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# VAV Systems-
What Makes Them Succeed? What Makes 
Them Fail? 

Thomas E. Cappellin, P.E. 
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ABSTRACT 

When variable-air-volume (VA V,J systems work right, they 
provide excellent temperature and humidity control and in addi­
tion deliver outside air to conditioned spaces in amounts suffi­
cient to satisfY ASHRAE Standard 62 and meet all criteria 
required for acceptable indoor air quality. The final benefit is 
lower utility cost when compared to a comparable constant-air­
volume system. 

However, the successful performance of VAV systems is 
often compromised by flawed conception, faulty design, defec­
tive installation, poor start-up, inaccurate operation, and inad­
equate maintenance. Field observations of underperforming 
VAV systems have uncovered problems due to mistakes that 
have been made through all the phases of system development. 

It is recommended that most VAV systems be designed, 
installed, started, and operated under a comprehensive commis­
sioning process. Experience has shown that careful monitoring 
of all phases of development and operation will ensure that there 
are minimal problems to plague the building owner and oper­
ating personnel once the system is in use. 

This paper is written from the viewpoint of a former 
contractor who is now a professional engineer and who has 
designed, installed, started, and maintained VAV systems. 

INTRODUCTION 

When variable-air•volume (VA V) systems are at their 
best, they provide exceptional control of the occupied space 
environment. The temperature and relative humidity of the 
space is maintained at design settings, and the majority of 
occupants are comfortable and productive. At the same time, 
the conditioned air is filtered to a degree that enhances the 
quality of the spaces by providing a healthy working environ­
ment. In addition, building energy costs can be reduced 20% 
to 30% when compared to conventional constant-air-volume 
systems. This is due, in large part, to the fact that VA V systems 

run on an overall average of 70% of anticipated peak load. 
Interior zones average approximately 80% of peak loads, 
while exterior zones, due to constantly shifting solar and 
conduction loads, average approximately 60% of anticipated 
peak loads. 

However, the successful performance ofV AV systems is 
often compromised by flawed conception, faulty design, 
defective installation, poor start-up, inaccurate operation, and 
inadequate maintenance. When VA V systems are at their 
worst, they tend to drive occupant comfort and indoor air qual­
ity down to the lowest ebb possible. The systems operate with 
wildly swinging temperature and humidity ranges in the 
conditioned spaces, noise, frequent breakdowns, and high util­
ity costs. Field observations of underperforming VA V 
systems have uncovered problems due to mistakes that have 
been made through all phases of system development, starting 
with the conception phase and continuing through the opera­
tion/maintenance phase. 

WHEN VAV SYSTEMS ARE AT THEIR BEST, 
WHAT MAKES THEM WORK RIGHT? 

The system designer has obtained all available data that 
relate to the owner's requirements. This provides the basis for 
accurate space-by-space heating and cooling load calculations 
that determine equipment capacity requirements and ventila­
tion rates for all the conditioned spaces. This, of course, is a 
vital exercise in ensuring the success ofnot only VA V systems 
but any type of system that has been selected. Listed below are 
many, but not all, of the Items that must be considered in 
preparing an accurate heating and cooling load profile of each 
conditioned space. 

I. Owner's criteria for space temperature and relative humid­
ity conditions. 

2. Local weather conditions that the building will experiefice. 
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3. Building mat~ri~ls to be inc.orporatecl}nto the cpnsJ!Uc.tio11 
of the building, including co.lor and insulation values. 

4. Building orientatiop on the .,site and layout q~_,occupied 
spaces, windows and exterior doorways. · 

' •I ·} 

5. Occupant density and activity planned for each sp.lj.Qe. 

6. Lighting and imemal heat-producing lo~ps, etc., '.plann~d 

for each space. :w ,, 

7. Time-of-day, day-of-week;. and seasonal schedules bf 
occupancy plus on-off schtdufos of lighting and internal 
heat-prociur.ine loads. 

·During the design phase of VA V systems\ the designer 
must provide sufficient quantities of conditioned dutside air to 
a!! occupied spaces to comply with the indoor'air quality 
(IAQ) requirements of ASHRAE Standard 62. The designer 
must also provide;sufficient quantities of conditioaed outside 
air ~o satisfy the exhaust air requirements of the building. 
Often the quantity of outside air required to satisfy building 
exhaust systems exceeds the quantity of outside µir r~qµired to 
s;itisfy the TAQ requirements of the building.'' ",.; :i :, 

The introduction of outside air quamiries to each condi­
tidhed space must remain constant throughout trre~ininimum­
to-maximum range of variable supply air dClivcrctl to the 
condi11ioned spaces. The outside air must also be provided in 
quantities sufficient to keep the·building under a positive air 
pressure in relatim~ to the outside environment: : Thi~ .is to 
ensure that infiltration of untreated outside air is kept to a 
minimum-. Currently, premium designs of V.A V systems 
employ mechanical injection via a dedicatecj -outside air fan. 
This ~trategy providrs a co.i;i:trolled quantity of ou~sid: air that 
mix~s with, ,the variable :return air entering th~ ~ir~liandling 
unit. (Note that in hot and humid climates, this oi.l tS1de air may 
be·precooled and dehumidified before it .. is rttix@d· with· the · 
return air as an· added measure to control relati~e humidity 
levels in the conditioned spdtes). This provides the~onstant 
volume of outside air required to satisfy the needs of IAQ, 
exhaust systems, and buildjng pressurization during oooupied 
and un9~uPi!':4, modes. It has. been . ~qund that c,omplicated, 
and often badly designed, con~o1 strt.t,e~ies Wat lf.!W!i~u1ate 
dampers to mix outside air with ,retum,a_ir fail t9 a~cq.rrw~lish a 
dep~1mdable constant volume of outside air into the air-
hanClling units intal<e. · 1 

.. , . ' 

1
\rarious strat~&ies ~re ; mptoy;d f6r coKtf"d t ofth~suppty 

air delivered to 'tfie variaBle-air-volume· teri7Hlnats '. ! These 
include, but are not litnited to : modUl~ted flov bfCtillled water ; 

. .. .. 1. 
through the :'cooling coil c nsta'nt flow of ·chilllio' water 
through Lhe cooling coil ("wild coi'f")" couplecf w ith face and 
bypass control, direct exp~nsio.o coifa tha~ are.kept cpnstimtly 
cold, by specialized "bypass.':: controLvalYie$; f:lQ~ t1'~;1,1.~~ of 
economizer air when availab}e .' The'.corre.ct . st\'ateg_y,:mu~ be 
selected by the,designer after careful consideration of its 1~bil­
ity to deliver dependable and controllable conditioned ajr. 

. lt is extremely important that all return air and outside air 
be ~·leaned by high-efficiency air fi]t!;;rs before passing 
through the heating and cooling coils. imd then being delivered 
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to the conditioned spaces. Th.is is. not only to protect the coil.s 
from accumulation' ~f debris but ~o assure buildi~g occupants 
of w,~rking ip an e9vironment c?n,~itioned by clean, healthy 
air. To ens\i,~e compliance witli ASHRAE Standard 62, many 
designers now select filters having a minimum efficiency of 
60% to 65% (based on ASHRAE Standard 52~ 76) as the 
primary air-cleaning 1 method employed ·in the air~handling 
unit. Ii is normal practice to reduce·~tlie teplacement interval 
and expense of these filters :b/pfotecting them with a rela-
tive!Jy economical prefilter section. , . f 

A VA V system, by design, delivers11cbnditioned supply 
air to the spaces in quantities that vary as required to satisfy the 
space temperature setting. In order tO: prev.Cndpace relative 
humidity from exceeding the normal ·design conditibns of50% 
to 60%, the supply air temperature delivered t~ the condi­
tioned spaces should be maintained at approximately 55°F 
without reset. This j11-:nonnal when Qperating ;~n hot apd humiq. 
climates. In a alimate ;:thiat is not .boi1and hu!Jlid, reset qf the 
supply air temperature;-up to 60°F, may be considered with the 
understanding that a higher supply air temperature diminishes 
the ability to remove moisture from thi:; _:;upply air hefore it is 
delivered to the conditioned spaces. · · 

, ' • ) L .. 1 / , _: I 

Delivering a variable volume of supply air to the condi-

tione1~ spa~es_ .~R~~ h~ve 
1 
so.~e ~.ra~ba~~s . 9 urin? the early 

days of dest::>~ ing· -.:rar1able·ai.r systems, tfa~ air control temrlnal 
boxes were allowed to go tb furl shut-off. Alchou'g'&· his was 
an effective way tc{' redu1ce :space cooling erfect to' zero :it 

I •• 11' f 
caused the space·bc·cupants to suffer from stagnant air condi-
tions arid it became apparent that Standard 62 minimum venti­
lation'afr' requirem:ebts were not.being met. Thi~ has led to the 
current ·de$ign ·c6ri'sid~ration of lim'iting tne supply air to a 
predete'rm:i'hed rri.infrnuiil-ventilation air quantity that complies 
with Standard 62. Although this air quantity satisfies the mini­
mum ventilation' air requirement of the conditioped spaces, it 
also leads to overcooling the spaces due to the continuous 
deJ.ivery .of air at a temperature of approximately 55°F. Thus, 
it has p~9me necessary to reheat t.Jt~ air to~ temperature that 
negates the cooling effect of the supply air and, in addition, to 
provide a9qiti~mal heating., ,of the conditioned spaces as 
required to satisfy space heating ~wperature settings. Reheat, 
of ~ourse, ,• i!1 o~ly provided to a redµced volume of supply air 
and is not u~jlizcq ,to heat the max\mum air reqµjred for full 
cooling effect; , Some. exceptions ~~ist •. ~u~h as spaces that 
require maximum: ;iir delivery at al\.times. 

Normally, supply air is delivered to spaces in a range 
between 0.8 and(l·.'5: cfm/ft2 of conditioned space'. This quan­
Lily hat been found to be acceptable by most space occupants, 
being perceived as above _?tag11atfon conditiol'ls . an<;! below 
dr~fty conditions .. ~p,me ~cep~io11? w.iU req~rre ~ ,high~r air 
de livery but it is nonnally J)_O.!~dvi$~kle tp,pr.q~~de ventilation 
air l.h~~1 !s _9e).o ~~e ~inimum qu~ot.ity st~ted above. It is of 
prfme· iiJi~9ri'knc~,· ha(crinditionea ~~ i f o·e1

lhtroducb'd' int<n he 
occ~pied ' spa~es" witflo"iit causing 'a feeling of stagnation, 
dumping~ol~ air plrecOy "onto the occ;upants, o~causing drafty 
conditions. 1

.. -J , • "·i· 
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Current state-of-the-art VA V systems are controlled by 
direct digital control (DDC) systems that employ micropro­
cessor control panels and sensors for the space temperature, 
space relative humidity, supply air temperature, return air 
temperature, outside air temperature, and mixed air tempera­
ture. The control panels can be interconnected with a data 
transmission cable that can connect to a r,iimote workstation 
manned by an operator. From this station,, the operator can 
address each DDC panel to access c~rrent 'temperatures and 
relative humidity values of the conditioned spaces and the 
various air-handling units_ and central heating and cooling 
plants that serve the total HV AC system. The DDC control 
system:. has been found to provide accurate;;control of all 
system operations and is valuable as a means for troubleshoot­
ing temperature, relative humidity, or air delivery; malfunc­
tions. Data logging features 11J~ow for reviewii:ig a history of 
zone conditions and system operations and predicting length 
of intervals ,between routine maintenance r~quirements. 

Building owners are becomiQ.g more receptive to provid­
ing full or partial commissioning of the mechanical systems 
before taking occupancy of their buildings~, They perceiy~ a 
positive benefit in the use of the commissioning process to 
ensure full system operation once occupancy begins. They 
find that there are few callbacks for system malfunctions, and 
acceptable environmental control of the conditioned spaces is 
established quickly instead of after months of manipulation of 
the control adjustments and air distribution' compoilerits. 1fhe 
owner and the design team have both found that the best assur~ 
ance .of systemwperational success is when design, installa­
tion,-~ and start•up procedures c·are performed under the 
verification of a total project commissioning program. 

No matter how successfully the design, installatiC?Jli, and 
start-up phases are performed, the end results can be 
completely ruined ifthe systems are not operated cerrectly or 
maintained and serviced under a preventive maint~ance 
program. It is of prime importance that the operating person­
nel receive proper and sufficient trait'l'lng in operation, trou­
bleshooting, and maintenance of all pieces and parts of the 
systems that serve the occupied spaces and the central heating 
and cooling plants. It is equally important that the operating 
personnel,.h,11ve. ~uffic;ient ability and knowledge to compre­
hend the trainini sessions and be able to,init~ate and support 
the preventive maintenance program requ.ireqJorthtf. systeqi?. 

ii , I , · . ~ , l 1 

WHEN VAV ~YSTEMS ~RE AT 1HEIR WORST, 
WtfAT MAK~.S THEM Sq.BAO'? 

VA V systems fail to1perform fortfte same general rt!asons 
that other HY AC systeins fail. In addition',Ythey have been 
found 'fo be more· sensitive than other systems. Ariy brie of the 
failures listed below will cause a VA V system·td undeiper­
fonn and create uncomfortable and/or undesirable:.conditions 
for the building occupants. If the system suffers froin two or 
more of the following missteps, then it is very unlike:ly that the 
building occupants will ever be satisfied with their working 
environment. 
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VAV Systems Are Improperly Designed 

1. 
1'1 ,. ' 

The owner's intent was not kn9y.r11. Many times owners do 
l)Ot clearly convey to the designer'"what ther expect to 

r: receive Jhen the building arid its mechanic1r1 systems are 
turned o'ver to them. · 

t' • 

2. ,The own~r's intent was ignored by the designer, who may 
'not have been. conv'inced ~hat th~ owner was siqcere in 
conveying his/her intent ~d e~pec~~tions. ll' -

,., 
.). The d.ata used in heating/coo\ing.~oad calql!ati5ms were 

e;rroneous or the me~hod of calculation was not performed 
correctly. ;Ibis results in syst~rn? that are undersized or 
oversized and, in either case, Ul}_c;tble to maint~in comfort in 
the COI)-ditioned ,Spaces. 

4. ::fa1uipment and system components are improperly 

5. 

selected or configured, and the conditioned spaces do not 
'. :{~c;eive the correct temperatur~ 0r volume of ventilation air. 
. This nllJY occur when the. owner decides to u~ilize spaces for 
:. purposes other than their original intent and the. designer 
has not been informed during the design process. 

The designer does not understand how temperature and 
humidity control systems must be selected and.applied to 
properly·~perate the, mechanical equipment, which results 
in uneven and erratic control of the conditioned spaces. 
Many tinies control··systems, and their strategy, are not 

, · _ clearly and thoroughly described. The contractor is then left 
1with:the prciblem:ofdetennining how the various control 
sequencesoare tq be attained. This leads to miscommunica­
tion and misapplication of controls and dooms the system's 

-1 • ability to: properly condition the spaces! 

6. V AV systems are often designed to be more complex than 
their competing altemat~ives. It has been found that with 

-1.. ' 
additional complexity and elements, there is a greater 
chance of making a mistake in design, construction, and 
operation. lncrt:ased complexity results in systems that are 
more sensitive to errors because there are more things that 

· . must work ifthe systems are to function properly. If there 
are more things that must work, 'then there is a greater 
chance they will fail. , 

1'. The designer does not consider the'operator's problems in 
o~~ratlng and maintainihg't&e systems once they are even­
tually placed :into service, Many times the designer will 
ignore access-·requirements>for sertice and maintenance as 
recommended by the equipment manufacturers . .,If the 

." desigper adds more complexity to th,~. system, the more 
,diffic~lt will be its qperation- and m~intenance. ' 

V~V Systems, Are Poorly Constructed 
•" I ; :_,, .', I!'_,'\ ! , ' .Jj·] c";",r i \ 

I. The contracto~_, d,oi;!si pot install : equipment , a,nd system 
s:,ompqnents ip. accord<1,nc,e with the construction docu-

,' ,,'I> (,1 .·., I 

. \ , rpents. 

2. The contractor substitutes equipment and/or materials that 
do not.have the quality and features required to meet the 
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design intent. This must be coqtrolled by th.e A/E's careful 
review of all submittals. · ,., · 

VAV Systems Are Not Properly Started, Adjusted,-~ 
and Balanced ... . .1. • 

• • I • - , { , . · I ~ I 

1. The eqmpment start~up and checkout procedures · are 
'·incomplete and rrrariy control functions are riot verified. 

This creates the possibility that equipment and systems will 
hot.respond correctly when critical control sequences must 
O('.:Cur. This generally happens when systems go through 
mode chartges. such as outside air control during econo-

. rnizer modulation or when air-handling tmits require 
temperafure and air· volume reset. Many times the systems 
·are placed into operation without verification that control 
strategies operate in accordance with the. design intent. Tne 

' lack of a thorough. commissioning ·procedure during this 
phase will invariably lead to poor system perfom!'ance after 

; 
1

' building occupancy occurs. 
~: I 

VAV Systems Are· NQtPrQperly Op~rated and/or 
Maintai~ed -' , " ·; · : 

1. The operating personnel do not receive proper and suffi­
cient training in the operation and maintenance ·of the 
systems .. 

2. The operating personnel do riot nave suffrcierit'ifkills and 
knowledge to comprehend the complexity of the systems 

·they must care for. i·: ' · 

3. The operating personnel do not pursue an active program in 
preventive maintenance of' the systems. As a- result,' 
frequent breakdowns and poor control oflhe'26nditioned 
spaces are incurted. .. ,.;· 

4. The syste~ m~y'-teceive well meaning but misguidb'd'oper­
ation and maintenance attention. ;In thfs ·~ase,'the operating 
personnel respond to what they perceive to be•system prob­
lems with what they believe to be cures. Th'.ese might, in 
fact, be incorrect ·and lead to many more problems. A lack 
of technical knowledge and troubleshooting guidance 

. r could lead to this result. 

WHEN VAV SYSTEMS ARE AT THEIR WORST:, : 
WHAT IS THE RESULT? 

Dry-Bulb Temperature Is Not Maintained 
l A , 0 - r 

. The SY;Stem fai),s to keep the sp'!-ce d~~bulb t~mpe~ature 
in the range necessary for occupant conifon. This can mean 
that the temperature of the complete space J r part 9fi~~· ~pace 
will be outside the acceptable range all or part'ofthe tirne. It 
could alsd mean that'; aithough the tefiipetati.Jre 'stays:\vithin an;, 
acceptable rang~; it'changes rapidly enough to;b'e noticed by 
occupiints arid caus~ a: 'petceptfon of discomffirt. 0 

Ii' ; 
- , r . , i...l- • • ;_ • • 

Humidity Is Not Maintained • " ... i r' ~ .~ ~·. 

The system fails to maintain space 'humidity :within 
acceptable limits. As-~ith dry-bulb temperature, this rnay only 
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occur part of the time (i.e., under certain loading conditions). 
Poor humidify control can have another, and previously 
unforeseen, consequence. It can promote the growth of mold, 
mildew, and otHer living organisms that lead to poor indoor air 
quality.· · 

'. . / 

Air Motion Is Objectionable 

The system may fail by causing either too: much air 
moti0n, causing occupants to experience drafts, or too little 
rnotion, cad.l>ing occupants to: experience the feeling of stag­
nation. At low airflow, the system may exhibit "dumping" 
from misapplied supply air devices. 

Noise Variances Are Objectionable 

Althoush ,often closely associated with 
1
air motion, noise 

must be considered separately. Objectionable n_oise can occur 
even .when air motion is acceptable. Either general sound 
levels, or'cha~ges in sound levels, can be objectionable to the 
occupants. 

Indoor Air Quality Is Not Acceptable 

The system may fail to keep room air sufficiently "clear\." 
This can happen in several different ways. The total quantity 
ofvcntila'.tion air brought into the air-handling unit may, under 
some:;Joading congi~ions, be rinadequate. Although the total 
quantity of ventila~~on air ,is acceptable, the venti~tion air 
deliver~d to a spec,ific space may be inadequate at some loads. 
ln a~dition ; if ea~r space receive.s its required ventil~tion air 
quarittty, the effect!ve ventil;nion may be less d~~- to 'poor air 
mixm·g and short-circuiting. The design~r may have selected 
an ~ir filter system having insufficient efficiency to clean the 
conditionecf a ir to a suitable level, or the oper.~ting 1personnel 
may 'replace acceptable air filt(:!rS with those having less effi- -
ciency. Finally, airflow variation~ can also cause filters to 
work' less efficiently in cleaning 'up recircu'lated air. The end 
result of hll these fa'i l~res is the ·same: indoor:air contains 
pollutants at levels of concentration 'above that which is 
conducive to ·occupant health and comfort . 

High.Operating Cost Is Experienced 

The final failure is the only one that has nothing to do with 
occupant comfort. ,This is when it is found that the system has. 
become excessively expensive to operate and maintain; which 
may take the form of either high utility cost or high mainte­
n~nce c95t,,-TP.e defect that leads to this condition m~y have its 
origin ip any pr an phases of design, construction, or. opera-
tion/maintenan~e-.: '· ., 1 ., , 

WHE
0N VAV SYSTEMS ARE1AT THEIR

1

WORST, 
WHAT HAS BEEN OBSERVED? 

·~· ' I :;~ _· .,,' 1 ' ,,·:: ,,I.; , ; 

-, ;y f\.Ysy*ms 11Te expected to provide occupants with a 
comfort,ab~e and healthy ~m,vironment. Owp.ers expect them to 
provide dependable operation and low energy consu~ption. 
Unfortunately, after start-up, many VA V systems flounder 
and cause dissatisfaction and problems for all parties; includ-,.. ·~ · . 
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ing the owner, design team, contractors, o'ccupan~s, and oper­
ators. 

When diss~!isfaction and pr9blell}S are addressed, it i~, 
often found that they stem from negligence on the part ofone 
or more of the above parties. The following observations were 
made during visits to buildings in response to occ.lipa& or' 
owner complaints. , , .. 
I. Most of the VA V boxes. would not move in, respons!i!. to;, 

their thennostats. Their linkages werei such that they tended 
to :bind when the actuator stroked. The ;Jinkages had been 
field-modified to provide a minimum of25% airflow.' · 

a. Previous routine maintenance did not discove.r,~his ~l"obleW,."', 

2. The design specified that the supply fan 's inlet g~de vanes 
be controlled by a static pressure sensor located tWo-thirds 
of the distance from "the supply fan to1~e end 9fthe longest 
~upply ai~ duct run , A high air press~re limh ·~as ~pecified 
to be located at the discharge of the supply air fan. Instead, 
the static pressure sensor was installed at the discharge of 
the supply air fan. ~,.. ., ·-ti<. .· ,. 

a:·T4is variance had not been picked UP, durwg ti]~ systt;m's 
, start-up phase. ··: '; ,.,,. -

1 
:, •• • 

b. Previous routine maintenance did not disco:ver this prqblem, 

3. The air~handling unit controls are unnecessarily complex.· 
Somf; t>fthe control systems were totally inoperable. : ,,, ·· 

a. The ?esignef cii<lJ!iC>t heed !he requirem~nt, for applyfu'g the . 
' J,K~~s·; procedure in 'fhe .in,terest of ensurin~. consrrtc­

tability' and maintainabil \fy'. The pr<?blem ..iias ~her 
compounded. ~y ,~. vague sequence ofCont~ol descrip-. 
tion in the temperature control specifications. 

b.: The ~p~ratl~g personnel had very littli' und~~fandin~· of 
how the system was s_upposed to work. Wheri the c;on­
trol system~ b~came ' inope~ativ~, tq~y were u~ag l~- t9. 

... r diagnos~ ff~ problerp, an·a make corr~ctive ~~~j1,11~t- ·· 
• " .J • • - " ··· ' •• ments and repairs. 

- '( .... "1 .,• 

4. The supply air fan and return air fan,were designed to Q~ 
controlled by the same supply air static pressure sensor. The 
economizer modulation works totally on the· basis of.ihixred · 
air temperature., , 

a. It has been prove'd (by painful experience) many times that 
1 the return air fan must be controlled separately from··· 

the supply air fan. · .. , · ,, 
b. Successfiil control of the economizer system·depf!nds 'on a 1 -

dombinaticin'of inpUts from various s6urces, including, 
but not necessarily limited to, the supply air ·tempera­
ture, 01,1tsiqe _air .~emperature1_. ap~ .,r~~TI? ai~ te~Rera.-. \ht --; '.l\. . , · · · c. , .. r""" • ,. '- \,··'"I '" ·1 '-' ture. · ... ' .. , . -... 1h ... • 1 _ , •• ....Jr--

... .' .).•.lt I t , •-:= ~ t I ·v 
5. The original design specifi~d . '~ . eniha

0

ipy-based 
changeover tor the econcim'izef system. Tli' thaiige~ver 

. point ~as erratic and became·1nonffinctional affer a shbrt 
'p'eriod of operation. 

. l 

a. There is general industrywide agreement that enthalpy 
changeovers tend to be high-maintenance items that 
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require frequent calibration and,. many times, do not 
function as intended. 

b. Failur\}~oft~ economizer can sometipies go undelected for 
a long length oftim~ and lead to higher utility ,<;o_s;s. 

6. ·" The static. pressure controls on the supply air fan have been . 
, disconn~te~. 

0

The contrql Pl\ ~h~·,rrturn air fan remains ' 
\:Onnectep and operable. , _,, 

a. This apparently was done.•withirt the system's first year of 
.. ·::operation due to· proble:rns fitim,association 'of the 

.. ,, · · operation of; VA V boxes with :''pressure-dependent" 
', .controrl systems. This was· a weir-meaning, but mis­

guided, attempt at solving the problems.'. The, "repair" 
led to high static pressure at the inlet to the VA V 
boxesi1µ1d resultant air noise when the boxes throttled 
in. accordance with theiri:space->temperature control 

.. , systems. e• ·. .. .. 
b. The continued control of the return air fan resulted in 

uncontrolled differential pressure of the conditioned 
q,'~aces in relfilon to th& eutside ail> }R>essure, -This led 
to infiltration of untreated outside air, high space 

.. humidity, and pqor indoor air quality. 

7. The belts are; missing ;on the return air fan. The fan is, free­
wheeling in the airstream. According to the operating 
•:pers~~l, 1bis situctt!on ,ha$ existed. ,for a long period of 
tim~.. " :. ,,, . ,, 

a. This is an obvious lack of a preventive maintenance pro-

,: gram. , . , _. '.o-f·r 
b. }\,11,}Vla,lysis oft~i;s ~vent ma~ lead to the cqnclusion that the 

. 'jii • system doe.§ not require a r~tµrn air f~. . " 

8. The perimeter baseboard heat is controJ!ed by ~eparate ther­
mqs~~s_. !f e t,:mp,era!):lre se~ings, of these often overlap the 
,,t~mpera~re se!li_ngs of their respective YAV boxes. , 

a. Normal pr_actice is.to control both ~ompom:nts from the 
same -thermostat in a sequence -!hat prevents simulta­
neous operation of heating and cop)ing. 

b. When the heating component is Otil,erated unnecessarily, 
there is waste and higher utility,costs of both heating 
and cooling energy. 

9. The filters are\tery dirty; some have collapsed . . 

a. This is an obvious lack of a preventive maintenance pro-

gram. ·'' 
b. This will lead to higher utility costs. 

IO. 'The syste~ 'has.a, nti~ber of long runs of flexible duct. 
Numerous arr 'foaks were found in the flexible ducts and.

1 

.... ': . ,. "•, "\ r' . ·- ,., .. 

. · th'eif i~Iated. duct fittings., · · ·-· · 
.l ' "- .... ' : ·'· . • 

a, A-.cceptaql\,l design1pr(i~tic~ is to W?~~llow therJJSe of, flexible 
_, . •. ,-du~s\1.p~~eam of, and ~onnected ~o, the inlet connec­

tion of .tji~ V,A V boxes. This ..yill preveµt unat;1tici­
pated extra air pressure drops . 

b. Acceptable design practice is to limit the length.of flemble 
ducts coru;iected to supp~;r air devic,es to a maximum of 
six feet. l]iis will prevent unanticlpated extra air pres-
sure drops'. , 
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c. A commis~ipr;iing procedur~ may have caught;this duri~g 
the design or start-up phase. · 

d. T.
1
1).e duct leaks should hav~ bee,n di~c~ver~~ durinR the te~t­

ing and bal<1-ncing work pi:iqr to owner accept~ce. 
) ' ,,. ,.Ji i :, .:.\ 

11. !The system is significantly oversizep (a :revised cooling 
load analysis indicated aTI excess cooling capacity ahove 
50%). Tbe syste~ .\Vifs,9,~s(ji;ved to be. {)perating at th~ , 
bottom rangy of i~~:flesig!l~d~µ-_volume delivery. 

a. This is a problem caused by the designer by using faulty 
:; data in, J:l~k:ulating the cooling loads, making bad 
,, ass1,UI1pti9ns about system requirement~, or botching 

the cQOHng, 1,oad qlculations. 'i •. 

b. Operating an oversized system can lead to high humidity in 
the spaties an,d, consequently, produce poor indoor ~jr 
quality. ·,, 

Ii Not only has die air~ha11dling unit been'sized without using 
diversity correction, blit its schedu~ed alirflow exceeds Jthe 
total maximutn scheduled output of its respective VAV 

· boxes. J• ·; · .. , 

a. This is an obvioti~ design error. ·• · ;;: 1 ·. 
·U, . ,. Ji.· c1 : 1"1 · 

13. The VA V boxes \¥ere originally designed to go to complete 
shut-of£. ' . . :L. .. ! . r .. 5'1'> . . 

a. 'JAe .. des_l~er .lgno~¢ ~~e~·~~e~~ 'd~r:.-veiirilfaf\~~,~~f'ctui~i~ ... 
, per~eds oflow coolmg lrpads. . • , - _ · 

,, ""' ,;, .. " ·• I ,,.. ,• 

b. Ev..en,.though}h_e sensible cool_i~&)~l19 'n~Y ~~ satisfied, a :. 
latent coo\mg load may still exist~;fh~i!;a lpss of spac,;

1
e . 

humidi,ty control will p~obaQJy occur ano. the . f.)CCl,1-. ... ... . ·'~" .,. ' 
pants wi)l experienc~~ .. cool and cla~~Y eq~~roqrp~nt. 

c. A shu!-off of v.eAtilation air to the. ~p~c3 :•"". il \ e~p,Rse ~he ... 
occupants to a condition of air. ~~?.¥Pation (po?r in,~o?; . 
air qu,alitY, ):. 

14. The inlet guide vanes· of the supply, air fan~fod, a brol<.cm. 
linkage. ·.-:'.'· :• .-·'·!,. · '" · .. ,,;·iii 

a. The linkage was provided by the contractor. \fhe· Iifikage· 
was undersize'd 'for·the load imposed on it bytJ'i&rfan's 1 

inlet guide vanes. •' 
b. The inai:lequate linkage assembly' was''acceptetl bf the Ai'E 

observer during constti!J.ction. J' 

c. The linkage broke soon after the fan was plac&l. ittto opera: 
tion. 'Fhis was not discovered by the c)perating person­
nel due rd -the~ lack of an organized ., preventive 
maintenance program. The personnet'also failed to·" 
identify the problem even though i:\ severe ~'hunting" 
cotidition ~as encountered in, the pfessure of the sup-
. ply. am: distributiQl'l system ,and ntlmeFQUS occupan.t 
cbmfort complaints were registered.·.··· .:: · .:·.;·: 

15. Almoseaifthe VAiv· boxen¥efo maHunctioning due' 1tol·. 
incorrect sp'ate·tetnp.eratUre serti'ngs. : . . 11 ,:) '.; , 

! ~J" • ~., If (! (• • !' ·, -Jt Y. ~,· ) l11rl • ii:· 
a. T.empew.twe se'ttiit~ph?'~!P. ha~; .~~e1~, y,¢~ir),e~ ·;du:,i~& 'tN! '· 

system start-up phase. It is pqs,~j ~le thar .u.n ~el-' 'a com~ · 
mis~ionipg procedµ~~' this ~~Ufa h~v~- ~e·~r ;~orrecte'cl 
as a standard checkout of the thermostats and/or DDC 
control panels. 

6 

b. Infoh'ett t~mperafurtt·settings will guarantee that the system 
will n'ot provide occupant comfort. ' · 

I 6: An air-h~ndlirig unit was f"6und with an open access door on 
its mixed air section. The mechanical equipment room is 
used'for paint and' chemical storage. · ·· ·. 

a. The operating personnel failed to properly fasten! the door 
shut, and it swung open during a fan shutdown period. 

b. The operating personnel were.responsible for the storage of 
,j paint and chemicals .ih1the.:me·chanical room. This is a 

bad practice and should be avoided. Any chemical 
fumes ,drawn i.nlu lhe air-handling unil could present 
seriou$;health and safety conditions in the conditioned 
spaces. 

17. The cooiing piant is in need,ofrepair. Tne occupants have 
registere'4l.complaints of the spaces being;tob hot. 

a. This is a prbblem that often is not caught by the operatirig 
·:{, , p~rs<?nnel. A quick observation of the cooling coil 

· · temj)etatures would lead them to a very quick answer 
to the problem. 

:~, 

i 8. Objectioq11-bi~ noise from the air-handiing umt is being 
transfi=rred:iryto the occupied spaces. : .• 

a. The designer was not properly sensitive to the noise criteria 
'

1
" estabUshed.for the projeet'.11 

b. Thi~ situation should have been caught during the start-up 
phase and/or the testing and balanting work. It is pos­
sible· ihat under a commissioning procedute, this , 

l'.>'l would have been found and corrected. . .-, n 

19, ~her~,-'.3-fe a n~~ber,_of significant discri:pancfes in the test­
···: _ing anr,t,p.~/rµicing report that nev~~.seem t~ get r~solved .. ;, 

a. These shmtld be addressed by th9 A/E and t~F, TAB contrac~.~ 
t9r, a&d additional testing rµid adjusti1'g should be pro- . 

,; : ·.,vid~.di;to detepnine if the Qiscrepancies CJJ,e a result of 
.·,.: 1. 1 design or c;o,nstn,I~;tion. . . u - "'• .. 

b. An unbalanced system will never:perfonn as de,signed. 

20. Th" ~ ~AV boxes sen\ing the conditioned spaces·'were all 
desiiffe-d and· schedti\id to ~r6'vide 27 5 c'tin. The boxes th'at · 
w~~e submitted, approved, and installed were too big. 

·'i .. '\:_ . l . J,.... 
a. The submirtals were not properly review!fd by the A/E. TP.is 

is a eqmrocw mis\ake in thinking that bigger is better. 
• I f' • 

Th.~. sµb.QlJttals should. not have been ~pproved. 
,. I r.. t • I .... , • • -U ' I ' 

b. Jb~. H~rrsizyg .P,oxes . sho~td h~ve been caugpt during ,the · 
t~:;tjng ... and balancirig work, due to their design opera-

. t/on .beingAthe q~,om ·of their capaciW range . 

2 l. ·1i'he"TAB repM noted ithat teBting·and balancing work ·Was 
;i; petf<>rlnedlduri'1g'the heating stas6n and the contractor was 
,_,,1 unable:to·~he~kdtrothe cc:i'olingrnode. The report states that:. 
": 'r.ttie) cooling' mode will be tested and balanced~ during the . 

upcorningfooling season .. :,:. .ii'. •I ·.:J · , , i 
' . 

a. Th'e testing and balant ing of the coeling mode was never 
. provided. Th~fe was no follow-up on the A/E's part or 
'''the conrracto :,s pan to ensure that this work\votild'be 
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' • ' .i '.) . - ,.] · 

accomplished. It appeared that the impprt~nc,e of this 
wo.rk had been forgotten. · · 

b. Th~ .impoft~c7, of th~1 w9rk ~as fmally rer~embered after 
many comfort complaints were registered.by tht:,occu­
pants during the cooling season. 

22. The operating personnel are u~ihg chilled-water tempera­
i · tut'~ reset to control system capacity. (Note that this is in a 

hot, humid Climate.) ' 

a. The 'perso'ri.nel are operating'under an incorrect notior{lofthe 
importance of chilled-water temperature reset Reset-

. · ting the temperature of chilled water upward cari' have 
disastrous consequences with respect to humidity con­
trol and indoor air quality. In a VA V system, raising 
chilled-water temperature also increases the r:equired 
airflow and, therefore, wast~s energy. _ 

23 . The air-handling unit ~ontrols1"are ' direct digital eontrols 
{DDC) and not understcrtld by the operating petsbnriel, who 
have:virtUally no informatiort to heJp them understand the 
system. 

a. The complexity of the controls is beyond the capabilities of 
the operating personnel. This ·situation is made worse 

, by the fa&t thatthere are no operating·. and maintenance 
"-' manuals available to them and they had not received 

proper training. Ibis was a:resnlt of a hasty and inef­
fective start-up f>rocedureco_nducted.by.the contractor. 

· A commissioning procedure would probably,.· have 
been very· effective in providing proper and sufficient 
training . .,, ,,..,, .' ::i · ·- -..,:· 

b. Without an understanding of.the· control systems; the per­
sonnel had no y.;ay of dealing with ope~ational prob­
lems as they were enc,ountered, , As a result, their 

1 . · l 

action_s would often tend to make)\w situation worse, 

'.r
n ot bP._ tter. . · " 

:;-- I /•L' ( 

24. Cooling cap,acity control of the. air"handling unJt is via a 
three-way control yalve at the chilled-water coil. The 
_outside air is introduced, untreated, into the mixing box. 
(Note that this i,s,-in a hot, humid climate.) 

a. The designer did not give proper consideration: to system 
performance at light l()wJS, which may ca~se system 
loss of humidity contrpl .Qµfiing light load cqndit,i.ons. 

25. The static.pressure in the supply air duct has been set too 
high through a lack of understanding of the system by the 
operating personnel. . ·' , , 

a. The high static pressure results -In a waste· of fan'enetgy and, 
by its subse'querir overcoolihg, a waste 'Of cooling 
energy. . _ , 

""\51T l ~ •l! " .-"' ' ( . ' " 
26. The outside air damp~rs have been completely ~losed: The 

exhaust air systems remain in operation. ,,:; ,! ' 

a. This was done by the ·operMfrfg personde1 in:;ine mistaken 
belief that by eliminating the introduction of outside 
air into the systems, they could increase their cooling 
effect in the conditioned spaces;and at"the same time 
reduce heating and cooling energy. In fact, this action 
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placed the building under a severe negative pressure in 
relation to the .;outside air, and large quantities of raw 

, .,L :untreated outside air were infiltrated into the condi­
tioned spaces. This created conditions of high humid­
ity inAhe spaces, which led to mold and mildew 
growth and a big indoor air quality problem. 

27.' .The air-h~~~ling: unit's outside au'._is in excess of d~sign 
· 'r,equiremen~;',' · · 

a. This was done by the operating personnel in the mistaken 
belief that they would 'Cure occupant complaints of 

·.''stuffiness" in the conditioned spaces. In actuality, it 
was found that this situation had~been caused by an 
errpneous setup of the control strategy:· 

b. The additional outside air has overtaxed the cooling coil ' s 
capacit)' and resulted in loss of both temperature and 
humidity control. This has lead to poor indoor air qual­
ity and waste of heating and cooling enetgy. 

'- •,; I 

CONCLUSIONS'' i '' 

Wheq VA V ~,¥,~terns are at their bf;':~t, they provide excel­
lt:nt J~rnperature and humidity control. of the conditioned 
spaces. )Vhen VAY_ systems fail to operate as designed and/or 
intenA¢qJ 1,proper temperature and humidity control of the 
condi.99P:e.d splices is not achieved and the cost of system 
operation may increase to an unacceptable level. ; , ,_ '. 

It appears that VA V systems are susceptible to adverse 
and often violent reactions to one or more failures of the 
following elementS.when putting a new VA Vsystem on-line: 

I . t-: Concept 
: ~..i ~ : ·'I 

2i Design . r 

3. ' l'i1stallation .(1 

. i! 

4. , :Stari:~up and Te~t~ng,, Adjusting, and Balancing 

5. ; Operator Training i I ; 

6. Operation and Maintenance , . 

' It has been found that problems leaaing to· adverse reac­
ti'ons can, in most instances, 'be anticipated ~nd corrected (I) 
throl.lgnacareful an~qysis of the concept and design elements 
as they are formed and implemenred, (2) by careful monitor­
ing of the rrtJt'ahation and start-l!P yttises ~efqre the sy_?te~ is 
tu med over to the building s operating per'soimel, (3) by'care­
ful selectipq. of the oper:<1-ting personnel to ensure they have the 
know lec;lge to properly operate" ~he,.Y AV system, and ( 4) by 
trf}ini~~ - the . operating, personnel to -properly, fllaintain the 
sy~tem,dur]pg -~ts .use. · . -

1 :: nt·isr:eeohimended1that most V AV -systems be designed, 
installed; started; and operated under a .comprehensive 
commissi·oning process. Ex)!>erience has shown that •Careful 
monitoring of all the phases of development and operation will 
ensure that there are minimal problems to plague the building 
owner and the operating personnel once the building is in use. 
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