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FOREWORD

The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States is
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the
SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

e Whole Building Design Guide web site http://dod.wbdg.org/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current.

AUTHORIZED BY:

DONALD L. BASHAM, P.E. -

Chief, Engineering and Construction ChiefEngineer

U.S. Army Corps of Engineers Naval Facilities Engineering Command
KATHLEEN T. FERGUSON; P.H. . Dr.ﬁfw. , P.E.

The Deputy Civil Engineer DireCjor, | llations Requirements and
DCS/Installations & Logistics Management

Department of the Air Force Office of the Deputy Under Secretary of Defense

(Installations and Environment)
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APPENDI X C
DESI GN DO s AND DON Ts FOR VAV SYSTEMS

C-1.00 | nt roducti on

C1.01 Scope and Criteria. This appendix is intended for use
by qualified engineers who are responsi ble for preparation and
review of plans and specifications for construction of VAV, HVAC,
and dehum di fying systens. It conplenents the requirenents of
NAVFACENGCOM and DOD manual s and instructions for the
construction of HVAC systens. The designer is rem nded that
normal construction and nai nt enance probl ens encountered with al
types of HVAC systens are not covered here, but should be fully
considered in the design.

C1.02 Excellent Facilities. The objective of HVAC system
design is to provide excellent places to work and live for Navy
and Marine Corps personnel. The goal is not only to mnimze the
life cycle cost of the facilities, but also to maxi m ze the
performance of the people who use the facilities. VAV systens

of fer enhanced confort by allow ng economcal flexibility in

zoni ng, better tenperature control, better passive humdity
control at part |oad, and greater energy efficiency.

C1.03 | nportance of Design. Navy VAV systens often do not
performas the designer intends. An investigation of the causes
of failure shows that considerable inprovenent in the success of
VAV can be achi eved by special attention to good design
practices. This appendix is intended to provide feedback to
alert the designer to recognize those areas where carefu
attention can prevent deficiencies commonly found in Navy VAV
systens.

a) VAV systens incur problenms for the sanme basic
reasons that other types of air conditioning systenms do. They
are either inproperly designed, constructed, or operated and
mai nt ai ned.

b) Deficiencies in design often result from both
techni cal and practical aspects of the design. |nproper
practical decisions often occur in the following areas: (1) |ack
of consideration of the constructability of the design,

(2) failure to appreciate the inportance of designing systens
that can be operated and mai ntained, and (3) failure to
comuni cate in sufficient detail the design intent and thus

| eavi ng too many decisions to the contractor.

c) Deficiencies in construction, inspection, and
acceptance occur primarily in three areas: (1) the system may
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not be installed as designed, (2) the systemis installed to neet
requi renents of the design and submttals but quality of

wor kmanship is such that the systemw || not function properly,
and (3) although construction m ght be satisfactory in al
respects, acceptance testing is of poor quality and | atent
defects in the systens go undetected.

d) Operation and nmai nt enance deficiencies can occur
frominsufficient or inproper training, the systemreceiving
i nadequat e operating and nmai ntenance attention, and the system
recei ving well neani ng but m sgui ded operation and mai nt enance
attention.

e) A failure in any of these areas can be fatal to the
successful operation of a VAV system

C1.04 System Sinplicity. The nost comon fault of the
majority of designs is that the systens are too conplicated to
work reliably. Sonme systens never work initially, others fai
because Naval operation and nai ntenance personnel do not
understand them sufficiently to keep them worki ng as desi gned.
The chief area of concern is control systens. A designer is

al ways tenpted to add features to inprove performnce and
conserve energy but nust weigh the potential benefits against the
addi tional cost and conplexity. Feedback: On the average,
systens have too nmany features and are too conplex for the needs
of the Navy. The designer should design systens that err toward
sinplicity, at the expense of features, and require m ninum

mai nt enance.

C1.05 Early Coordination. Having experienced nunerous

probl ens on VAV systens, the Navy wi shes to have a high | evel of
i nteraction between the designer and the Engineer in Charge and
will often want to give the designer nore direction than is
normal. To mnimze design changes, it is inportant that there
be good conmmunication. This is particularly true in the early
stages of the design. The designer shall conmunicate his design
intent and the critical concepts of his proposed system
including sinplicity in operation and mai ntenance, at the first
subm ttal opportunity. This will prevent the necessity of
changi ng the concept of the design.

C-1.06 Dry dimtes. Many Naval facilities are located in
hum d climates and so there is a tendency to tailor design

gui dance for humd areas. There are also many Naval facilities
|l ocated in dry and cold climates. The practice associated with
design in these facilities can be considerably different. The
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desi gner nust be careful to fit his design to the area where he
is working. Typical conditions in dry and cold climates are
that: the relative humdity is low, the daily dry bulb range is
hi gh; the outdoor air econom zer is effective (at |east for night
purging); the sensible heat ratio is high and systens are often
designed primarily to handle the sensible load and to let the
roomrelative humdity float as it will. Naval facilities

| ocated in dry and cold climates may require nodifications to the
criteria listed bel ow.

C1.07 Sel ection of Type of Control System Design control
systens as sinple as possible to provide adequate control and

gi ve careful consideration to the foll ow ng when sel ecting the
type of control system

a) Pneumatic Controls. Pneumatic controls sel dom work

consistently well in Naval facilities. Pneumatic controls
require frequent maintenance and calibration at a level that is
not usually perforned by Naval personnel. Pneumatic systens are
prone to fail fromwater or oil in the conpressed air. Many

pneumatic control systens are never set up properly by the
installing contractor. Even hybrid control systens (e.g., DDC
Wi th pneumatic actuators) can have sim /|l ar probl ens because the
el ectric-to-pneunatic transducers have snall passages that are
vul nerable to noisture and oil in the conpressed air. All other
t hi ngs being equal, pneumatic control is not a good choice for
the control system but if operation and nai ntenance personnel
are expert in pneumatic controls, have adequate funds for

mai nt enance, and refuse to use state-of-art systens, pneunatic
systens may be justified.

b) Electric Control. For the sake of sinplicity,
electric VAV termnal unit controls nay be used in conjunction
Wi th pressure dependent (PD) terminal units (refer to
par. C-2.10). This type of zone tenperature control requires
only the sinplest of control sequences and therefore, will be
easi er for Naval operation and nmai ntenance personnel to
understand and maintain. Electric controls for the central
equi pnent (e.g., CHWvalve and control, etc.) are in comobn use
and are suitably rugged, however, nay not be accurate enough for
t he application.

c) Analog Electronic Control. |[|f pressure independent
(PI') terminal units are used, it will be necessary to have
el ectronic controls. Analog electronics usually introduce
additional levels of conplexity whose advant ages can be
out wei ghed by the likelihood that they will not be understood by
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t he operating and mai ntenance personnel. It is recommended that
el ectronic controls be used with as sinple a sequence as
possi bl e.

d DDC. DDCis the state-of-art of control systens
and is in common use throughout the industry. Navy DDC systens
are distributed (have controllers | ocated near the equi pnent
being controlled) and usually include a neans for the operator to
di agnose HVAC operation froma renote |location. A DDC systemis
the system of choice for Naval projects if the facility operating
and mai nt enance personnel are qualified in DDC systens or, at
| east, are willing to take the recomrended training and nmake a
sincere effort to properly use DDC. The designer should not
overdesi gn the DDC system should nake it sinple, and as user
friendly as possible. It is critical that quality DDC sensors be
used which have long term (5 years) stability to mnimze
mai nt enance and cal i bration while providing accurate conditions.
DDC systens may incorporate energy nanagenment strategies in
addition to normal control functions with little or no additional
cost.

C2.00 Do’'s and Don'ts

C2.01 Do not oversize the system Do not add safety factors
in load cal culations. The calculation nmethods al ready have an
adequate safety factor included. Feedback: Many Navy VAV
systens are significantly oversized. This not only costs nore,
but it handicaps the systemin performng the already difficult
task of providing confort under difficult part |oad conditions
comonly seen in hum d, coastal environnments where many Navy
installations are | ocated. Because of the inherent diversity
factor in VAV systens, they are nore "forgiving" of capacity
shortages than are constant vol une systens.

C2.02 Use conputerized | oad cal cul ati ons based on t he ASHRAE
transfer function nethod. The manual use of the total equival ent
tenperature difference/time averagi ng (TETD/ TA) nethod or the
cooling |load tenperature difference/cooling | oad factor

(CLTD/ CLF) nethods are not as accurate and require engi neering

j udgnent which typically | eads to unnecessary conservatism

C-2.03 Design for diversity. Select central air handling
equi pnent and heating/refrigeration systens for "block" | oads.
Spread diversity appropriately through the supply ducts, taking
full diversity at the air handling unit, and | essening diversity
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when noving away fromthe air handling unit toward the VAV
termnal units, until no diversity is taken at the distant VAV
term nal runouts.

C2.04 Desi gn and specify for both peak and part | oad
conditions. Submt design calculations verifying that careful
consi deration has been given to the foll ow ng areas:

a) Consider the psychronetric performance of the
cooling coil (taking into account the nethod of capacity control)
during difficult off peak conditions when the room sensi bl e heat
ratio can be significantly reduced. Select appropriately
difficult off peak conditions for analysis. At a mninum show
how t he systemw || perform when sensible |oad due to solar is
lost while latent | oads remain constant. This is not necessary
in dry climates. The VAV system nmay operate with 100 percent
outside air during warmup or on maxi mum heati ng days.

b) Wien selecting a fan for a VAV system submt
design cal cul ations verifying the system has been anal yzed at the
following three points: (1) nornmal peak |oad (including
diversity), (2) nmaxi mum cooling load (no diversity with VAV box
danpers open), and (3) mninmmcooling load (w th VAV boxes at
the m ninmum flow condition). The supply fan should be
schedul ed/ specified (cfmand pressure) to satisfactorily neet al
three of these operating points. Submt design cal culations and
a typical fan performance curve showi ng all of these points
plotted. A fan should never be selected which will becone
unst abl e or overl oad anywhere on its operating curve.

c) Consider limting the size of VAV air handling
units to 10,000 cfmfor flexibility and ease of mmi ntenance.
Plan for units to serve zones with different exposures to achieve
unit diversity.

d) VAV term nal boxes should be sized with both
maxi mum and mnimumflows in mnd. Schedul es should indicate
cfm neck velocity, pressure drop, and noise criteria at both
maxi mum and mnimumflow (refer to par. C 2.11).

e) For air distribution devices, the mninmum all owabl e
"t hrow' shoul d be schedul ed for both nmaxi rum and m ni num f | ow
condi ti ons.

f) If an outside air injection fan is used to nmaintain
m ni num ventilation, select a fan with a "steep” fan curve which
will maintain a relatively constant flow regardless of m xi ng box
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pressure. This analysis will be simlar to that used for
specifying the supply fan. Know ng the range of total static
pressure expected in normal operation of the supply fan, estinate
t he expected range of m xi ng box pressures. Select the fan to
deliver design mninmumventilation at an average system operati ng
point (typically |less than design peak). Wth this nethod of
selection, the fan will deliver slightly nore than desi gn under
peak flow conditions and slightly |ess than desi gn under m ni num
flow conditions. The fan should be schedul ed/ specified to
satisfactorily neet flow requirenents at each of these three
operating points.

g) Submt detailed conputerized design cal cul ations
(this is nmandated by the static regain nmethod for sizing) which
i ndi cate the anount of diversity used for sizing ductwork and
where the diversity was appli ed.

h) 1t is recormended that the system be designed for 8
to 12 air changes per hour with a mnimmsupply airflow of 4 air
changes per hour.

C2.05 Desi gn supply ductwork using the static regain nethod.
This will require conputerized ductwork design analysis. Design
return ductwork using the equal friction nmethod. The static
regai n nethod keeps the static pressure in the supply system nore
nearly constant throughout. This enhances the inherent control
stability of the system It also greatly assists in naturally
bal anci ng airflow t hrough the system m ni m zi ng any advant age for
using Pl term nal boxes. Using the static regain nmethod requires
that nore attention be given to the design of the duct system but
this is effort well spent.

C2.06 To control humdity and for sinplicity, design for a
constant cooling supply air tenperature. The leaving air
tenperature should be controlled using a chilled water val ve
nodul ated to naintain supply air tenperature as sensed by a

| eaving air sensor. Resetting the supply air tenperature upwards
i ncreases the sensible heat ratio of the coil and | eads to high
space relative humdity and poor indoor air quality. The
potential to save refrigeration energy by raising the cooling
supply air tenperature is nore than offset by the increased fan
energy needed to nove nore air. |In addition, changes in supply
air tenperature can |l ead to condensation on and around diffusers.
Exception: There are cases where, to prevent overcooling at
mnimumflow or to mnimze reheating, resetting the cooling
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supply air tenperature m ght be appropriate. Al so there are
cases in dry climates where it would be permssible to vary
supply air tenperature.

C 2.07 Do not use a return air fan in a VAV system Measuring
and control requirenents for tracking the return air fan wth the
supply air fan are too demanding to work in a Naval VAV system
In nost cases a return fan is unnecessary to return air to the
HVAC unit. |In cases where the pressure drop in the return duct
exceeds the drop for outdoor air, the m xing box may be at a

| ower suction pressure. Select outside air and return danpers
with this in mnd.

C-2.08 Econom zers shoul d be used when significant benefits
can be shown. (Clearly dry or cold clinates are cases where
econoni zers can be effective.) Feedback: Econom zers in Navy
VAV systens fail in a majority of cases due to conpl ex
arrangenents. Keep econoni zer systens sinple and use only
outdoor air dry bulb sensors for changeover. The econom zing
feature can save a | ot of energy in many applications but the
desi gner must confer with the appropriate NAVFACENGCOM EFD or EFA
when using this design.

a) Econom zers should have outdoor air dry bulb type
changeover instead of outdoor air versus return air conparators
or enthal py type changeovers.

b) Econom zers should only be used when the system can
be designed with gravity relief. Return or relief fans should
not be used.

C2.09 Mai ntaining Ventilation Air. In nost systens there are
ci rcunst ances under which satisfying the cooling load will not
adequately ventilate the space. Unless it can be shown that this
Is not the case, the designer shall design a positive neans of

mai ntai ning ventilation rates during mninmumflow conditions, to
mai ntain AQ Select mninmum positions of VAV termnal units to
neet this requirenent. Note: It is inpossible with a VAV system
to absolutely maintain a mninumventilation airflow to any
space. The best that can be done is to nmaintain a constant
ventilation airflow on a per air handling unit basis and
recogni ze that ventilation will be inproved in any zone that is
shorted by m xi ng between roons (especially in zones where

f an- power ed boxes are used) and shorted roons tend to be those
where people and lights are not present, and thus the ventilation
requi renents are | ower anyway. Use ASHRAE Standard 62 to
maxi m ze | AQ
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To maintain a constant outside air quantity being drawn
in and supplied by the AHU, a separate outside air injection fan
or Pl VAV box should be used. Use of an injection fan is
encouraged rather than a Pl VAV box because it is a nore reliable
nmet hod of providing constant ventilation froma sinplicity and
mai ntai nability viewpoint. The designer should be aware that PI
units rarely work properly in Navy installations because of
mai nt enance problens with Pl velocity sensing hardware/controls.
Properly working Pl units, however, would be a nore accurate
means of providing a constant flow throughout a given range of
m Xi ng box pressures. A Pl unit should be considered if the
range of m xi ng box pressures expected is such that it would be
difficult to specify a fan which would deliver acceptable flows
t hroughout the range of pressure.

C2.10 Pressure Dependent (PD) Boxes. The use of PD VAV boxes
rat her than Pl boxes is recormended. Feedback: Pl velocity
resetting controls are often a significant contributor to failure
of Navy VAV systens. Wen determ ning the type of VAV term nal
units to use in a system give careful consideration of the
foll owi ng feedbacks:

a) The nost inportant feature touted for Pl units is
that they respond to fluctuations in system pressure and thus
enhance control stability by reducing "hunting." However, when
the supply duct system has been properly designed for static
regain, there is no clear evidence that the use of Pl units
results in greater zone tenperature control stability than when
using PD units. The transfer functions and time constants in a
typi cal VAV unit control are such that the potential benefits of
velocity resetting are nullified by the disadvantages of the
addi ti onal and conplicated control | oop.

b) PI controls claimto render the whole system
virtual ly self-bal ancing. However, in a systemwth PD controls
and a well designed static regain duct system the VAV danpers
respond to changes in | oad sensed by the thernostat and respond
to balance the air in a simlar way.

c) Maximumand minimumairflowlimting is a feature
that is inherent with PI control units. However, there is some
guestion as to how well the velocity sensors used for this
pur pose actually nmeasure flow (setpoints are at the extrene | ow
end of their range). Sone manufacturers say the velocity | oop
readily drifts out of calibration and nust be auto-calibrated
regularly by using a DDC system The problemis worse at | ower
airflow A differential pressure flowring or flow cross is
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accurate only down to about 400 fpm (which unfortunately m ght be
as high as 33 to 50 percent of maxi mumflow in many cases).

Since desired mnimumflow wll usually be less than this, the
differential pressure Pl is not accurate for controlling m ninmum
flow. The other common nethod uses a hot wi re anenoneter or
simlar device for sensing. This is not very good because the
sensor is a single point in the inlet duct rather than a

mul ti-point device (as used by the flow ring described above).

It would only be accurate for a box that had many di aneters of
strai ght duct upstream (not the usual case). |In addition, the
response tinme is too slow for good Pl control.

d Mninmumflow can be set on PD units by installing
mechani cal stops, by setting the actuator stroke through |inkage
adj ustnments, or by other simlar nmeans. These are
straightforward testing and bal anci ng procedures.

e) Pl costs sonmewhat nore than PD on the average, is
much nore conplicated for mai ntenance personnel, and the
additional control conponents are nore prone to failure.

f) If Pl is used, however, the designer nust be
careful to specify that supply maxi munms and mni nunms are checked
after the equipnment is installed. Factory adjustnents have
proven to not be an adequate guarantee that the installed
equi pnent will function as needed.

C2 11 Carefully consider the throttling characteristics when
selecting the type and size of VAV termnal units. The installed
characteristic curve of a throttling danper expected to nodul ate
supply air to a space, is a function of the inherent
characteristic curve of the device and the ratio of the system
pressure drop to the drop across the danmper at maxi numflow. As
the pressure drop of the danper at maxinmum flow is reduced (by
selecting larger and | arger danpers for a given flowrate--a
practice pronoted by the desire to save fan energy), the
installed characteristic tends to nove across the spectrumtoward
gui ck opening characteristics. The geonetry of butterfly danpers
tends to exaggerate this shift. Wth danpers specially designed
toretain linearity, this shift can be greatly reduced.

a) A shift toward quick opening increases the gain of
the control conmponent, i.e., a smaller part of its stroke is
actually used for control. This is detrinmental to the stability
of the control system The common tendency of sel ecting danpers
with very | ow pressure drops can result in control that is nearly
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"two-position.” It is better to pay sone fan energy penalty and
have a systemthat provides nore stable control. Properly sized
control danpers will be smaller than fan casings and have greater

maxi mum fl ow pressure drops than those usually used.

b) If Pl terminal units are used, sizing becones even
nore critical. Oversizing the boxes to reduce maxi nrum fl ow
pressure drop results in | ow neck velocities, which in turn
create problens for Pl flow neasuring devices. To mnimze
problems with sensing mninmumflows in Pl VAV boxes, size the box

such that at mninmumflow, the neck velocity wll be at |east 500
fpm
C2.12 G ve special attention to linkages (VAV term nal unit

danper, fan inlet guide vanes, and controllable pitch vanes).
Feedback: Problens due to poorly designed/ constructed |inkages
are very common in Naval VAV systens. Either specifically
descri be linkage requirenments (because manufacturers are so
different, this may be difficult for VAV termnal units) or at

| east require detailed shop drawi ngs of |inkages and pay cl ose
attention to them Finally, |inkages should be included in the
specifications as a specific itemto be performance checked
during the acceptance testing of the system

C2.13 Pay close attention to Contractor's responsibility of
coordi nati ng which of his subcontractors provides VAV term na
units/control s/actuators. Feedback: Contractors' |ack of
coordi nation of the VAV termi nal unit and controls often |leads to
probl enms which go undetected. Even though DOD specification
policy recognizes only the Contractor as the single entity, and
not the subcontractors (thus not stating who does what), careful
attention to submttals in this area will avoid rmany probl ens.
To help with this, the VAV boxes, thernostats, and associ ated
equi pnent shoul d be specified as a system and the Contractor be
required to make his submttal for all itens at the sane tine.

C 2. 14 Wi chever of the avail abl e nethods of selecting supply
air outlets is used, consider the full range of flow rates
expected. Recognize the effects of room geonetry on satisfactory
performance (e.g., the Coanda effect depends upon having a fl at
ceiling, without interruptions, etc.).

a) It is recommended that VAV supply diffusers be of
the linear slot type capable of supplying air horizontally al ong
the ceiling utilizing the Coanda effect to provide good air
distribution. 1In cooling only applications, the diffusers should
be located centrally in the space and blowin all directions. 1In
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exterior spaces wth fan-powered boxes, the | ocation depends on
the magni tude of the heating load. |If the heating load is |ess
than 250 Btuh per linear foot of exterior wall (including
infiltration), the diffuser should again be |ocated centrally and
blowin all directions. |If the heating |load is between 250 and
400 Btuh per linear foot of exterior wall, the diffuser should be
| ocated near and parallel to the exterior wall and bl ow

hori zontal |y back into the room

b) Diffusers which have operable internal danpers for
varying airflow should not be used in |ieu of conventional
duct-nounted termnal units in a VAV system design

C2.15 Locate the static pressure sensor, for nodul ating fan
capacity, out in the supply duct system not at the fan

di scharge. Expect sone field adjustnent to be required to find
the best location. |In nmany systens, the first location is
two-thirds the distance fromthe supply fan to the end of the
mai n trunk duct. Sensors shall have proper static sensing

el ement s.

Provi de protection agai nst overpressurization of the
supply duct. This should be acconplished by a high limt duct
static pressure sensor |ocated at the fan discharge. This sensor
should turn off the supply fan if the duct static pressure rises
above setpoint and require nmanual reset of the supply fan.

C2.16 Bal anci ng danpers shoul d not be necessary for VAV
systens. |If the supply ductwork is designed properly using the
static regain nethod (refer to par. C 2.05) and VAV term nal
units are properly sized/selected (refer to par. C2.11) and set
up properly during comm ssioning, the system should be
sufficiently sel f-bal anci ng.

C 2.17 Use round ducts wherever space availability permts.
Round ducts are acoustically superior to rectangular ducts and
normal ly cost less. In high velocity systens, the additional

friction |l osses of duct walls and bal anci ng danpers of
rectangul ar ducts cause the systemto be inherently |ess stable.
Round ducts al so produce | ess noise than rectangul ar ducts.

C2.18 To save construction expense, it is now commopn to serve
ceiling outlets with short runs of flexible duct. Limt the

| ength of flexible duct and avoid bends to mnimze duct friction
drop. Figure these pressure drops, and do not show | onger runs
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on the drawi ngs than you allow in the specifications. Seek
sel f-bal anci ng by having equal |engths of flexible ducts instead
of long and short runs on the sane system

When desi gni ng VAV systens, do not use flex duct
upstream of the term nal VAV box (i.e., between the air handling
unit and the VAV box). Use flex duct only to nake term nal runs
to diffuser boots and Iimt applications to straight runs of no
nore than 5 feet. Hard duct 90 degree el bows should be used to
connect the flex duct to the diffuser boot. Do not use flex duct
for el bows.

C2.19 Many zones in Navy buil dings do not need heating.

These include zones in a building in a cooling only climte or
conpletely interior zones in any clinmate. In these situations, a
recommended control sequence is as follows: the air handling unit
supplies a constant cold tenperature (say 55 degrees F) air.

Each VAV box nodul ates from nmaxi mum position (fully open) to

m ni nrum position (fully closed) through the control range of the
roomthernostat. The justification for allowing full close-off
ininterior zones, in light of 1AQ concerns, is that the people
load plus lights in an interior zone are substantial, usually
anounting to 50 percent of the zone |load or nore. This is true
for perineter zones in a cooling only clinmate also, but to a

| esser extent. So, if people are present, and thus the lights
are on, the load will be above the m ni num anyway. Ther ef or e,
the mninumis not needed. |If the people are gone and the lights
are out, the load may fall bel ow where a ventilation determ ned
limt would cone into play, but since the people are gone, no
ventilation is needed.

C2.20 For zones that need heating, there are two recomrended
situations. For the very cold clinate when the peak heating | oad
on the exterior wall is greater than 400 Btuh per linear foot of

wal |l (including infiltration), a separate skin heating system may
be used consisting of baseboard hot water convectors.

Two- position electric spring-return control val ves should be
installed in each zone. Thus each perineter zone will be served
by a VAV term nal unit for cooling and a correspondi ng section of
hot wat er convector for heating. The zone thernostat should
control both the VAV danper actuator and hot water val ve actuator
in sequence at the cooling and heating setpoint. The VAV danper
shoul d have a mechani cal m nimum position for ventilation air

whi ch woul d be field set during the testing and bal anci ng phase
of installation.
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a) For a mld or noderate heating situation when the
peak heating |oad on the exterior wall is |less than 400 Btuh per
l'inear foot of wall, the follow ng arrangenent is recomended.
Each zone shoul d be served by the series fan-powered VAV box with
a hot water heating coil and overhead supply diffusers. The
t hernost at shoul d nodul ate the VAV danper closed to the
mechanically field set m ninum position at the cooling setpoint.
On the further drop in space tenperature to the heating setpoint,
the hot water valve should open (using a nodulating electric
spring-return actuator) to allow control of heating. An
al ternate arrangenent uses a parallel fan-powered VAV box with
heating coil. The VAV box fan notor should be started when the
VAV danper closes to a supply rate of 4 air changes per hour.

b) Since the use of fan-powered boxes adds several
hundred dol | ars per zone of first cost, the zoned baseboard heat
option (described for very cold climtes) may be consi dered, even
inmld climtes.

c) In perimeter zones there will be a need to setback
the tenperature in many buil di ngs when there is no occupancy.
This is generally acconplished by a night setback thernostat
whi ch can bring the heating systemback on line to maintain the
set back tenperature.

C2 21 In perinmeter zones with a VAV cooling systemand a
separate perinmeter heating system design controls so that
occupants cannot adjust thernostats for sinultaneous heating and
cooling. This can be done by using a thernostat with cooling and
heati ng setpoints integrated so that ranges of possible

adj ust rent do not overl ap.

C 2.22 Systens that are to be shut down or setback during
unoccupi ed periods can present special problenms. The greatest

load will occur during start-up. The supply air or coil shall be
capabl e of bringing the tenperature back to design in a
reasonable time without ill effects. For instance, the designer

must be careful that the tenperature of supply air during
start-up is not too far below the room dew point tenperature to
prevent condensation on diffusers.

Specify a nmethod for building warmup after setback.
Many systens contain totally interior zones that have been
desi gned wi thout heat. The space, after setback over a weekend,
can require an unacceptably long period of tine to come up to
tenperature. This warm up sequence coul d be acconplished by
using a mcroprocessor-based thernostat with a built-in automatic
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changeover. The warmup cycle would be as follows: in the
norning the air handling unit is turned on (typically by the sane
device that turned the unit off for setback). A central hot
water coil in the AHU is activated, and the thernostats are
signaled to warmup action. During the warmup the interior zone
thernostats thus open up the air danpers to warmup the space to
the thernpostat setpoint. After the warmup period, the
thernostats are signaled to return to normal action for cooling
and the AHU hot water coil is deactivated.

C2.23 The desi gner should be aware that pneumatic danper
actuators provided are often inadequately sized and are not
capabl e of performng their specified duty. Paying speci al
attention to submttals in this area or specifying pilot
positioners could help avoid nany probl ens.

C 2. .24 Note that use of air troffer lighting return may reduce
design air volunme to an undesirable |ow air distribution |evel
(in non-fan-powered systens).

C2.25 Modul ate the capacity of the supply fan, giving
attention to the nethod chosen. Be aware that all of the
avai | abl e net hods, including variable speed, inlet guide vanes,
controllable pitch vane axial, and even di scharge danpers, have
probl ens in Navy VAV systens. Feedback: Inlet guide vanes are
often found to be inoperable due to poor maintenance. They are
not the trouble-free devices that the designers think they are.
It is recommended that supply air fans under 10 horsepower be
forward curved fans with inlet guide vanes. Supply fans | arger
t han 10 horsepower shoul d be equi pped with a variable frequency
drive (VFD). Wen designing a systemwith a VFD, the foll ow ng
gui des may be of help.

C-3.00 Sequence of Operation. For suggested sequence of
operations, refer to par. 8.5.

C-4.00 Syst em Conmi ssi oni hg. For reconmended conmi ssi oni ng
procedures, refer to pars. 8.6 and 8.6.7 which specifically
address VAV systens.

C4.01 peration and Miintenance Personnel Training. It is
suggested that training sessions of operation and mai ntenance
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