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Chapter-12 Variable Air Volume (VAV) System
Air conditioning 00000503¢E technical term  cupcbeon seedlmsedlsaq) air side $& water
side 0pq) $6§:38E20p0 Air side a320pben AHU 1 FCU 1 MV fan 1 VAV boxes 1 Deut, Diffuser 1 Damper
020pd[g¢ GrosCo005e8E2000 FepIid: $E00500520p5N Water side 0gE pump 1 305 1 000z 02005
Gc05E005a38200) FaepaididloCaopd
Air side 0pcopds Constant Air Volume (CAV) system $& Variable Air Volume (VAV) system
0g $6§38E00n Water side o primary only system $E& primay-secondary system opg)

$64:38E0p0

Air Conditioning System
Air side Water side

Constant Air Volume Variable Air Volume

Primary only system | Primay-Secondary system
(CAV) system (VAV) system

Constant Air Volume (CAV) system op€ blower o3eupob supply fan 00pd s§§0B8:5 opdaopd
F28lg] 0e[PpE:cdaopd deoocopSucdsss(fix speed)gt cuntieso0ob adelopt air volume rate ¢ocoRds
opdaopdmadly) we[gplicdeon Air volume rate we[plicdeomaelop¢ cooling load  sas5s3agp:
c8320q0503 variable temperature [§¢ 03§s0p00p5n 0o&:aB constant volume variable temperature op
el o0pd

Hall soo§:m0105(0%:03¢ Gesop(user)qpeaaogod erodg&deao( constant air volume rate) $&
5 oewlieslglioopd user smxadod eoysdeo(satisfied [§660)$EBE00 wupodeun Fa§|,com
opqPeea0gad  (Jp) Bo§oCoB0§od (23°C)oopd comfortable [gdo0pd 320qS(temperature)  [go[S:
2§),6000 0pgP:a0R0) (JG) 80§ 0EB0§od (24°C)o0pd eeatngfieonn temperature [§6$Ea0p5n
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Constant Volume—Multiple Spaces

single thermostat

$ 00 Geep3adod crodigs: 0eoogs copdeuag€ [gooosn [gbed§Eo0bn (Constant volume

multiple space)
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Constant-Volume, Variabla-Air- Vol VAV) Svst
Variable-Temperature System ariable-Air-Volume ( ) System
E
o

e variable- \\
speed drive
thermostat
Q°JJ & 0o

o338 user 0od84gC:8 9300r0d cobeqE:d 320505 opABaalcddedstemperature odeosdEepd
52520 (Variable Air Volume) VAV box qp:od obsgjonbeoElgEiolgdaopdi dop€lgoomoopbencde: saes:
coSody(gE:Bancgnd cd=60005 erovemme$ $& user saodeditemperature 03 Gu:8Eapd saeped
(Variable Air Volume) VAV box $¢ thermostat o&gdaopSi

VAV system 0od903€ 683005003 do€eepd

(o) Variable Air Volume o} deliver cp68Eeaon Air Handling Unit. (Air Handling Unit oo&geil supply
fan o3 blower o0p5 Variable Air Volume o deliver cpb8€q§320305 Variable

(9) Speed Drive (VSD) 0300bs0aosqepdi

(0) Supply Air cosdq$ Duct

(20) VAV Terminal Unit 300905 VAV Box 1 Thermostat with Controller $& Actuator o205

Single-Duct VAV Systems Diffusers

central air handler

flexible —

> &

OA — pa  95°F
90°F N — \ [12.8°C)

NIRRT

VSD )
RA' single-duct sheet metal
E | VAV terminal units supplyduct — >
' —80°R J
o g VAV

primary air

terminal unit

¢ 9JG ¢ 0J9
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Supply Duct System

central
air handler
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& diffuser
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supplyduct ] :
terminal /
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<°3 o) J-G Supply air duct system
Linear Slot Diffuser Ceiling—Diffuser Compatiblllty

T swot i

supply duct et
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Outlet
Slip ard drive

Damper Shalt
De o

iniet
Anection =
& standar p— own.
L and
lexible duct .
Certification @
AR BBD cented sound and pressure drop data

Variable air volume (VAV) box sizing - VAV box sagudssonegequdfgc:

VAV Box gz o3¢ Pressure independent $& Pressure dependent upg) $6§:§joopdn Variable air
volume (VAV) box o3 terminal box opcophieslecooopdn VAV box  sagudseoniqpicd
egeqiodgtsoopd(selection of VAV boxes size) ACMV 3a8qi8omgp: oBewnod 8&Es0qp: 320305
20§ 36qE0leon 320p000d9(g0B: 2a[godeopon0de0m 30pG0RbgdR0I

VAV box 20gud8a00:q0? 6gegiudq$ea0g0d 6320050l 32900 (§)) §10009326(gdq)

0520229 $83200000

Variable air volume (VAV) terminal box 900705 VAV Box & 3agudsaonigpiod egeqodes

(size selection) 220905 683050 32905(§))903 328m00msg) OBEgE3350005
(o) VAV box &l 8ssedgie a30upcd 8amiogeosq (Pressure drop across the box)

VAV Box o} ooobeo€[glsaloppt: ecocidaanoqeotig(pressure drop)gdecloopdn od 3z

oJeosq (pressure drop)2ogb 0.6 coode (0.5 inch of water colum or Pa)oocd edaoteon

() B=00600 33[Eed:sC 2085ads airflow o VAV box controller &1 09E:0:8Eq $& control cpd8Eq
(Ability of the VAV box controller to measure and control the desired minimum and maximum airflow
set points)
egeqjodepd VAV box @i controller 20p5 33260005 3agpediecocdsndged(maximum airflow
set points) $& sa505:ed:60003320505 (Maximum airflow)o? control cpdeo:8EREgaeRdI
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() VAV box il oqrgfa 006e08e $& ooowedme[36 opsoqododyps (First costs of the VAV box, its
installation, and controls)

VAV box ¢pscn0s0Eq§320305 2a0iopsoyodod(First costs) sacg§qpzood

(G) 3229ep0dq (noise generation) $&
Airflow qpsoopd3a8l VAV box gqp:e s205e05¢ (noise) [gdedl 2op0i

(§) 02690Eq$ Gsep 3200533 (space constraints)
VAV box gp:aopd esepopeomeloppt o0dsoles esep sa0i3ad(space constraints)gpigé
3fF} [Pyeogqopds

63300503E 006g0PgIE:B0? 326005805 gEgoonzood

VAV Box

Total Pressure

From Supply (_
Duct Mair> To Space

Fad

Static Pressure

Space
Thermostat
Differential

_—+[DP @ Pressure @
Pressure L[—I] Independent
Transmitter c | Controller |
Reset Input /
Figure 1: Typical VAV box controls.
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(o) Pressure drop across the box; VAV box i 8sao:edigee o30wnod 8saogjeotsg

Geoaopd 0obesepy 000e5ePR gAgPgH(Move) 30905 erodsmsoyfapig(differential
pressure)c32620001 00320p08 Guapd codesepe CodesePR egaypagRayE
eoodsaoyjeotg(pressure drop) [gded oopdi

ecoaopd VAV box 320p8:038 [godoo§sagnigelopE ecodsanop(geg(differential
pressure) [gdeolaopdi Gzt oppdeon air flow rate 320305 sagudsaeni{oieom
VAV box 2005 Gooscedeom crodsaioyeotsg(pressure drop) [gdeod: s2gobssonieonieamn
VAV box 2005 [0B3se226000 Grodsasayjeotag(pressure drop) [gdeoaopdi

VAV box ¢l aqpgi$:00p5 VAV box 6l sagudeaen:ad cdodejogndgp:oopdi VAV box &l
3203003 gE egEdqp:oopdi 93605 VAV box 6 3agodsaongodage
eeodamoyeotig(pressure drop) p5:00001 crodsaioyeolsg(pressure drop) §p5:0005 VAV
box &1 operation cost 20p0c0pS:spdie08 00N

8&Es0qp: 3200gjepfeom ed$§E00 (acceptable) crodsaoyeot:y( total
pressure drop) ¢> 0.5 inch of water column (125 Pa )¢ 0.7 inch of water column (175 Pa)
[§620251 2003[gjq§eaqi05en total pressure drop across the box [g6aopbi Statics pressure
drop eopa5ali

@O ©0DOPSDE

6220050 @34 (00)CMde 2gEd:EEoD VAV box 00ddo0pd Static pressure drop
320305 0.32 inch of water column §@ velocity pressure drop 83005 0.18 inch of water column
[g920p51 B (00)cucHe 3agudzaengean VAV box codadiel sagpsadicusdeonn max air flow rate ¢o
1100CFM [9620001 & (00)c0nde VAV box oodadie agodeilaonaopd epodada0pd 23 radiated NC

[§BaocS

0qbp eoSopgchs
VAV box selection chart o&[goonsaopd 10 inches c3E:03 [03050h eeg€pd B&: pressure

differential drop ¢ 0.5 c3&3203¢:edon05og0:cqE 10 inches cBC: $E[g0500503 qflepdi Bgodeode
a0edonabaogaayC air flow rate 1000CFM o3 qepdn odelopE boxes size, pressure differential drop

$C air flow rate (CFM) &l 2o[g§3o00§ ©0050305¢0a3qaopdl [ 0da0pd $09 ol data o BoyE
091$006903620p51 puEd(0)00cRde VAV box 03 cgegjod(Gs air flow rate 1000CFM 3>c3§cqE pressure

differential drop 0.5 inch of water column o3 q&epSi powd( ) o jooade VAV box o3 egegudde
pressure differential drop 0.5 inch of water column coc5$8Eaqi€ air flow rate 1500CFM qgedi
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Total Pressure Drop = 0.5 in. w.g. Total Pressure Drop = 0.6 in. w.g.

Inlet Outlet Outlet
Size Width Height _Static  Velocity Static  Velocity

(in) (in) (in) Pressure pressure Max Radiated Pressure Pressure Max Radiated
Drop (in. drop (in. cfm NC  Drop (in. Drop (in. cfm NC
* W.Q Q. *

.g. 4 Wi W.g.
4 12 8 0.08 042 | 230 24 * . * .
5 12 8 0.15 035 |333 24 0.18 0.41 360 24
6 12 8 024 025 |425 24 0.29 0.31 470 25
7 12 10 025 025 |580 23 0.30 0.30 640 24
8 12 10 0.33 017 | 715 23 0.36 0.24 790 24
9 14 13 0.27 023 |930 20 0.32 0.28 |1,030 23
10| 14 13 0.32 0.18 |1,100¢ 23 0.38 022 (1,210 25
12| 16 15 0.32 017 [1,56¢ 23 0.39 021 |[1,720 24
14| 20 18 031 019 |[21300 22 0.37 023 [2,350 23
16| 24 18 0.32 0.18 2,730 25 0.39 021 (3,010 26
* For the 4 in. inlet size, 230 cfm is the maximum rate allowed by the manufacturer’s selection
program.
Table 1: VAV reheat box maximum airflow rates.
¢ 000
Figure 3. VAV Box Selection Chart
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VAV box pressure drops can be expressed in
terms of both static pressure drop and total pres-
sure drop, which are related by Equation 1:

'ATP = ASP + AVP

2 2
=ASP+ [ Vin } _[ Vout )
4005 4005

e {[ e ]2 (o )2]
(8))

where
ATP is the total pressure drop
ASP is the static pressure drop
AVP is the velocity pressure drop
v;, and v_  are the inlet and outlet velocities
QO is the airflow rate
D is the box inlet diameter

W and H are the inside (clear) width and height of the

box outlet (outside dimensions less insulation thickness)

Qo
10,000
7,000
]
143,665
o 115 2,806
A
2,062
Inlet Size T AT LT
ettt o 1,432
- 22in.~” /// /':: 1,160
i = = ;916
— — 702
—— 16in. — = =
—— 44in - ,/ 515 —=
. r el o - E
127 DAL “3 _,3585»
s [
AT | -
8in.” _L~ g 1 -
7in.” AT ,/ i £
10— gp. 25 —= =
—— 5in. =
L 4in.<T-
10
0.01 0.1 1
Flow Probe Velocity Pressure Signal (in. w.g.)

Figure 9: Sample VAV box inlet sensor performance chart,

cfm vs. velocily pressure signal.

Chapter-12 VAV Boxes

(J) c¥3006000 Fogpeads & saspded: airflow o VAV box controller ¢l 03¢:0:08Eq $& control

cv68Eq (ability of the VAV box controller to measure and control the desired minimum and
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maximum airflow set points)

VAV box oB&:cpC sagpsad: maximum airflow $& s0g05:90: minimum airflow rate limitation
[g6205n airflow rate 2o0p5 VAV box &l 32g0bsaon: (inlet diameter) edog€qgonpbaopdn VAV
box ©0®920p5 200deobaonsa0pd maximum  airflow o comtgy control RE§ES

maximum airflow 03 comEsg> control cw6§Equodi Maximum airflow & minimum airflow

rate 0300050000: 386 8&E:3206g/05 $E0RL: B058qERdi

| Inlet size (in.) | 6 | 8 | 10 | 2 | 4 | 16 |
| Maximum flow (cfm) | 343 | 568 | 940 | 1210 | 1667 | 2162 |
Inlet area (sq ft) 020 | 035 | 055 | 079 | 107 | 140 |
Velocity in (fom) 1747 | 1627 | 1723 | 1541 | 1560 | 1548 |
Inlet velocity pressure (in. wg) 0490 | 0465 | 0.485 | 0448 | 0452 | 0.149 |
Outlet width (in.) 12 | 12 4 | 16 | 20 4 |
Outlet height (in.) | 8 | 10 | 125 ] 15 | 175 | 18 |
Outlet area (sq ft) 053 | 069 | 104 | 146 | 218 | 272 |
Outlet velocity (fpm) 641 | 826 | 905 | 80 | 766 | 7% |

Outlet-velocity pressure (in.wg) | 0.026 | 0043 | 0051 | 0.043 | 0.037 | 0.040 |
Velocity-pressure drop (in.wg) | 046 | 012 | 043 | 041 | 042 | 01 |

| Static-pressure drop (in. wg) | 024 | 028 | 027 | 030 | 029 | 029 |
Total-pressure drop (in. wg) 0.40 0.40 0.40 040 | 040 040 |
Radiated Noise Criteria | 28 | 25 | 27 | & | 27 | 24 |
Minimum controllable I ’ ‘ l l I
velocity-pressure signal (in. wg) 0.004 | 0004 | 0.004 | 0.004 | 0004 | 0.004
Amplification factor 280 | 224 | 19 | 203 | 197 | 194 |
| Minimum velocity (fpm) ] 151 | 169 181 | 178 | 180 | 182 |
| Minimum controllable flow (cfm) 30 59 a9 140 | 193 | 254 |
‘Best turndown (percent) 9 | 10 | 10 | 12 | 12 | 12 |
Worst turndown (percent) 30 | 47 | 172 | 15 | 16 | 15 |
Average turndown (percent) 15 |

TABLE 1. Sample VAV-box sizing chart. A two-row hot-water coil, 1.5-in. dP across the
box, and ARI Standard 885-98 noise-attenuation factors assumed.

?°J

() VAV box gp:ondeole§aecgnd saodimSoyodod(First costs)
VAV box gp:0n6e08e$300305 3208:nsaqofod(First costs) sacgsqp:oogdi VAV box 6l
oqesss 000Ce  $C  000Led3R0  cpSoqofodgp:  SacgSgpP:oopdi VAV box &l
2gudmonc) ogegdepogd VAV box i egesi: edopd mec[dq egeged ecp§oogd
2gudmeeni{oRoopdgdee cudaopdlgbeo anbsols(installation cost) oxfgpsg Boegeon

(G) 329590059 noise generation;

6002005 VAV box 220p8:09E[godoossagiec|opt spodadlgbediaonaogd
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RECOMMENDED DESIGN GOALS FOR
VARIOUS BUILDING OCCUPANCIES
ASHRAE GUIDE

Chapter-12 VAV Boxes

Occupancy Preferred Alternate

Private Residence RC 25-30(N) NC 25-30
Apartments RC 30-35(N) NC 30-35
Hotels/Motels
Individual rooms or suites RC 30-35(N) NC 30-35
Meeting/Banquet rooms RC 30-35(N) NC 30-35
Halls, corridors. lobbies RC 35-40(N) NC 35-40
Service/support areas RC 40-45(N) NC 40-45
Offices

Executive RC 25-30(N) NC 25-30

Conference rooms RC 25-30(N) NC 25-30

Private RC 30-35(N) NC 30-35

Open-plan areas RC 35-40(N) NC 35-40

Business mach RC 40-45(N) NC 40-45

computers

Public circulation RC 40-45(N) NC 40-45
Hospitals and clinics

Private rooms RC 25-30(N) NC 25-30

Wards NC 30-35

Operating rooms RC 25-30(N) NC 25-30

Laboratories RC 35-40(N) NC 35-40

Corridors RC 30-35(N) NC 30-35

Public areas RC 35-40(N) NC 35-40
Churches RC 30-35(N) NC 30-35
Schools

Lecture and classrooms RC 25-30N) NC 25-30

Open-plan classrooms RC 35-40(N) NC 35-40

ASHRAE ¢ 305:§g3202:030309¢] 20056005000:6000800505¢:

(5) 006808 qupdesapaaoyud3a0§im& 200505 (Space constraints)

VAV box a0pd qodsooqod(ceiling)  sa03:03E0ndaoCenp§oopdn  giodsnoqod(ceiling)

qP2ea0p8:0p8 208enqpeac VAV box 3agud3s00:000808q§ c33206000m:0[g¢ 03 vqf8eon adelopé
§8€e0m 3:[gCaeoloonpde) VAV box 8agud3e0:03 eggudondsotoggaopdi

VAV box qpso? pressure independent VAV box $& pressure dependent VAV box opg)
56§ioopSi Pressure independent VAV box o sacg83200:qpsoogdi Pressure independent VAV box
qp: @ controller qpsogE pressure independent control logic o} copdagEesaadigfogoopdn Pressure
independent control logic op¢ temperature control loop $& pressure control loop ope] cascading
control loop $8§:Clo€aopdi Temperature control loop 2op5 space temperature ( s98:el 3OFSOD
VAV box $& §od0o:00pd thermostat i sensor ¢ 03Esopo0pdi)
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Types of Variable-Air-Volume Systems

Most medium-size and large buildings need multizone air systems. However, many indoor
stadiums, convention centers, factories, residential buildings, and small retail stores employ single-
zone air systems. Currently used variable-air-volume systems can be mainly classified into the
following types:

Fa0diqeood variable-air-volume (VAV)system gpso? 680050122052 F[gr:§Edlooddi
(») Single-zone VAV systems
®) VAV cooling systems

(o) VAV reheat systems
(20) Dual-duct VAV systems
(c) Fan-powered VAV systems

o333 VAV systems gpagoo3[gaqfg€sen zone control $& VAV box sadpmaen: o3jgpdats
e[o3p€ [gdaopdn

oCompiearomgpist ABE:§ES 0o0pd ASEAN 8E&qps opC Single-zone VAV systems $& VAV
cooling systems o3 200603 §egEoR0!

:20005005¢ 3a[oFone680005:8: (Mmedium-size and large buildings) qp:og multizone air
systems o3 GoRqECR§oRdN S3eodd  IEZIonensopts(indoor  stadiums)  opSosiqls  oCom
(convention centers) 005§2a00b8gPis¢ 3p6epC:adyso0pd single-zone air system qps [g&o300p5

ASHRAE/IESNA Standard 90.1-1999, Energy Standard for Buildings Except Low-Rise
Residential Buildings & 00050050osqod3aq 30-hp (22-kW)cooB[oBieoon variable-air-volume (VAV)
fans 320305 variable-speed drives 033600 oofgieoo controls device 0069332630000 fan static
pressure 2000 03:0006(a0003F020p92§$0pE (one-third of the total design static pressure based on
manufacturer’s certified data.) 8&: Air Flow Rate oodoodageotsaqi (50 percent of design volume
flow) o3 variable-speed Drives 20p5 Motor 30-hp (22-kW) 03 90% coodspdieaant [grpdeosSeepdi

50 percent of design volume flow rate when fan static pressure | 2 30 percent of design
equals one-third of the total design static pressure based on wattage
manufacturer’s certified data.

ASHRAE/IESNA Standard 90.1-1999, Energy Standard for Buildings Except Low-Rise
Residential Buildings, specifies that individual variable-air-volume (VAV) fans with 30-hp (22-kW)
motors and larger shall have other controls and devices (such as adjustable-frequency, variable-speed
drives) that will result in fan motor demand of no more than 30 percent of design wattage at 50
percent of design volume flow rate when fan static pressure equals one-third of the total design static
pressure based on manufacturer’s certified data.
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VAV box control 350060060

Chapter-12 VAV Boxes

80050005esd[gdlepd
VAV Box
Total Pressure
From Supply (._
Duct Mai|> To Space
f'
Static Pressure
Space
Dift tial @ Thermostat
erentia
Pressure < LOF Pressure
. Independent
Transmitter cC e
Controller
Reset Input-/
Figure 1: Typical VAV box controls.
Airflow=> | J;T
. - :
Airflow :
Sensor { Gontroller |-------- []
Thermostat
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-End —
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