranged for to MERlV'1|5 - 16
" OAdamper | prefilter preheat safely) final filter
Eﬂ}\!1 R hR = Sound attenuator
- -
T > [l_ > > @_’_ -
:DD‘T > ﬂ — hws [ -
1 ' ] Chilled water coil Supply Fan 4 VAVAHU 8 Equipment Room,
| 46,663 cfm ar General Service, Relief Air Plenut
[ = Sound attenuator 6.3inw.c. Lower Levels,
1 _@—o 17"0201 hth Typical of alf
| = P VAV AHUs Level 20¢

Metal grates in the
floor slab provide

relief air flow path
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

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)
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w.c E E damper (typical for top of

j = .

S S shaft penetrations; close

= <= .

3 3 with fan shut down)

=| Retfurn plenum =

(Typical) \
F:m R Return air from ceiling plenum (nomall

© W {:m open fire/smoke damper, typical)

3,115 ¢fm displacement See HWO3 (Typ.)

Public Lobby (Wes?) T W. radiant panel piping.
ventilation zone (Typ.) &

A3

Combination fire/smoke damper
(typical of all shaft pene‘rm‘rM
normally open unless noted)

Z@h{ﬂ“ Transfer air from
o W< West corridor (Typ.)

%,__E .

&
Return grill to ceiling
plenum (Typical) -

T\\\\

.

::HCFIJ

‘/Z, Supply plenum
(Typical)
Bl

%._E

i

=

SN

A8

Typical Public Lobby Area (Served Direct/Indirect

Evaporative Cooled AHU)
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through FSD at
shaft wall (Typical
all floors)

Level 19
*-

Level 18
Po=

Level 17
*-

Level 16
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e %_l . Smoke/ Fire Damper -~ \ Lo 10 ! imkad F e 0
S . =
; ntry Lobby and Core a
E "E'— iy b 3 3 "'1 * Zames througha e
E;) Return from Sh floor el 5‘3? o the shaft i i
4 celing plenum I caling tler I
N i L lods ower Levels erve
= 5 o LOwerl Leve V¢
2 i < 't: = * Zames througha T il
K FEDoat the shaft o °
oth evaporativel led
- - y s poratively coole
| - =
. o <a ‘%ﬁ .‘TO L7 aHU & : = - :
a = = Zanes thraugh o iy
° F&D at the shaft cv/Sctermc ana ra
YStems and Iow
& -
Level 7 = 1| Levd 7
= — i
w2 " ; ] / -
Ly L= 2 W 5%, = =y ToL6 TdLE . * A\
~2 T T s emperature air
: through aFShat - S
ireval ol the shaft wall
Lovel 6 | 2l = g Level 6 - '
5 5
i 7 = : systems)
3 3 QyolLClI
£ £
£ £
= & = 5 1
Loval B | F | {E Level § i = L | avel
Transfer ar from #th floor E"i‘ PR L N :
i oo E b a
ceilng plerum fo shaft 3 Mormally e Mormdly gJoLdaHU 8 Mormally = Mormdly !
Transfer ar to the Level 451% 4 Closed Closed Zores through a Closed Closed Ll aiae
return air oz ng plenum smoke! Smokes | FEDat theshaft Smoked Smoke! '
Fie Fire vl Firs Fire
Level 4 Camper Level 4 Camper | Camper Level 4 Camper Lavel
Transfer air from Srd floor )
= s BT
ceiling plerum to shaft 3 n:._f Tol2AHU & Zones P h:g '
Trarsfer ar to theLevel 3430 through aFSD at Llinias
return air a2 ing planum fablie i the shaf't wall Fuslic Entry £ob 1
Loval 3 Wit Level 3 Level 3 Eartf Level
Trarsfer ar from 2nd floor i ToLZAHU 8Zones o | o o Trare
— ceiling plerum to shaft 3 ) P throuch aPSDat | ten i U2 & 3 ] ceilir
Trarsfer ar to the Lavel 2 €104 8100 cfm displocem ent the shaft wall | 40440 cfm ot 20w 5100 ofm displocement B Tran
return air celing plenum 5,400 cfm diplacement ventilation zare 19 _O.bhp ventiation zone 5 400cfm diplacement retur
ventigtionzore By ] 30hp (hypeial of gach) A F ventigtion zons
Level 2 - - -_— Levd ©
Fetirnair 1 = - = ﬁv m—_— ut—h = Ll
j" transfered to Toother #] g b 8 ¥ ¥ iy fc. 13 ] [ -
g‘:;‘ﬁ:'er: 5 20nes l ﬁlj l:j L evel 1 generd exhaust (rest rocms and jmitor's closets) - s
3 =

%|--||::: 28,500 cfm level 1 porking areamake up

b3

15t Floor AHUSYAY reheat zons; Typioal of 4 Level 1 ') q_. - J
Pressur ed Plenum, Relief ar from w-Level B generd exhaust Taoth Feturn air .'@-" EF 17 (Basement echaust, 3 642 ofm at 0.5 inwc.
the buiding used to ventiate the G OTE trans fered to Fabhp, 1hp, (Make up from AHUS)
» garage via MALZ and 3 and BF 3. Tores 7 garage md
Tkirg 24790 cfm level Oparking E i Frh2sted .
@ ea exhaust 52370 cfm levd 0parking
] Level 0 st Floor AHUZ VAY reheat zone; Typicd of 10

1

_fareamae up
T
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8th Floor AHUS ¥AY reheat zone; Typical of 8

.
Lol [vpical Non-lobby Lower
) ) Ta other From AHUS duct insl .11 % ’ Iv = v \
Return air to ceiling plenum * e T thraugh a FSI at the §
and through FSE to Shaft 2 b '&I;[J_m %
- Levels (Served by both
Tth Floor AHUS VAW reheat zone: Typical of 11 .
Level 7 &
. " Tao ather From AHU 8 duct in sl o S ;
Return air to ceiling plenum and through = =t T + through a FSD at the i - H
transfer duct and FSDs to Shaft 2 7 I&I;m_’l eva po ra Ive y COO e .
i
Gth Floor AHUS WAY reheat zone: Typical of 13
systems ana low
Tooth
Return air to ceiling plenum and through transfer == Zuonz:r gt T o I I
duct to level 6 and FSDs to Shaft 2 on level 6 I Iﬁ@_’:lh =
i tem t air VAV
Bth Floor AHUS WAY peheat zone: Typical of 13 e pe ra u re a I r )
Level B 3 —_—— s 5
) ) Taoather From AHU S duet in b o jud SN . . -
Return air to ceiling plenum * s 3 through a FSD at the S s e m s ally
and th rough FSB to Shaft 3 a 'ﬁlj_l 2d
. -7
Iirz
Level 4 4th Floor AHUE WVAY reheat zone: Typical of 3 Level 4 Damper
. AHUS haft 3 Transferair fram 3rd floar
Toother Fomm uct in shatt ceiling plenum to shaft 3
Return air to ceiling plenum - —
and through FED mg;hqﬂa 2 zones o through a FSD at the shaft wall Transfer airto the Level 3 <20 |
= return air ceiling plenum Public Entry Lobb
Fubiic Entry Lobby
fest,
Level 3 3rd Floor AHUS ¥AY reheat zone: Typical of 13 Level 3 [West)
. AHUS d haft 3 Transfer air from 2nd flaor
Toother rom uct in shaft ceiling plenum to shaft 3
Return air ta csiling plenum - thraugh a FSI at the shaft wa|| Se—
and throuch FSD 1o shafta I'ﬁlj’_'gm 9 Transfer ain 1o the Level 2 43 64 100 sfin diplocenent
= refurn air ceiling plenum 5,400 cfm displasement
ventilation zane & &
Level 2 znd Floor AHUS WAY reheat zone: Typical of 12 Level 2 ]
4,410 constant relief from the Cafe ceiling plenum ., (Mhake up supplied by AHU 12, .tm ’:Qze-q Return air ‘ E’ "~ E "~
2,210 efm i= supplied directly thraugh the AHULZ M OA damper. 2,200 iz zupplied Level I Parking Ares transfered fo To other,
from other systems supply flow after it has moved through the building and been garage and 2ones *
returned to the equipment room relief plenum) L0456 cfm relief air from exhausted

occuppied areas via AHUS

Cafe -

Level 1 - and TUsL.2 3. and 4-1-8. L=t Floor AHUS VAV reheat 2one: Typical of 4 Level 1
Press
Loading Dock Area Vebicwlar Sally Port Ares the
‘Z Narmally clozed garage 2 Mormally ¢losed garage Mormally closed garage . gare

door to building exterior 10.400 efm loading dock door to loading dock area door o lower level parking 24790 cfm level 0 parking
area exhaust area area exhaust
Level O Ly I Level O
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The Envelope as the Framework for the Air
Handling System Diagnostics

Flow Arrow Color Codes

* AHU1

* AHU2

- *AHU3

= © AHU4

— + AHUS8 (Note AHU7 is not
shown but serves a similar
area and function for the
other half of the building)

* Return air (all systems)

3 * Transferred air

‘ * Outdoor air infiltration

* Garage exhaust

=y 1 i = =
S = o
i

I HIBIBIRIRINIE
5T
2L
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The Envelope as the Framework for the Air
Handling System Diagnostics

4 U 4 U

Ls

1

ﬁ
IR

J U
I
[t
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EFZ start/stop command [EF1 start/stop command

EFZ proof of operation [ EF1 proof of operation T
EF2 fire drm shot down = EF1 fire alarm shut down == Aanr shal e, -
ITomfmﬂudlﬂdunnﬂmsﬂmEF-z ITamufmt-dgmwlmmmeF-l b.} -
| CV Reheat Terminal VAV Reheat Terminel | VAV Reheat Terminal =
| - I 3
_‘_th& * Df:._ Return air 1o _‘_EPL Return air shaft
I I celling plenum
i_ 7o (Typleal) I- - e
Tl il ey it = | ﬁ i Connection from shaft
:3] HQJWI:f.mmforai' o ceiling plemm with
KHehen Exhaust thraugh Restrooms far fire/amoke damper
exhaust via
thetk BRI general exhoust fon EF-1 Latiby stotic preasiry Boid
switch 1000 cmf tem re. air
ETEY Spece humidiy sensor 700 cfm 70 Hoodow/otf lnflhvﬂunm from [+ m trr:;:lm Typical o 2,000 cfm :::
T Typical - _ i Typical Student Tollet | Typical Lobby/ Student ~ exfiteationte por
Museum Zone & Snack Kitchen & Union Zone Lounge Zone & i - plerum
o e gL A N e R A e T e A AR e e e B ol e g AR L L AR R At -t g AR R TR L AT R e SRR L ety o | =D | B | e
Return Mt“f:hnw }I |
i i penetration
HWS fitned tube
m*:.m Typical alt fire/smoke dampers 4y i
perimeter zones 1
outdoor I HWR Chilled watar Discharge |
ar Mixed air % | Freezestat coil spparalure n, Pressre refief
dampers temperature I R T door (Typical) |
S ysnt ¥ 9 oAe o |
T W[
Minimum, | 30% Prefilters Preheat Voriable speed | Discharge |
outdoor | with 50% final discharge supply fan # preare
ar filters temperature 24,140 cfm ot |
damper 456 Inwe.
? 238 bhp, 25 khp I
dampers Supply fan feedback  Supply fan start/: mmand
e g o o gl p s s gl |
Outdoor air Flow WJ Supply fan fire alarm shut down VAV Reheat Terminal l
Railef dompere 1 Pressure relief . — |
door (Typical) q """" atre
e T o T Y A N IS YN EN
Return fan start/stop command o A
Rellef dampers :'m“: ff:m command EQ-““ .bl:;rwd Hjﬁdmh:‘ T8 inwe receiving nl:
Rt . Return fan proof of operation return 23bhp, 5 branch smake and
pressure Pt et ﬂ sz: fan fire alarm shur down }::chmr! \::'I
the equipment
room wall,
Typical Shipping and
Receiving Office Zone
333 oftm
extiltration to the

Q warehouse area
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Typical
Museum Zone

HWS to perimeter finned tube
radiation elements; Typical alt
perimeter Tones

Space himid]
E’H pace Ty sensor 700

EFZ start/stop command
EFZ proof of operation [
EF2 fire alarm shut down ==

ITomfmlﬂudlﬂduﬁ-:ﬂmsTmeF—i

i To roof mounted general exhaust fan EF-1

[EF1 start/stop command
EF1 proof of operation T
EF1 fire alorm shut down =

Return shaft static
pressure limit switch N
b], -~

I CV Reheat Terminal

o IT0 Hodohffamich [0S
o okl lperiimecs
areas .
& Snack Kitchen TN

F e S LT S R

VAV Reheat Terminal | VAV Reheat Terminal
——L= et f
_'_DL Return air 1o —‘—EPL
I celling plenum
Fi (Typleal} I- -
o I l g 2

" Connection from shaft
:3] Huw:f.mworah- o ceiling plemm with

threugh Restroams far fire/emoke damper

general :;lmmfm EF-1 Lobby static pressure
Spaca temperature.
H sendor (Typical) Twpical B b
Typical Student Toilet || Typical Lobby/ Student ~ editratinto
Union Zone Lounge Zone @ presmrizonar

[ —

Return air shaft

intake
lauver

pherum
= | e | e

b

e B

Returh shaft ficor
penetration with
fire/smoke dampers
Maximum
outdacr T Chilled watan Discharge
ar Mixed air #& | Freezestat coil emperature relief
qu:{ temperature I o fT\ dlwrmﬁm-' oal)
v Ssnd iF 1A
2 al 2 2 a 2
—T I Ly = iy T : ) j!'
sinimum | 30% Prefitrers TS Preheat €HS  orighlegpeed | Dischorge
outdoor | with 50% final discharge. supply fan static pressire
air filtars temperature 24 140 cfm at
damper 456 Inwe.
23.8 bhp, 25 hp
? 57 | Return dampers Supply fan speed feedback  Supply fan start/stop command
— “‘"‘g Supply fan proof of operation Supply fon speed command E
Outdoor air Flow " Supply fan fire alarm shut down VAV Reheat Terminal
Pressure relief
1 door (Typical) /2 q““"" Pepu
— e e e e e e e —
rleir oy -ﬁ@_g.._i____.;_l_w S W NN
Re; fan command
fenllafclipare Rerrn fmm feedback EQ“WI:;M 14,30'0; efm sk Tme | g o
Return fon of operation return 23 bhp, 5 branch smoke and
ﬂ Return fan Er‘:fnhﬂn shut down fire dampers with
limit switches af
the equipment
room wall.
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Typical Shipping and
Receiving Office Zane

333 ¢fm

extfil the
Q) warehose ares




Hood on/off switch 190 emf temperaty
ufs] infiltration from m m Crypieal) o "
Typical Student Typical Lobby/ Student
Lounge Zone
Y
1
air Mixed air " I Freezestat coil Pressure relief I
- Tetearstinn h l? b S ? fT\ door (Typica) |
Syandtmt VAT o - |
M 1 ) % 1 I f S| ¥ - ! b
Minimum | 30% prefitters 2 Preheat CHS  yorigblespesd | Dischorge |
eutdoor | with 50% final discharge supply fan static pressure
ar filters temperature 24,140 cfm ot |
damper 456 Inwe.
23.8 bhp, 25 kp [
E 57 | Return dampers Supply fan speed feedback  Supply fan start/stop command
— ....F Supply fon proof of operation Supply fon speed command 5]
Outelzor alr Flow o Supply fan fire alarm shut down VAV Reheat Terminal
Pressure relief
1 door (Typical) 2 E“"" Pepu
e 3L
Retun fan start/stop command - S
Relef dampers Renur fon pesd feadback ggw1;m 14800 it 75 ane
4 Return fon of i return 23 bhp, 5
- AHu! B e o S Ao s
: } Equipment room relief
plenum
k Equipmert room shatic
prassure.
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Humid|fier air
fiow interlock

Humidity high P
limit safety :ﬂ“:‘“:;':ﬁ o

300 cfm
exfiltration to

700 c¢fm
exflltration to
adjacent areas

ey i Pﬂ- eTer “T.Th P
radiation elements; Typical all
perimeter zones
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Document Conservation of Mass and Energy
Exhaust Air

) I

. e T, .
Outdoor Air 2., = b e - R |
L] ] t Ol - Tt J
[ - o ' i - ~ e
""" : PO By [~ H
_—— 5 = | Supply Air
L' . || B ey Ao el At “h—-:‘-'
= < A P o e S :
Relief Air e it | o |
5 .-r.. L E 1 \ .J
’ T R ]E.I' L — | = L
s TR L sne e | AEe
g At e s Y e e e e, !
< _— - e
| SN - __‘. g
T e ofeezee  Transfer Air
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