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ABSTRACT

When variable-air-volume (VAV) systems work right, they
provideexcellent 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 operatedunder 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 (VAV) 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 VAV 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 of VAV systems is
often compromised by flawed conception, faulty design,
defective installation, poor start-up, inaccurate operation, and
inadequate maintenance. When VAV 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 VAV
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 of not only VAV 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.

1. Owner’s criteria for space temperature and relative humid-
ity conditions.

2. Local weather conditions that the building will experience.
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Building materials to be incorporated into the cpnstructlon
of the building, including color and insulation values.

w

4. Building orientation on the site and layout of .occupied

spaces, windows and exterior doorways. "

5. Occupant densrty and activity planned for each spaqe
6. Lighting and internal heat-producing laads, etc.;.planned
for each space. .y 1

7. Time-of-day, day-of-week,. and seasonal schedules ©f
occupancy plus on-off schedules of llohtmo and internal
heat-producing loads.

‘During the design phase of VAV systems, the designer
must provide sufficient quantities of conditioned dutside airto
all occupied spaces to comply with the indoor-air quality
(IAQ) requirements of ASHRAE Standard 62. The designer
must also provideisufficient quantities of conditioped outside

air to 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 ;ur requrred to
satisfy the TAQ requirements of the building. g

The introduction of outside air quantities to each condi-
ticned space must remain constant throughout the’' minimum-
to-maximum range of variable supply air délivercd to the
conditioned spaces. The outside air must also be provided in
quantities sufficient to keep the-building under a positive air
pressure in relation to the outside environment;. This is to
ensure that infiltration of untreated outside air is kept to a
minimum. Currently,: premium designs of VAV systems
employ mechanical injection via a dedicated:outside air fan.
This strategy prov1des a controlled quantity of outside air that
mixes w1th the variable retum air entering the alr-handlmo
unit. (Note that in hot and humid climates, this outside air may

be precooled and dehumidified before it.is thixed with the -

return air as an added measure to control relative humidity
levels in the conditioned spaées). This provides the constant
volume of outside air required to satisfy the needs of 1AQ,
exhaust systems, and building pressurization during ocoupied
and unoccupjed modes. It has been.found that complicated,
and- often badly designed, comrol strategies that manipulate
dampers to mix outside air with retumarr farl to accomphsh a
dependable constant volume of outside air into the air-
hanzling unit’s intake. ' .y ‘
Various strategies are employed for conitrol of the supply
air delivered to 'the vanable-alr-volume temtlnals These

include, but are not limited to, modiilated flow of chilled water

through thé ‘cooling coil, constant flow of ‘chilled water
through the cooling coil (“wild coil*) coupled with face and
bypass control, direct expansian coils that are kept constantly
cold:by specialized “bypass’: control.¥alves,; and the use of
ecortomizer air when available. The:correct strategy mmgt be
selected by thedesigner after careful Consideration of jts abil-
ity to deliver dependable and controllable conditioned air.
Itis extremely important that all return air and outside air
be cleaned by high-efficiency air ﬂlters before passing

through the heating and cooling coils and then being delivered

to the conditioned spaces. This is not only to protect the coils
from accumulation of debris but to assure burldmo occupants
of working in an environment condrtroned by clean, healthy
air. To ensure compllance with ASHRAE Standard 62, many
designers now select filters having a minimum efficiency of
60% to 65% (bdsed on ASHRAE Standard 52-76) as the
primary air-cleaning’ method employed ‘in the air-handling
unit. It is normal practice to rédude‘the téplacement interval
and expense of these filters by' protecting them with a rela-
tively economical prefilter section. o) k&

A VAV system, by design, delivers'conditioned supply
air to the spaces ifi quantities that vary as requiréd to satisfy the
space temperature setting. In order to’ prevent Spece relative
humidity from exceeding the normaldesign conditions of 50%
to 60%, the supply air temperature delivered & the condi-
tioned spaces should be maintained at approximately 55°F
without reset. This:ignormal when gperating in hot and humid
climates. In a ¢limate;that is not hot,and humpid, reset of the
supply air temperature, up to 60°F, may be considered with the
understanding that a higher supply air temperature diminishes
the ability to remave moisture from the ﬁnnnlv air before it is

dellvered to the condmoned spaces. -

Dellvermg a varlable volume of supply air to the condi-
tloned spaces does have some drawbacks. Durmg the early
days 'of desicmnﬂ variable air systems, the aircontrol terminal
boxes were allowed to go to full shut-off. Although this was
an effective way td' reduce space cooling effect to"zero, -it
caused the space’ ocupants to suffer from stagnant air condi-
tlons and it became apparent that Standard 62 minimum venti-
lation'alr reqd1rements were not béing met. This has led to the
current de$ign ‘consideration of limiting thé supply air to a
prédetermihed mininitiin'ventilation air quantity that complies
with Standard 62. Although this air quantity satisfies the mini-
mum ventilation'air requirement of the conditioned spaces, it
also leads to overcooling the spaces due to the continuous
delivery of air at a temperature of approximately 55°F. Thus,
it has begome necessary to reheat the air ta.a temperature that
negates the cooling effect of the supply air and, in addition, to
provide additional heating, of the conditioned spaces as
required to satisfy space heating {gmperature settings. Reheat,
of course, g only provided to a reduced volume of supply air
and is not utilized to heat the maximum air requjred for full
cooling effect..Some exceptions gxist, such as spaces that
require maximum:air delivery at all,trmes

Normally, supply .air is delivered to spaces in a range
between 0.8 and«1:5 cfm/ft2 of conditioned space: This quan-
Lity Hag been foundto be acceptable by most space occupants,
being perceived as above stagnation conditions.and below
drafty conditions. Spme exceptions will require a higher air
delivery, but it is normally not advisable to proyide ventilation
air that is be]ow the minimum quantrty stated above. It is of
prlme lmponance that conditioned air be introdu¢éd intothe
occupied spaées wntf;out causing a feeling of stagnation,
dumping cold air dlrectly onto the occupants or causing drafty
conditions.
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Current state-of-the-art VAV 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 remote workstation
manned by an operator. From this station,, the operator can
address each DDC panel to access current temperatures and
relative humidity values of the conditioned spaces and the
various air-handling units and central heating and coeling
plants that serve the total HVAC system. The DDC control
system:. has been found to provide accurater;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 allow for reviewing a history of
zone conditions and system operations and predicting length
of intervals between routine maintenance requirements.

Building owners are becoming more receptive to provid-
ing full or partial commissioning of the mechanical systems
before taking occupancy of their buildings: They perceive a
positive benefit in the use of the commissioning process to
ensure full system opération 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 components. The
owner and the design team have both found that the best assur-
ance of systemtoperational suceess is when design, installa-
tion,>and start:up procedures -are performed under the
verification of a total project commissioning program.

No matter how successfully the design, installation, and
start-up phases are performed, the end results can be
completely ruined if the systems are not operated cerrectly or
maintained and serviced under a preventive maintenance
program. It is of prime importance that the oﬁerating person-
nel receive proper and sufficient training 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 have sufficient ability and knowledge to compre-
hend the training sessions and be able to inijtiate and support
the preventive maintenance program req;rlred for the systems.

WHEN VAV SYSTEMS ARE AT THEIR WORST,
WHAT MAKES THEM SO BAD? C

VAV systems fail to'perform for the same general réasons
that other HVAC systems fail. In addition'they hiave been
found to be mote sensitive than other systems. Any brie of the
failures listed below will cause a VAV system td underper-
form and create uncomfortable and/or undesirable-conditions
for the building occupants. If the system suffers from two or
more of the following rhissteps, then it is very unlikely that the
building occupants will ever be satisfied with their-working
environment. i
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VAV Systems Are Improperly Designed

L.

(93]

The owner’s intent was not known. Many times owners do
Y

_ not clearly convey to the designer what they expect to
" receive when the building and its mechanical systems are
" turned over to them.

) (5
/The owner’s intent was 1gnored by the designer, who may
not have been convmced that the owner was smcere in
conveying his/her intent and expectatlons

1Hr

The data used in heating/coaling. Joad calculatrons were
erroneous or the method of calculation was not performed
correctly. This results in systems that are undersized or
oversized and, in either case, unable to maintain comfort in
the conditioned spaces.

“Equipment and system components are improperly
selected or configured, and the conditioned spaces do not

- Teceive the correct temperature or volume of ventilation air.
. This may occur when the owner decides to utilize 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-operate the, mechanical equipment, which results
in uneven and erratic control of the conditioned spaces.
Many times contrel systems, and their strategy, are not

. clearly and thoroughly described. The contractor is then left

iwith :the problem: of determining how the various control
sequences:are tg be attained. This leads to miscommunica-
tion and misapplication of controls and dooms the system’s
ability toproperly condition the spaces!

VAV systems ‘are often designed to be more complex than
their competing alternatives. It has been found that with
additional cdihplexity and elements, there is a greater
chance of making a mistake in design, construction, and
operation. Incréased complexity results ift systems that are
more sensitive to errofs because there are more things that

- must work if the systems are to function properly. If there
are more things that must work, ‘then there is a greater
chance they will fail. -,

The designer does not comsider the 'operator’s problems in
operatino and malntammo the'systems once they are even-
tually placed-into service. Many times the designer will
ignore access ‘requirements:for service and maintenance as
recommended by the equipment :manufacturers. «If the

, designer adds more complexity to the, system, the more
;. difficult will be its operation and mamtenance

VAV Systems Are Poorly Constructed

1.

2.

]

The contractor, does not mstall equlpment and system

. components m accordance w1th the construction docu-

ments

The contractor substltutes equipment and/or materials that
do not_have the quality and features required to meet the



design intent. This must be controlled by the A/E’s careful
review of all submittals. ‘

VAV Systems Are Not Properly Staned Adjusted
and Balanced -

1. The ‘equipment start-up and checkdut procédures' are
“incomplete ‘and nrany control functions are tiot verified.
This creates the possibility that equipment 4nd Systems will
not-respond correctly when critical control sequences must
- ‘occur. This generally happens when systems go through
mode charges:such as outside air control during econo-
' mizér modulation or. when air-handling wnits require
temperature and air volume reset. Many times the systems
are placed into operation without verification that control
strategies operate in accordance with the design intent. The
vlack of a thorough. commissioning:procedure during this
phase will invariably lead to poor system performance after

t building occupancy occurs. o

VAV Systems:Are NQt Properly Operated and/or
Maintained ey 5

1. The operating personnél do not receive proper and suffi-
cient ttaining in the operation and maintenance of the
systems. . ! L L

2. The operating personnel do not have su'ft‘r;cien'tis‘kills and
knowledge to comprehend the complex1ty of the systems
'they must care for. 1 5 ; :

(93]

The operating personnel do not pursue an active program in
preventive maintenance of the systefis. As & result;
frequent breakdowns and poor control of the’ condmoned
spaces are incurred. £ ;

4. The system may Teceive well meamn_c but mlsou1dé‘d oper-
ation and maintenance attention. In this case, the operating
personnel respond to what they perceive to beisystem prob-
lems with what they believe to be cures. Thése might, in
fact, be incorrect’and lead to many more problems. A lack
of technical knowledge and troubleshooting guidance

" could lead to this result. ‘

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

Dry-Bulb Temperature Is Not Mamtamed

The system fails to keep the space clry~bulb temperalure
in the range necessary for occupant comfort. This can mean
that the temperature of the complete space, or part of the space,
will be outside the acceptable range all or part ot the time. It

could also mean that’ although the tefiperatire stays within an -

acceptable range; it chanoes rapidly enough to-be not1ced by
occupants and cause a pel‘ceptron of dlscomfbrt et

T

Humidity Is Not Maintained - - . o' o

The system fails to maintain space l)umldlty ‘within
acceptable limits. As with dry- -bulb temperature, this may only

t

occur part of the time (i.e., under certain loading conditions).
Poor humidity control can have another, and previously
unforeseen, consequence. It can promote the growth of mold,
mildew, and other living oroamsms that lead to poor indoor air

quallty 2

Alr MOtan Is Objectlonable

The system may fail by causing either too' much air
motien, causing occupants to experience drafts, or too little
motion, caudsing dccupants to:experience the feeling of stag-
nation. At low airflow, the -system may exhibit “dumping”
from misapplied supply air devices.

Noise Variances Are Objectionable

Althou0h otten closely associated with air motion, noise
must be con31dered separately. ObJectlonable noise can occur
even when air motion is acceptable. Either oeneral sound
levels or chanoes in sound levels, can be objectionable to the
occupants.

Indoor Air Quality Is Not Acceptable

The system'may fail to keep room air sufficiently “clean.”
This can happen in several different ways. The total quantity
of ventilation air brought into the air-handling unit may, under
some-loading conditions, be ;inadequate. Although the total
quantity of ventilation airsis acceptable, the ventilation air
delivered to a specific space may be inadequate at some loads.
In addmon if each space receives its required ventilation air
quanuty, the effective ventilation may be less due to poor air
mixing and sht‘.irt-clrcmtlnﬂr The designer may have selected
an air filter system having insufficient etfuency to clean the
conditioned air to a suitable level, or the operatm0 personnel
may replace acceptable air filters with those having less effi--
ciency. Finally, airflow variations can also cause filters to
work less efficiently i in cleaning up rec1rculated air. The end
result of all these failures is the same: indoor air contains
pollutants at levels of concentration ‘above that which is
conducive to occupant health and comfort.

High._.Operatirlg Cost Is Experienced

The final failure is the only one that has nothing to do with
ocoupant 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-
nance cgst-The defect that leads to this condition may have its
origin in any or al] phases of design, construction, or, opera-
tion/majntenance, - ., SaREn T g

WHEN VAV SYSTEMS ARE AT THEIR WORST,
WHAT HAS BEEN OBSERVED?

VAV systems are expected to prov1de occupants with a
comfortable and healthy enyironment. Owners expect them to
prov1de dependable operation and low energy consumption.
Unfortunately, after start-up, many VAV systems flounder
and cause dissatisfaction and problems for all parties, includ-
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ing the owner, design team, contractors, occupants, and oper-
ators.

When dissatisfaction and problems are addressed it is,
often found that they stem from negligence on the part of one
or more ofthe above parties. The following observations were

i

made during visits to buildings in response to occuparit. ot "

owner complamts e I

1. Most of the VAV boxes would not move in, responsg. to;:
their thermostats. Their linkages were such that they tended
to bind when the actuator stroked. The'linkages had been
field-modified to provide a minimum of 25% airflow. -

»

2. The design specified that the supply fan’s inlet gujde vanes
be controlled by a static pressure sensor located two-thirds
of the distance from the supply fan to the end of the longest
supply air duct run. A high air pressure limit was specified
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. .

SR e ” :
a:- This variance had not been picked up during the system’s
start-up phase.

b. Previous routine maintenance did not dlscover th1s prqblem

(9%

Sonfie of the control systems were totally inoperable..: '

a. The designer did'not heed the requirement for applymg the
' “KISS” procedure in the interest of ensuring construc-
tability and maintainability. The problem was further
compounded by a vague sequence of control descrip-

tion in the temperature control spemﬁcatlons
b. The operatmo personnel had very little understandmo of
how the system was supposed to work. When the con-
_trol systems became moperatwe they were unable to

by dtagnose the problem and make corrective adjust-'

" ments and repairs,

4. The supply air fan and return air fan-were designed to be:
controlled by the same supply air static pressure sensor. The

economizer modulation works totally on thebasis of thi¥ed

air temperature.,

a. It has been proved (by painful experience) many tines.that

Previous routine mamtenance did not discover, this problem.
3 P g

The air-Bandling unit controls are unneeéssarily complex. -

ey

i the return air fan must be controlled separately from

the supply air fan.© : Wk s

b. Siiccessfiil control of the economizer System- depénds ‘on a:-

combination of inputs from varieus sbutces, including,
but not necessarily limited to, the supply air tempera-

ture, OutSlde air temperature and retllm air tem era'
ture %Ay v'c"'."' e Y \‘*w T RET

5. The original design
changeover “for the economizer system The chanoeover
* point was errati¢ and bécame” fionfinctional aftér a shor‘t
'perlod of operation.

a. There is general industrywide agreement that enthalpy
changeovers tend to be high-maintenance items that

BN-97-13-2
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spemﬁed an enthalpy—based

B

require fréquent calibration and, many times, do not
function as intended.

b. Failure of the economizer can sometimes go undetected for
a long length of time and lead to higher utility gosts.

- The statjc pressure controls on the supply air fan have been
dlsconnected The control on, the Jeturn air fan remains
connected and operable.

a. This apparently was done: w1th1n the system’s ﬁrst year of

»;operation due to' problems from:association ‘of the
..+~ operation off VAV boxes with :“pressure-dependent”

- i .control systems. This was a well-meaning, but mis-
cuided, attempt at solving the prablems.:The- “repair”
led to high static pressure at the inlet to the VAV
boxes:and resultant air noise when the boxes throttled
in. dccordance with thelr\ space» temperature control

oiosystems. 3
b. The continued control of the return air fan resulted in
uncontrolled differential pressure of the conditioned
%Paces in Teldtion to thé eutside ait ‘Plessure. This led
to infiltration of untreated outside air, high space
_ humidity, and poor indoor air quality.

7. The belts areimissing:on the return air fan. The fan is:free-
wheeling in the airstream. According to the operating
.personnel, this situation has existed for a long period of
t1me

“o S HE w s i
a. This is an obvious lack of a preventive maintenance pro-
. . gram. o :
b. An a,nalysrs of th;s event may lead to the conclusron that the
or, . SYstem does not require a return air fan,
8. The perimeter baseboard heat is controlled by separate ther-
mgstats. The temperature settings of these often overlap the
temperat'ure setttnos of their respectlve VAV boxes.

a. Normal practice is to control both components from the
same thermostat in a sequence that prevents simulta-
neous operation of heating and cooling. .

b. When the heating component is -operated unnecessarlly,
there is waste and higher utility costs of both heating
and cooling energy.

9. The filters areF\'?ery dirty; some have collapsed._

a. This is an obvious lack of a preventive maintenance pro-
gram. ; A
b. Thrs wrll lead to higher utility costs. '
10. 'The system has .2 number of long runs of flexible duct. ‘
, Numerous air leaks were found in the flexible ducts andii
M thelr related duct ﬁmnos l ;

.....

ot du_cts upstream of, and gonnected to, the inlet connec-
tion of the VAV boxes. This will prevent unantici-
pated extra air pressure drops.

b. Acceptable design practice is to limit the length. of flexible
ducts connected to supply air devices to a maximum of
six feet. Thls will prevent unantrclpated extra air pres-
“sure drops.



c. A commlss1omn0 procedure may have cauOht th1s durm0
the des1°n or start-up phase .
d. The duct leaks should havé been drscovered during the test-
‘J‘ ing and balancmc work prior to owner accepf '

11. The system is significantly oversnzed (a ,rev1sed coolmo

load analysis indicated an excess cooling capacity ahove

50%). The system was, 9hsqrved to be operatm0 at the
bottom range of its.designed air.volume delivery.

a. This is a problem caused by the designer by using faulty
~ data in, galculating the cooling loads, making bad
~ assymptigns -about system requirements, or botching

the cooling, load calculations.

b. Operating an.oversized system can lead to h10h humidity in
the spaces and, consequently, produce poor indoor air
quality. b 7

12 Not onlyhas the dir-haridling unit been’ sned without using
" diversity corréction, but its scheduled airflow exceeds'the
total maximutn scheduled output of its respective VAV
boxes. J# o Ty

a. This is an obviolis design errot. "

13. The VAV boxes were orromally desrvned to go to complete
shut-off. ' A

a. The. deslcner lgnored the need fm venul,anon gur durﬁw
. perieds of low coolmo loads
b. Even“thouoh the sensible coo]mg load rpay be sansf ed a
latent cooling load may still emst Thusr a loss of space
humidity control will probably oceur and the ‘occu-
pants wi]l experience a. cool and clammy equronrpem
c. A shut-off of ventilation air to the space WIll  exppse the
occupants to a condition of air stag,natlon (poor mdoor

air quality).
14. The inlet guide vanes.of the supply air fan had a broken

linkage. -1t 7 O SEath

a. The linl(aoe was provided by the contractor. The: lifikage:

was undersized for the load imposed on it by: 'thé’ffan s |

inlet guide vanes. i
b. The inadequate linkage assembly' was ‘accépted by:the’ JA/E

observer during consttiiction. it

c. The linkage broke soon aftér the fan was placed itito opera-
tloh. This was not discovered by thie operating person-
nel due to-thé”lack of an organiZed * preventive

maintenance program. The personnel also failed to*

identify the problem even though g severe “hunting”
condition was encountered in,the pfessure of the sup-
-ply ain:distribution system .and numerous occupant

comfort cotplaints were registered. .-+ .- sy

15. Almost’ail'the VAV boxes wére mhlﬁmctromno due itgr

]

incorrect space temperature séttings. © o7 B

a. Temperature semngs should have been verlf‘ ed durmg the
system start-up phase. It is possrble that under 4 com-"
missioning procedure, this wou[d have been corrected
as a standard checkout of the therrostats and/or DDC
control panels.

b. Incorrect tempera‘t‘ure settings will guarantee that the system
will not provide occupant comfort.

16. An au—handlmg unit was found with an open access door on
its mixed air section. The mechanical equ1pment room is
usedfor 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

i paint and chemicals jhithe mechanical room. This is a

bad practice and should be avoided. Any chemigal

»  [umes drawn inlo the air-handling unit could present

serlous health and safety conditions in the conditioned
spaces.

17. The cooling piant is in need-of repair. The occupants have
registered.complaints of the spaces being:too hot. )

a. This is a prhblem that often is not caught by the operatmo

# personnel A quick observation of the cooling coil

+1
terfiperatures would lead them to a very quick answer
to the problem :

18. UbJectlonable noise trom the air-handiing umit is being
transferred. into the occupied spaces.

a. The desigrier was not properly sensitive to the noise cmerla
'+ established.for the project:!

b. This situation should have been caught during; the start-up
phase and/or the testing and balan¢ing work. It is pos-
sible " that “under a commissioning procedure, this

1%} would have been found and corrected. N

19. lThere are a number of significant dlscrepanmes in the test-

mﬂ and balancing réport that nevel; seem to get resolved

a. These should be addressed by the A/E and thp TAB contrslc:—1
tor, and additional testing and adjusting should be pro- .
;videdito determine if the ¢iscrepancies are a result of

.. i design or construgtion. ;-
b. An unbalanced system will never: perform as designed.

20. Thé'VAV boxes serving the conditioned spaces were all
des:gnéd and scheduled to provide 275 ¢fm. The boxes that -
were submmed approved and installed were too big.

a. The submittals were not properly reviewed by the A/E. ThlS
is a common mistake in thinking that bigger is better.
© The, submgttals should not have been approved
b. The pvemlzeq boxes should have been caught durmn the
testing and balancing work due to their desngn opera-
tion bem\., at.the bottom of their capacnp( ranoe

2}. The TAB report notedihat testing-and balancing work-was-
i1 performed.duritig the heating season and the contractor was
= ynabletocheck sutthe cooling mode. The report states that..
* ‘théicbdling mode will be tested and balanced: during the -

upcommd ¢ooling season.. i it + ! e

a. The testing and balancmo of the cooling mode was never
. provided. There was no follow-up on the A/E’s part or
“'the contractor’s part to ensure that this work’wotild'be
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Ve i P S
accomplished. It appeared that the 1mportance of this
, work had been forgotten.
b. The importance of the work was finally remembered after
many comfort complamts were registered by the occu-
pants during the cooling season.

22. The operating personnel aré usmo chilled-water tempera-
" turd reset to control system capacity. (Note that thrs isina
hot, humid climate.) '

a. The personnel are opérating’under an incorrect notion 'of the
importance of chilled-Water temperature resét. Reset-
ting the temperature of chilled water upward can'have
disastrous consequences with:respect to humidity con-
trol and indoor air quality. In a VAV system, raising
chilled-water temperature also increases the required
airflow and, therefore, wastes energy.

23. ‘The air-handling unit control$' aredirect digital ¢ontrols
{DDC) and not underst6&d by the operdting péssonnel, who
have:virtually no mformatlon to he}p them undefstand the
system. A

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

-by the fact that there are no operating:and maintenance

.~ manuals available to them and they had not: received

.+ proper training. Thiswas a‘result of a hasty and inef-

. fective start-up procedure ‘conducted.by.the contractor.
/A commissioning procedure. wiould probably- have

been very- effective in providing proper and sufﬁciem

training & g O i, R QN

b. Wlthout an understanding ofithe: control systems; the per-
= sonnel had no way of dealing with operational prob-
; lems as they were encountered, As a result, their
actions would often tend to make the situation worse,

ot better

17 L' {

24, Coolmg capacity control of the air-handling unjt is via a
three-way control valve at the chilled-water coil. The
~outside air is introduced, untreated, into the mixing box.
(Note that this is in a hot, humid climate.)

a. The designer did not give proper consideration:to system
performance at light loads, which may cause system
loss of humidity control during light load conditions.

25. The static pressure in the supply air duct has been set too
high through a lack of understanding of the systam by the
operating personnel. . T )

a. The high static pféssure resultsin a wa_‘sie of fan“energy and,

by its subsequent overcooliig, a Waste 0f cooling

energ
gy. . ste 2 \p

RENR
26. The outside air dampers have been completely closed The
exhatfst air systéms remain in operation. - R

a. This was done bv the operaflr{g persormel in the mlstaken
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 theioutside air, and large quantities of raw
“~iiuntreated outside air were infiltrated into the condi-
tioned spaces. This created conditions of high humid-
~ ity inwthe spaces, which led to mold and mildew
growth and a big indoor air quality problem.

27 The au—handllno linit’s outside air s in excess of desg}
' requlrements '

a. This was done by the operatmo personnel in the mistaken
belief thdt they would -cure occupant complaints of
“stuffiness” in the conditioned spaces. In actuality, it
was found ‘that this situation had.been caused by an

*erroneous setup of the control strategy:-

b. The additidnal outside air has overtaxed the cooling coil’s
capacity 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 energy.

v 4 ¥ ¥ !

CONC‘LUSIONS’

When VAV systems are at their best, they provide excel-
lent vtemp‘erature and humidity control. of the conditioned
spaces. When VAV systems fail to operate as designed and/or
intended,, proper temperature and humidity control of the
conditipned spaces is not achieved and the cost of system
operation may increase to an unacceptable level. .

It appears that VAV systems are susceptlble to adverse
and often violent reactions to one or more failures of the
following elements when putting a new VAV.system on-line:
1. Concept E )

1y AT

2, Desrgn - o

Installatlon ! " S o o
! v

4. aStart-up and Tes‘tmg9 Adjustmg, and Balancing
5 Operator Training ™ ] i
6. Operation and Mamtenance

11t has been found that problems leading to adverse reac-
tions can, in most instances, be anticipated and corrected (1)
through a careful andlysis of the concept and design elements
as they are formed and implemented, (2) by careful monitor-
ing of the instaflation and start-up phases before the system is
turned over to the building’s operating personnel 3) by care-
ful selectipn of the operating personne] to ensure they have the
knowledge to properly operate the.VAV system, and (4) by
training, the operating. personnel to proper]y maintain the
system during its use. i

.. 1It is reeommended-that most VAV systems be designed,
mstalled.,. started; and operated under a .comprehensive
commissioning process. Experience 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 personne] once the building is in use.



ACKNOWLEDGMENTS

Special thanks to Ronald B. Bailey, Bailey Engineering
of Palm Beach Gardens, Florida, for input on VAV systems
that operate in hot and humid climates.

BIBLIOGRAPHY

ASHRAE. 1989, ANSI/ASHRAE Standard 62-1989, Ventila-
tion for acceptable indoor air quality. Atlanta: Ameri-
can Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc.

Wendes, H.C. 1991. Variable air volume manual.
Engineering Sciences Inc. 1989. Engineering investigation
of variable air volume systems for the Navy. Feb.

BN-97-13.2



