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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 I. 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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CHAPTER 1
INTRODUCTION
1-1 PURPOSE AND SCOPE. This UFC is comprised of two sections.

Chapter 1 introduces this UFC. Appendix A contains the full text copy of the previously
released Military Handbook (MIL-HDBK) 1003/3. This UFC serves as criteria until such
time as the full text UFC is developed from the MIL-HDBK and other sources.

This UFC provides general criteria for the design of passive solar
buildings.

1-2 APPLICABILITY. This UFC applies to all Navy service elements and
Navy contractors.

1-2.1 General Building Requirements. All DoD facilities must comply with
UFC 1-200-01, Design: General Building Requirements. If any conflict occurs between
this UFC and UFC 1-200-01, the requirements of UFC 1-200-01 take precedence.

1-2.2 Safety. All DoD facilities must comply with DODINST 6055.1 and
applicable Occupational Safety and Health Administration (OSHA) safety and health
standards.

NOTE: All NAVY projects, must comply with OPNAVINST 5100.23 (series), Navy
Occupational Safety and Health Program Manual. The most recent publication in this
series can be accessed at the NAVFAC Safety web site:
www.navfac.navy.mil/safety/pub.htm. If any conflict occurs between this UFC and
OPNAVINST 5100.23, the requirements of OPNAVINST 5100.23 take precedence.

1-2.3 Fire Protection. All DoD facilities must comply with UFC 3-600-01,
Design: Fire Protection Engineering for Facilities. If any conflict occurs between this
UFC and UFC 3-600-01, the requirements of UFC 3-600-01 take precedence.

1-2.4 Antiterrorism/Force Protection. All DoD facilities must comply with
UFC 4-010-01, Design: DoD Minimum Antiterrorism Standards for Buildings. If any
conflict occurs between this UFC and UFC 4-010-01, the requirements of UFC 4-010-01
take precedence.

1-2.5 Humid Area HVAC Design. Navy facilities must comply with the
requirements in ITG FY05-2, NAVFAC Humid Area HVAC Design Criteria.

1-3 REFERENCES.

e UFC 1-200-01, Design: General Building Requirements, available at the
DOD web page: http://dod.wbdg.org/.

e UFC 3-600-01, Design: Fire Protection Engineering for Facilities available
at the DOD web page: http://dod.wbdg.org/.
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UFC 4-010-01, Design: DoD Minimum Antiterrorism Standards for
Buildings available at the DOD web page: http://dod.wbdg.org/.

Interim Technical Guidance (ITG) FY05-2, NAVFAC Humid Area HVAC
Design Criteria available at the DOD web page: http://dod.wbdg.org/.
DODINST 6055.1 available from the DoD Directives website at
http://www.dtic.mil/whs/directives.

OPNAVINST 5100.23 Navy Occupational Safety and Health Manual
available from the Navy Electronic Directives System at
http://neds.daps.dla.mil/.
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ABSTRACT

Thi s handbook is for the use of design and construction of Naval
Facilities heating, ventilating, air conditioning, and
dehum di fyi ng systens.



FOREWORD

Thi s handbook is one of a series developed for instruction on the
preparation of Navy facilities engineering and design criteria
docunents. This handbook uses, to the maxi num extent feasible,
national and institute standards in accordance wth Naval
Facilities Engi neering Command ( NAVFACENGCOM) policy. Do not
deviate fromthis handbook for NAVFACENGCOM criteria w thout
prior approval of NAVFACENGCOM Criteria Ofice, Code 15.

Recomendati ons for inprovenent are encouraged fromw thin the
Navy, other Governnent agencies, and the private sector and
shoul d be furnished on the DD Form 1426 provi ded inside the back
cover to Conmmander, Naval Facilities Engi neering Comrand,

M. Tom Harris, Code 15, 1510 Gl bert Street, Norfol k, VA
23511-2699; phone comerci al (804) 322-4206, facsimle nmachine
(804) 322-4416.

TH' S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR
PROCUREMENT OF FACI LI TIES CONSTRUCTION. I T IS TO BE USED I N THE
PURCHASE OF FACI LI TI ES ENG NEERI NG STUDI ES AND DESI GN ( FI NAL
PLANS, SPECI FI CATI ONS, AND COST ESTI MATES). DO NOT REFERENCE | T
IN M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER PROCUREMENT
DOCUMENTS.
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Section 1: | NTRODUCTI ON

1.1 Scope. This handbook provides the Naval Facilities
Engi neering Command's policy and criteria for selection and
design of heating, ventilating, air conditioning (HVAC), and
dehum di fyi ng systens as applied to Naval shore facilities.

1.2 Cancellation. This handbook cancel s and supersedes
NAVFAC desi gn manual DM 3. 03, Heating, Ventilation, Ar
Condi tioning and Dehumi difying Systens dated January 1987.

1.3 Pur pose. Policy and criteria included in this handbook
are provided to ensure quality and consistency in design of HVAC
and dehum difying systens with mnimumlife cycle costs which
satisfy functional and operational requirements of Naval
facilities and which provide a healthy and safe environnent for
facility occupants.

1.4 Policy. Design of HVAC and dehum difying systens shal
be in accordance with guidelines included in this handbook. The
mat erial included in Sections 5 through 12 of this handbook is
provided for information and should be applied only as required
to suppl enment the experience of the designer or design reviewer.
NAVFAC policy is to select sinple, easy to naintain and operate,
HVAC systens desi gned based upon well established principles and
constructed of proven materials that satisfy space tenperature,
hum dity, and indoor air quality (1AQ requirenents within energy
budgets prescribed in M L-HDBK-1190, Facility Pl anning and Design
Quide. Use the follow ng procedures for selection and design of
HVAC syst ens:

a) Ensure that passive building design features, e.g.,
bui l di ng orientation, shading, building envel ope, and insul ation
are optim zed to reduce heating and cooling |oads. Such passive
t echni ques reduce the requirenent to use conpl ex, maintenance
i ntensi ve, HVAC systens and equi pnent to neet the facility energy
budget .

b) Place special enphasis on keepi ng HVAC syst ens,
including controls, sinple and easy to operate and naintain.
Table 1, par. 2.4, and subparagraphs provi de recommendati ons on
types of air conditioning systens that should be considered for
t he nost conmmon applications. The | east conplex of the
recommended types shoul d be sel ected based on functi onal
requi renents, ease of maintenance, and the design energy budget.
For exanple, a systemrequiring extensive use of conplex
control |l ed devices and associated controls (e.g., conplex heat
recovery systens) should only be considered when there are no
practical alternatives to obtain design energy budgets prescribed

1
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in ML-HDBK-1190. Oherw se, |ess conplex, constant vol unme
unitary or air handler systens with zone control should be used.

c) Consider the |evel and responsiveness of maintenance
avail able at the custoner's activity when sel ecting the HVAC
system Success of the HVAC systemis dependent upon acceptance
of the systemby the local staff responsible for routine
mai nt enance. The staff should be able to understand the
operating principles and control logic. WMintenance of the
system shoul d not require skills and know edge beyond their
capability. Ensure adequate space is provided for equi pnent
mai nt enance and renoval .

d) Consider the types of systenms currently installed
at an activity when nmaking system selection for new facilities.
Seek to provide consistency in systemtypes unless a sinpler,
| ess mai nt enance intensive systemcan be used in the new
facility.

e) Specify training of activity personnel conparable
to the degree of system and controls conplexity provided and
considering | evel of existing know edge. |n addition, provide
cust oner gui dance relative to mai ntenance personnel (i ncluding
| evel of know edge) or contract mai ntenance support required for
t he HVAC system

1.5 Referenced Criteria. The principal criteria references
used in this handbook in order of priority are:

a) M L- HDBK- 1190.

b) NAVFAC design manuals and mlitary handbooks.
(Whenever a design nmanual is revised, the design nmanual is
converted to a mlitary handbook.)

c) Anerican Society of Heating, Refrigerating and Air-
Condi ti oni ng Engi neers, Inc. (ASHRAE) handbooks and standards.
If a particular subject is not specifically addressed in this
handbook, ASHRAE criteria apply. For criteria that is not
avai labl e in ASHRAE criteria, use the best avail able information
applicable to the design requirenent, including State and | ocal
codes as applicable.

1.6 Safety. Design systens to neet requirenents of

National Fire Protection Association (NFPA) 90A, Standard for the
Installation of Air Conditioning and Ventilating Systens and NFPA
90B, Standard for the Installation of Warm Air Heating and Air
Condi ti oning Systens and Departnent of Labor, 29 CFR Part 1910,
Qccupational Safety and Health Standards.

2
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Table 1

Recomrended Air Conditioning Systens
for Various Buil dings

SYSTEMS (1)

Bui | di ng C

X >

X @

Adm ni stration
Apt. Houses

Audi tori uns
Bachel or Quarters
Bakeri es

Chapel s

Communi cati ons
Fam | y Housi ng
Gymasi uns

Hangar (w Lean-To)
Hospital s
Laundri es

School s

Shops

Theaters
Transmtters

War ehouses

XXXXXX X!
PXXXX X!
PXX XXX XXX

PXXXXXX ' !

XXXXXX X!
XXXXXX X!

NOTES:
(1) System Types:

- Single Duct System

- Dual Duct System
Mul ti zone System

- Vari abl e Vol unme System

- Perinmeter Zone Air System

mooOw?>

(2) Depends on buil ding configuration.

D

XXX XX "' X

PXXX XX X!

— I

(3) Depends on | ocal weather conditions.

M L- HDBK- 1190.

F G H |
(3) (3)
X X X X
X X X -
X - X X
X X X X
- - X X
X X X X
X X X X
X X X X
- - - X
X X - X
X X X X
- - X X
X X X X
X - - X
X - - X
X - X
- - - X

Fan Coil System
| nducti on System
Heat Punp System
Evap. Cool i ng System

Refer to
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Section 2: GENERAL

2.1 Load and Energy Cal cul ations

2.1.1 Load Calculation Procedures. Refer to the ASHRAE
Handbook, Fundanentals, for the acceptable method of perform ng
| oad and energy cal cul ati ons.

2.1.1.1 Load Calculation Form Except for small buil dings and
m nor renovation, |ess than 8000 square feet, |oads shoul d be
cal cul ated using a conputer program which applies one of the

met hods i n the ASHRAE Handbook, Fundanentals, Chapters 25 and 26.
Sinplified | oad cal cul ati on equations are reproduced in Section 5
of this handbook. These sinplified equations nmay be used on
smal | er buildings with hand cal cul ati ons.

2.1.1.2 Design Conditions. Select indoor and outdoor sunmer
and wi nter design conditions in accordance with M L-HDBK-1190.
If a known mcro-climate condition exists at the site, or if
buil ding site location is not shown in NAVFAC Publication P-89,
Engi neering Weat her Data; consult the Navy desi gn manager or
project |eader (DM or PL) for instructions.

2.1.1.3 Variable Air Volune (VAV) Systems. For VAV systens,
refer to Appendi x C and ASHRAE Handbook, Fundanentals, for the
accept abl e net hod.

2.1.1. 4 Qut door Air Load

a) Infiltration. Use infiltration rates and the
met hod of cal cul ation prescribed in ASHRAE Handbook,
Fundanent al s.

b) Ventilation. Use ventilation rates for |AQ
prescri bed in ASHRAE Standard 62, Ventilation for Acceptable
| ndoor Air Quality and the nethod of cal culation included in
ASHRAE Handbook, Fundanentals.

2.1.2 Energy Anal ysi s

2.1.2.1 Building Orientation. Building orientation,
fenestration, lighting, and geonetry can have a profound effect
on the building energy consunption, system selection, and zoning.
Therefore, the HVAC designer should consult with the architect
during the early concept stage to optim ze the overall design

2.1.2.2 Architectural Features. The building mass, tightness
of construction, w ndow treatnent, occupancy zoning, and ot her
characteristics can al so i npact the HVAC design. These features

4
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need early consideration by the design disciplines to achieve the
best overall design concept. Consider using ENVSTD 24, a
Departnent of Energy (DCE) envel ope system performance conpliance
cal cul ation programto assist the architect and nmechani cal

engi neer to evaluate the proposed facilities’ conpliance with
ASHRAE St andard 90.1, Enerqgy Efficient Design of New Buildings
Except Low Rise Residential Buildings, 10 CFR 435, and

M L- HDBK- 1190 design energy targets. ENVSTD 24 is avail able on
the Construction Criteria Base (CCB) CD-ROM or from ASHRAE or
DCE.

2.1.2.3 Mechani cal System Selection. Life cycle cost analysis
of candi date systens should be used to determ ne the best system

selection within the paraneters cited in par. 1.4. Include
el ectrical demand charges as well as energy charges in the
analysis. Include rebates offered by the utility for use of

particular forns of energy or types of equipnent, such as ice
storage or gas-fired adsorption chillers. Refer to M L-HDBK-1190
for guidance on the application of this procedure.

2.1.2.4 Electrical Lighting System Selection (Daylighting).
The HVAC desi gn engi neer should assist in the eval uation of
daylighting to ensure that electrical energy savings are not

of fset by increased energy required by the HVAC system due to

I ncreased heating and cooling | oads. Consider using LTGSTD 24, a
DOE lighting prescriptive and system performnce conpliance

cal cul ation programto assist the architect and electrical and
nmechani cal engi neer to evaluate the proposed facilities
conpliance with ASHRAE Standard 90.1, 10 CFR Part 435, Energy
Conservation Voluntary Performance Standards for Commercial and
Multi-Famly High Rise Residential Buildings, Mandatory for New
Federal Buil dings and M L- HDBK- 1190 desi gn energy targets.
LTGSTD 24 is available on the CCB CD-ROM or from ASHRAE or DOE

2.1.2.5 Speci al Energy Conservation Features. There remains a
continuing need to achi eve energy conservati on on Navy buil di ngs
by optim zation of new buil di ng designs, accurate contr ol
systenms, retrofit of ol der buildings, and incorporation of
speci al energy conservation features wherever appropriate (as
justified by life cycle cost).

a) Solar. Include active and passive sol ar systens
for space heating, for heating pools, and for donestic hot water
only if economcally feasible. A new econon c anal ysis need not
be perforned if a previous study on a simlar facility with
simlar weather conditions is avail able.

b) Heat Recovery Techniques. Refer to Appendix A for
an exposition of sonme of the various techni ques of heat recovery.

5
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Application of these techni ques should only be considered when
required to neet the design energy budget and when operation and
mai nt enance are judged to be within the capability of | ocal

mai nt enance personnel .

c) Thermal Storage. Due to the added conplexity in
system operation and controls, only use thermal storage systens
when required to neet the building energy budget and when proven
cost effective on a life cycle cost basis.

(1) Savings. Include demand charges, energy
charges (energy cost nmay be | ower when thernmal storage is charged
of f peak), and savings in refrigeration equipnment size reduction
inthe |life cycle cost analysis. An electric rate structure with
a high demand charge or with time-of-day netering rates provides
t he best opportunity for savings on investnment. Ensure that the

anal ysis includes the appropriate energy cost, e.g., billing for
el ectrical energy at a naster neter vice the individual building
nmeter. |If the station is master netered for consumers, addition

of a single building may have no significant inpact on the demand
charge, and additional energy used may be at the | owest avail able
rate. Qher opportunities for savings include reduced cost for

el ectric service, increased efficiency of equipnent operating at
ni ght, and reduced cost for fire protection if water storage can
be integrated with thermal storage requirenents.

(2) Equiprment Sel ection. Packaged thernmal storage
systens conplete with controls are preferred over field
fabricated systens.

2.2 Equi pnrent  Sel ecti on

2.2.1 General. Determne the type of heating and cooling
systemto be used by the conputer energy and life cycle cost

anal ysis as described in ML-HDBK-1190, Chapter 8. Applicable
Navy desi gn manual s and gui de specifications provide gui dance on
t he recommended cl asses of equi pnent to be evaluated for the
particul ar application and size range.

2.2.2 Heat i ng Equi pnent

2.2.2.1 Boiler Sizing. Refer to ML-HDBK-1003/6, Centra
Heating Pl ants and ASHRAE Handbook, Fundanentals for sizing
boilers. Boiler sizing should consider:

a) Connected | oad, which includes the heating | oad,
pl us (where applicable) pipe | oss and pi ckup, donestic hot water,
process | oads, and boiler plant auxiliaries.
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b) Boiler plant's turndown rati o.

c) Provisions for future | oads and standby for
essential | oads where applicable.

2.2.2.2 Boiler Fuel. Refer to ML-HDBK-1003/6 for information
on how to select boiler fuel. Consider Navy criteria, fuel and
life-cycle costs, and Federal and |ocal em ssion standards.

2.2.2.3 Auxi liary Equipnent. Refer to ML-HDBK-1003/6 and Navy
gui de specifications for information on types and sizi ng of
auxiliary equi pnment. Sonme notes on plant equi pnent are as
fol | ows:

a) Centrifugal Punps. Check the system net positive
suction head (NPSH) as well as the punp NPSH in the design. 1In
the past, engineers frequently specified non-overl oadi ng type
punps. Today, punping energy costs sonetines dictate ot her ways
to arrange punp operating points. Do not oversize punps. Refer
to the ASHRAE Handbook, Fundanentals and the Hydraulic Institute
standards for guidance on design of centrifugal punping systens.

b) Non-Hernmetic Mdtors. Refer to ASHRAE Handbook
Fundanent al s; NFPA 70, National Electrical Code; and Nati onal
El ectrical Manufacturers Association (NEMA) standards for
gui dance on sel ecting notors and notor protective devices.

c) Hernetic Motors. Hernetic notors are used in
refrigeration conpressors, selected by the equi pnent
manuf acturer, and protected as required by NFPA 70.

d) Engine and Turbine Drives. Consult ASHRAE
Handbook, Fundanental s and applicabl e NFPA standards for design
gui dance on the application of engines and turbines used to drive
conpressors, fire punps, power generators, and co-generation
equi pnent .

2.2.2. 4 Term nal Equi pnent. Select and size term nal equi pnent
i n accordance w th ASHRAE Handbook, Fundanentals. Econom c as
wel | as engi neering considerations shall set the flow,
tenperature, tenperature drop, pressure, and pressure drop for
central plant equi pnent; distribution piping and fittings; and

term nal equi pnent paraneters. |If new term nal equipnent is
added to an existing plant, ensure that the new system pi pi hg and
valves will not disturb the proper operation of existing

di stribution system

2.2.3 Cool i ng Equi pnent
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2.2.3.1 Ceneral. Select air cool ed equi pnmrent on the basis of
entering air at 5 degrees F above the design tenperature as given
in NAVFAC P-89 for roof nmounted equi pment and for equi pnent in
corrosive environnents.

2.2.3.2 Packaged DX Equi pnent. Muiltiple packaged DX equi pnent
shoul d only be used when it is shown to be life cycle cost
effective for the application.

2.2.3.3 Central Chilled Water Equi pnent

a) Use only one chiller for confort cooling
applications unless it becones economcal to split capacity.
M ssion requirenents nmay dictate the use of nultiple units with
capacities determned by critical |oads. Oobtain approval for the
use of nultiple units fromthe engineering field division (EFD)
or engineering field activity (EFA).

b) Size units on the basis of acceptable refrigerants
speci fied in NAVFAC gui de specification (NFGS)-15652, Centra
Refrigeration Equipnment for Air Conditioning. Do not use
refrigerants with an ozone depletion potential (ODP) greater than
0.05 or a global warm ng potential (GAP) greater than 0. 34.

c) Use centrifugal or rotary screw conpressor chillers
for capacities greater than 120 tons.

d) Though air cooled chillers are |less efficient than
wat er cooled chillers, air cooled chillers require |ess
mai nt enance; this should be a consideration in the selection.

e) Water treatnent of cooling towers and evaporative
condensers shoul d be carefully considered. Continuous bl eeding
or dunping of water treated with chemcals to the sanitary or
storm sewer nay be prohibited. Check with the | ocal
envi ronnent al program nmanager for use of wastewater and sanitary
sewer systens.

2.2.3.4 Auxi | i ary Equi pnment - Cooling

a) Condenser Heat Rejection. Heat can be rejected
froma condensing refrigerant to atnosphere with an evaporative
condenser, wth a water-cool ed condenser and a cooling tower,
with an air-cool ed condenser, or with closed ground-I| oop water
rejection. Do not use potable water for condenser heat
rejection. Provide a three-way diverter valve to contro
condenser cooling water supply tenperature. Cooling with pond,
stream or |ake water should only be considered after eval uating
envi ronnent al inpact of returning heated water and additional

8
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associ at ed mai nt enance costs. Condenser heat can al so be
recovered for space heating including reheat and donestic water
heat i ng.

b) Evaporative Condenser. An evaporative condenser
yi el ds high efficiency because of its | ow condensi ng tenperature,
and is smaller than an air-cooled condenser or cooling tower.
Al t hough the evaporative condenser is often nmounted on the roof,
it may be nounted inside the building and ducted to the outside.
It requires | ess maintenance than a cooling tower because the
water treatnent is easier. Provide capacity control by cycling
the fan, using a two speed fan and nodul ati ng danpers. Use a dry
sunp piped to an inside reservoir in freezing climates.

C) Cooling Tower. A cooling tower also yields high
efficiency with its | ow condensing tenperature. It can be
designed to give "free" cooling (e.g., cooling when the
refrigeration conpressor notor is not running) wth special
pi ping or using a special refrigeration conpressor. Continuous
bl eed off is required to prevent excessive concentration of
solids. Chenmical treatnent is used to inhibit mcroorganismns,
control corrosion and scale, and to keep silt in suspension.
Locate cooling towers to prevent short circuit of noist air; and
so that drift fromthe tower will not water spot parked cars,
| arge wi ndowed areas, or sensitive architectural surfaces.
Locate the condenser water punp bel ow or al ongsi de the tower
basin to ensure an adequate NPSH.  Heat the basin or use a dry
sunp and renote reservoir in freezing climtes. Provide capacity
control by cycling the fan.

d) Air Cool ed Condenser. Because an air cool ed
condenser is governed by the outdoor air dry bulb tenperature, it
has hi gher condensing tenperature and a | ower energy efficiency
than an evaporative condenser or cooling tower installation.

Mai nt enance costs and | abor requirenents are nuch ower with air
cool ed condensers than with cooling towers or evaporative
condensers.

e) Gound-Loop (Ceothermal) Heat Rejection. Use where
justified by life cycle cost evaluation and ecol ogi cal
consi derations and where space pernmts. [|nproved nethods of
wel di ng plastic pipe provide long-lasting systens (25 years) with
m ni mum nai nt enance requirenents.

2.2.4 Ventil ati on Equi pnent
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2.2.4.1 General. Conbine ventilation equipnment for the heating
systemw th ventilation equipnment for the cooling system wherever
feasible. Use positive nethods to ensure adequate ventilation
air for I AQ at occupi ed operating nodes.

2.2.4.2 Humd Cdimtes. |ndependent ventilation systens are
required in humd climates for humdity control. Refer to
M L- HDBK- 1011/ 1, Tropical Engineering.

2.2.4.3 Engi neered Snoke Control System Use of snoke control
systens should be limted to high rise structures such as
hospitals. For detailed informati on on engi neered snoke contr ol
systens, refer to ASHRAE Publication, Design of Snpoke Contro
Systens for Buildings, and ASHRAE Handbook, HVAC Systens and
Applications, and NFPA 92A, Snmoke Control Systens. Refer to
Appendi x B for notes on design of snoke control systens.

2.2.5 Hum di fi cati on Equi pment

2.2.5.1 Ceneral. Provide humdification systens when outdoor
design conditions would result in an interior space relative
hum dity | ess than 20 percent. Conbine hum dification equi pnment
w th HVAC systens when central station air handling equipnent is
used. Ensure that the building can contain the added noi sture
w t hout damage. Refer to M L-HDBK-1191, Medical and Denta
Treatnment Facilities Design and Construction for nedical
facilities requirenents.

2.2.5.2 Steam Hum difiers. Use of direct steam containing
amnes is prohibited. Provide noisture elimnators if heated pan
hum difiers are used wth high pressure steamas a heating
source. Makeup water for pan hum difiers should be froma soft
water source if available to mnimze scaling. Automatic

bl omdown shoul d be provided on heated pan humdifiers to reduce
scal i ng.

2.2.5.3 Atom zing Humdifiers. Do not use atom zing
humdifiers as an alternative to direct steamor heated pan type
since these have the potential of injecting the |egionnaire
bacillus as well as other pathogenic mcroorganisns into the air
di stribution system

2.2.6 Tenperature Controls

2.2.6.1 Ceneral. Design control systens as sinple as possible,
reducing conplexity to only that required to neet design
conditions and to provide safe operation. Integrate limt and

safety controls as part of the system Section 8 provides
addi tional general information on control systens.

10
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2.2.6.2 Direct Digital Controls (DDC). Use direct digital
controls where justified by Iife cycle cost for new and nmj or
repl acenent HVAC systens. Verify that activity operating and
mai nt enance personnel will use DDC by contacting the

EFD or EFA desi gn nanager or project |eader.

2.2.6.3 Tenperature Control Draw ngs and Specifications.
Comply with NFGS-15972, Direct Digital Control Systens or
NFGS- 15971, Space Tenperature Control Systens. Refer to par.
4.1.5 for information required on draw ngs.

2.2.6.4 Automatic Control Valves. Use three-way m xing and
diverting valves only for two-position switching of water flow
and three-way diverting valves for nodul ating control of cooling
tower water. Use two-way nodul ating val ves and variabl e fl ow
punpi ng for other autonmatic control of water flow to achieve
energy efficient systens. Three-way val ves provide inaccurate
control and at md position tend to pass greater than design
flow.

2.2.7 Energy Monitoring and Control System (EMCS). EMCS
which is also called Utility Monitoring and Control System
(UMCS), is not a unique systembut is a special application of a
DDC system New buil dings will provide energy nmanagenent
functions by adding these prograns to the DDC system [|f an
existing EMCS is to be expanded, do so only when the EMCS is
proven functional and then conply with Arny Technical Manual (TM
5-815-2, Energy Mnitoring and Control Systens (EMCS), otherw se
design a DDC systemw th energy nonitoring functions. Do not
provide term nal cabinets for a proposed EMCS

2.2.8 I nstrunentation. Were instrunents are required for
adj ustnents only and are not essential for normal operation,
provi de an arrangenent to tenporarily connect instrunents w thout
stopping or draining the system Conply with Table 2.

2.2.8.1 Indicating Instrunents. Specify ranges of operation
whi ch give an indication of variation in operating conditions.
Measuring instrunents shall be provided near automatic contro
devi ces, such as thernostats, hum distats, and pressure sw tches,
to facilitate adjustnents and testing of the control device. Use
I ndi cating types only, unless a permanent operational record is
desi red.

2.2.8.2 Recording Instrunents. Provide recording instrunments
only where a permanent record is required to anal yze operati ng
costs or effects on process applications. |[If a DDC systemis
used, this function can be acconplished through software

progr ans.
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Table 2
| nstrument Applications

| NSTRUVENT

Ther nonet er

Ther nonet er
wel | only

Pressure
i ndi cat or

Pressure
tappi ng with
gage cocks

Draft gages
(not required
where DDC
sensors are
connect ed)

GENERAL
LOCATI ON

Pi pel i ne

Duct wor k

Pi pel i ne

Equi prrent

Pi pel i ne

Equi prrent

Equi prrent

Equi prent

SPECI FI C LOCATI ON

and outl et.
i nl et

*Water chiller inlet

*Refrigerant condenser water
and outl et.

*Chilled and hot-water supply and
return from branch nains.

*Pi pes fromcoils and heat
exchangers.

*Qut door air duct.

*Return air duct.

*After preheat coil,
and heating coil.

cool ing coil

*1 ndi vi dual
returns.
*Di rect expansi on coi
sucti on connecti on.
*Refrigerant suction connection to

wat er chiller.

cool ing and heating coi

refrigerant

*Beari ngs of
not or s.

| ar ge conpressors and

*Before and after pressure reducing
val ves.

*Suction and di scharge of punps and
conpr essors.

*Pressure | ubrication system of
conpr essors.

*Wat er entering and | eaving sides of
cool ing and heating coils, water
chillers, and refrigerant
condensers.

*At static pressure regul ators.

*Before and after large air filter
banks with a capacity above 4, 000
cubic feet per mnute.

12
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Tabl e 2 (Conti nued)
Typi cal Instrument Applications

| NSTRUVENT GENERAL SPECI FI C LOCATI ON
LOCATI ON

Tappi ngs for Equi prrent *Suction and di scharge of fans.
draft gages *]I nduction unit risers.
*Inlet side of m xing boxes.

Fl ow i ndi cat ors Pipeline *Punp return for hot and chill ed
wat er systens.
*Each zone of nultizone hot and
chill ed water systens.

2.2.8.3 Conbination Instrunent and Controls. Recording and
I ndicating instrunments shall be conbined with control devices to
measure conditions at the point of control.

2.2.8.4 Milti-Point Renpte Indicators. Use nulti-point renote
I ndicators to check tenperature, pressure, humdity, and other
equi pnent operating conditions for areas renotely |ocated from
the central control point. Wth large installation, it can be
advant ageous and econom cal to provide nulti-point renote

I ndicators at a central supervisory |ocation instead of having
several indicating type instrunments installed at different
spaces.

2.2.8.5 Control Board. Instrunents and controls in one space
shall be conbined on a single control board and arranged for
rapid readout. Locate control boards for wal k-up access.

2.2.8.6 Desired I nstrunentation Characteristics

a) Range. The instrunentation range shall be such
t hat under normal operating conditions, the indicating pointer
will remain vertical. Variations in operating conditions shal
occur within the mddle one-third of the range.

b) Conpensation. Specify self-conpensating
instrunments which are not affected by external changes in
tenperature or pressure. Provide surge protection for pressure
gages.

13
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c) Over-Tenperature Alarns. Include over-tenperature
al arm signal systemin electronic equipnent facilities not having
conti nuous occupancy during operation. This systemshall consi st
of at | east one cooling-type thernostat in the electronic
equi pnent room and an audio alarmin the occupied control
center. For nornmal operations, set the thernostat to activate
the alarmwhen the facility tenperature reaches 90 degrees F.
Alarmcircuit activation at |ower tenperatures can be used if
dictated by el ectroni c equi pnent requirenents.

d) Thernoneters. Thernoneter wells can be used in
lieu of fixed permanent thernoneters. Table 2 provides typical
| ocations for thernoneters in piping systens.

e) Pressure Gages. Pressure gage tappings with cocks
can be used in lieu of fixed, permanent pressure gages. Provide
pressure gages as indicated in Table 2.

2.2.9 Metering. Conply with NAVFAC Mai nt enance and Operation
Manual (MO)-209, Mintenance of Steam Hot Water, and Conpressed
Air Distribution Systens, MO 220, Mintenance and Qperation of
Gas Systenms, and MO 230, Mintenance Manual Petrol eum Fuel
Facilities. For Air Force projects, conply with Air Force

Engi neeri ng Technical Letter (ETL) 94-2, Uility Meters in New
and Renovated Facilities. Meter new buildings to nonitor energy
consunption, verify proper systemoperation, and validate results
of energy anal ysis and savi ngs.

2.2.10 Pi pi ng Syst ens

2.2.10.1 Sizing. Pipe sizing and maxi mum pi pe velocities shal
be in conformance with ASHRAE Handbook, Fundanentals. Refer to
Section 7 for additional information on design of piping systens.

2.2.10.2 Pipe Expansion. Preferred nmethods of accommodati ng

t hermal expansion is by pipe geonetry, e.g., offsets and changes
in direction, and by pipe |oops. Use expansion joints only when
space does not permt proper geonetry or installation of pipe

| oops.

2.2.11 Duct System Design

2.2.11.1 HVAC Systens

a) Duct Sizing. ASHRAE Handbook, HVAC Systens and
Applications offers three nethods of sizing duct system the
equal friction nethod; the static regain nethod; and the
T-nmet hod. The designer shall choose the nethod that he thinks is
nost appropriate for the particular system and then design

14
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accordi ng to ASHRAE Handbook, HVAC Systens and Applications. The
static regain nethod should be used for sizing supply ducts in a
VAV system (refer to Section 6 and Appendi x C for additional

i nformation). Mninmmrectangul ar duct size is 6 inches by 6

I nches and m ni nrum round duct size is 4 inches dianeter. Round
duct is preferred because of reduced noise, pressure |oss, and

| eakage. In general, try to size low velocity ducts in a range
of .05 to .08 inch static pressure drop per 100 |linear feet of
ductwork. For large duct systens, the designer should iterate
the design by doing optimzation to ensure lowest |ife cycle
cost. Additional information on duct design is given in Section
6. For industrial ventilation duct design, refer to

M L- HDBK- 1003/ 17, Industrial Ventilation Systens.

b) HVAC Duct Construction. Duct construction shal
foll ow Sheet Metal and Air Conditioning Contractors' Nationa
Associ ati on (SMACNA) standards. On drawi ngs, note the SMACNA
pressure, seal, and leak classifications required. In
specifications, note the duct tests required. See Figure 10 for
preferred nethod.

2.2.11.2 Restriction on Use of Ductwork. Do not use underground
duct wor k because of health risks associated with
soil-incorporated termticides such as chlordane and with soils
containing radon gas. In addition, the follow ng ductwork
construction is prohibited:

a) Sub-slab or intra-slab HVAC system ducts.

b) Plenumtype sub-floor HVAC systens, as defined in
the Federal Housing Adm nistration (FHA) m ni mum accept abl e
construction criteria guidance.

c) HVAC ducts in contact with the ground within an
encl osed crawl space.

d) Oher HVAC systens where any part of the ducting is
in contact with the ground.

2.2.12 Industrial Ventilation and Exhaust Systens. For design
of industrial ventilation and exhaust systens, use the follow ng
as appropriate: Anerican Conference of Governnental I|ndustrial
Hygi eni sts (ACA H) Handbook, Industrial Ventilation - Manual of
Reconmended Practice; and M L-HDBK-1003/17, |ndustri al
Ventilation Systens. |If the system conveys vapors, gases, oOr
snoke; use the equal friction or static regain nethod for design.
If the systemtransports particulates, then velocities shall be
sufficient to transport the particles.
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2.3 Noi se and Vibration Control. For noise and vibration
control, refer to Arny TM 5-805-4, Noise and Vibration Contro

for Mechani cal Equi pnent, Chief of Naval Operations Instruction
(OPNAVI NST) 5100. 23, Navy Occupational Safety and Healt h (NAVOSH)
Program Manual , and ASHRAE Systens Handbook. Limt HVAC and
anci |l ary equi prment noi se | evels bel ow those requiring a hearing
conservation program as defined in Departnent of Defense

I nstruction (DODI NST) 6055.12, DOD Hearing Conservation Program

2.4 System and Equi pnent Perfornmance. Refer to

M L- HDBK- 1190, Facility Pl anning and Design Guide. For size and
selection criteria of systens and equi pnent, refer to ASHRAE

Equi prent Handbook. HVAC systens shall be able to dehumdify
supply air under |oading conditions, provide reliable operations,
and tolerate reasonable variations in chilled-water tenperatures.
Air conditioning systens generally operate at part | oad
conditions nost of the tine. This is particularly true of
confort air conditioning systens which often operate at |ess than
50 percent of their design |oad capacity for nore than 50 percent
of the tine. Since high part |oad efficiencies are desirable to
conserve energy, the selection of equipnment and step starting and
sequenci ng controls shall be nade with an enphasis on reducing
life-cycle costs at part |load conditions. Verify and docunent

t he equi pnent operation in accordance with ASHRAE Gui deline 1,
Commi ssi oni ng_of HVAC Syst ens.

2.4.1 Cooling Systens

2.4.1.1 Central Air Conditioning Systens. Use these systens
for applications where several spaces wth uniformloads will be
served by a single apparatus and where precision control of the
environment is required. Cooling coils can be direct expansion
or chilled water. Select air cooled or evaporative condensers,
cooling towers, and ground-loop systens based on |ife cycle
econom cs consi dering operating efficiencies and nai ntenance
costs associated wth outdoor design conditions and environnent,
e.g., high anbient tenperatures and dusty conditions coul d
adversely inpact the operation of air cool ed condensers.

Consi der tenperature rise of chilled water supply when sel ecting
chilled water coils, especially for applications requiring

preci sion humdity control.

2.4.1.2 Unitary Air Conditioning Systens. These systens should
generally be limted to |l oads | ess than 100 tons. Unitary
systens are packaged in self-contained or split configurations.
Sel f-contai ned units incorporate conponents for cooling or
cooling and heating in one apparatus. Thernostatic expansion

val ves are preferred over capillary tubes and orifices for
refrigerant control when available as a manufacturer's option
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si nce expansi on val ves provide better superheat control over a
w de range of operating conditions. Split systens nay include
the follow ng configurations:

a) Direct expansion coil and supply fan conmbined with
a renote conpressor and condensing coil; or

b) Direct expansion coil, supply fan, and conpressor
conbined with a renote condenser, cooling tower, or ground-I|oop
system

These systens generally have | ower first cost than
central systens but may have higher life cycle costs. |If part
| oad operation is anticipated for a majority of equi pnment
operating life, consider multiple unitary equi pnent for superior
operating efficiencies and added reliability. Refer to ASHRAE
Handbook, Equi pment for size and selection criteria.

2.4.1.3 Room Air Conditioning Units. These units are

sel f-contained units serving only one space. These units are
typically referred to as wi ndow or through-the-wall type air
conditioners. Roons served by these units should have a separate
HVAC unit to provide ventilation air for a group of roons. Use
them when they are |life cycle cost effective, and in accordance
with ML-HDBK-1190. Refer to ASHRAE Equi pnent Handbook

2.4.1. 4 Built-up Systens. These systens consi st of individual
conponents assenbled at the building site. Generally, use them
when a large volunme of air is handled. These systens nay be used
as renote air handling systens with a central cooling plant.

They are generally nore efficient and better constructed than
unitary air handling units. Determ ne the nunber of air handling
units by an economc division of the |oad, considering: (a) the
val ue of space occupied by equi prent; (b) the extent of ductwork
and piping; (c) the multiplicity of control, maintenance, and
operating points; and (d) energy conservation factors.

2.4.2 Heating Systens. Heating sources can be either steam
hot water, natural gas, oil, electricity, or a renewable
resource. Select these sources based on life cycle cost.

Heating systens may be conbined with ventil ating systens when
feasible. Heating-domnated clinates require perineter radiation
at windows in office spaces.

2.4.2. 1 | ndi vi dual Heating Plants. Locate individual heating
plants in the building they serve or in a separate, adjoining
bui | di ng.
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2.4.2.2 Central Heating Plants. Refer to M L-HDBK-1003/6.
Base the total heating system capacity on nornal denmand rather
than total connected | oad.

2.4.2.3 Snow Melting Systens. Provide snow nelting systens to
mai ntain an access area free of snow and ice for such areas as
hospi tal entrances and hangar doors.

2.4.3 All-Air Systens. Refer to ASHRAE Systens Handbook. In
hum d climtes, provide all-air systens for air conditioning.
These systens are central systens which provide conpl ete sensible
and | atent heating and cooling of the air supply. These systens
are either single path or dual path. Single-path systens have
heating and cooling elenents in a series configuration. Dual-
path system el enents are arranged in parallel. Consolidation of
system conponents at a central |ocation provides increased
opportunity for energy conservation.

2.4.3.1 Const ant - Vol une Systens. Use where room conditions are
to be maintained by supplying a constant volune of air to the
space and varying supply air tenperature in response to denands
for net space heating or cooling.

a) Applications. In addition to multi-zone systens,
this includes single-zone or single-space applications in
auditoriunms, neeting roons, cafeterias, restaurants, and snall
retail stores.

b) Milti-zone Systens. Use these systens to provide
I ndi vi dual tenperature control of a small nunber of zones,
maxi mum 10 zones, froma central air handler. For normal confort
cooling applications, place cooling and heating coils in the air
handl er. For applications where humdity control is critical,
pl ace coils in series so that air is conditioned by the cooling
coil prior to passing to the hot deck. Provide cooling by
di rect-expansion or chilled-water coils. Provide heating by
steamcoils, hot water coils, or electric coils.

c) Term nal Reheat Systens. These systens overcone
zoning limtations by adding individual heating coils in each
zone's branch duct to conpensate for areas of unequal heating
| oad. Heat, whether in the formof hot water, steam or
el ectrical resistance heaters, is applied to either
preconditioned primary air or recirculated roomair.

(1) These systens waste energy because supply air
is cooled to a | ow enough tenperature to serve the zone needi ng
the coolest air, but then supply air nust be reheated for other
zones to avoid overcooling. Were constant volunme is maintained,
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the waste of energy can be even nore significant. Reset cold
deck tenperature to neet cooling requirenments of the roomwth
the largest load or to satisfy humdity requirenents. This cold
deck tenperature control reduces energy consunption.

(2) Due to high energy consunption, limt these
systens to applications requiring close control of tenperature
and hum dity, such as hospital intensive care areas and
| aboratories. Wen economcally feasible, use heat recovered
fromthe refrigeration cycle in heating coils.

2.4.3.2 Variable Air Volune (VAV) Systenms. Use VAV systens for
bui l dings with sufficient zones (11 or nore zones) and | oad
variation to permt reduction of fan capacity for significant
periods during the day. Do not use bypass VAV systens. The
conplexity of systens should be consistent with m ni num

requi renents to adequately naintain space conditions. For nore

I nformation, refer to Section 6 and Appendi x C.

2.4.3.3 Econom zer Cycle. btain approval of the EFD or EFA
for use of the econom zer cycle. The econom zer cycle should not
be used in humd climtes and for spaces where humdity control
is critical, such as conputer roonms. Problens have been
experienced with |inkage corrosion, excessive danper |eakage,
jamred |inkage on | arge danpers, and i nadequate nai ntenance.

Qut door air danpers should be | ocated away fromthe intake |ouver
and after duct transition to mnimze exposure to weather and
size of danpers. Provide outdoor air dry bul b changeover rather
than enthal py or outdoor air/return air conparator changeover.
Pars. 6.3, 8.2, 8.3, 8.4, and 8.5 provide additional information
on the econom zer cycle.

Wth VAV systens, return or relief fans shall not be
used. An econom zer should only be used when it can be designed
wth gravity relief through the building envel ope. Size gravity
relief danpers to prevent building over pressurization. Refer to
Section 6 and Appendix C for additional informtion.

2.4.4 Duct, Pipe, and Equi pnment | nsul ati on

a) Refer to NFGS- 15250, Mechanical lInsulation for
gui dance on design and sel ection of insulation systens.

b) Refer to ML-HDBK-1011/1 for special requirenents
in humd climates.

2.4.5 Conmputer Prograns for Load Calculation. For input
characteristics of conputer prograns, refer to M L-HDBK-1190.
Use ASHRAE procedures, hourly weat her data or bin nethod, and
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part | oad equi pnment performance data. Denonstrate full and part
| oad equi pnment and system performance in the | oad cal cul ati on.
The foll ow ng conputer prograns nay be hel pful in | oad

cal cul ation

a) Building Loads Anal ysis and System Ther nbdynam cs
(BLAST). The BLAST conputer programis used to predict energy
consunption, energy system performance, and energy cost in
buil dings. This program conputes hourly space | oads, nechani cal
and el ectrical power consunption, power plant fuel consunption,
and life-cycle costs. This program may be obtai ned by contacting
BLAST Support O fice, Departnent of Mechani cal Engi neering,
University of Illinois, 1206 West G een Street, Urbana, IL 61801,
t el ephone 1-800-Ul -BLAST. This programis funded by the U S
Arny Corps of Engineers. |If used by Federal agencies, this
programis free of charge.

b) Commercial Progranms. Conputer progranms for HVAC
and dehum di fying systens are conmmonly avail abl e from conputer
sof tware conpani es or air conditioning manufacturers.

2.5 Mechani cal Room Ventilation. Provide ventilation
systens for nechanical equipnent roons to limt tenperature rise
due to heat release from pi ping and equi pnent. Size fans based
on a 10 degree tenperature rise above the outdoor dry bulb
tenperature design condition; provide thernostat control of fans.
Design ventil ation systens for equi pnent roons containing
refrigeration equi pnment in accordance with ASHRAE Standard 15,
Safety Code for Mechanical Refrigeration including refrigerant or
oxygen deprivation sensors (based on the classification of
refrigerant) and alarns, to ensure safe refrigerant concentration
| evel s. Pipe refrigerant discharges frompressure relief

devi ces, rupture nenbers, fusible plugs, and purge units directly
to the exterior of the building.

2.5.1 Sel f - Cont ai ned Breathi ng Apparatus (SCBA). Do not
provi de SCBA for nmechanical refrigeration roons, unless there
will be a full tinme standing watch in the room Provide, and

mai ntain current, SCBA training for watchstanders, where there is
a full time standing watch.

a) The fire departnent or hazardous material spil
response team answering an alarmcall w |l have SCBA avail abl e.
If they need assistance in securing any equi pnent, they wll be
able to outfit the refrigeration nmechanic with SCBA and provide
trained escorts to acconpany the refrigeration nechanic into the
hazar dous at nosphere.
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b) It is too dangerous to allow untrai ned personnel to
don SCBA equi pnent and venture into a known hazardous at nosphere.
For that reason, the Navy has elected not to provide the SCBA
since there would be no control over who m ght don the SCBA and
attenpt to enter the room

2.6 Radon Mtigation Systens. The follow ng conponents of
a sub-slab depressurization system should be included in the
design for buildings which will be constructed on sites known or
suspected of being a source of radon gas and which wll be
occupi ed nore than 4 hours a day:

a) Piping. Provide one 3-inch dianeter polyvinyl
chloride (PVC) pipe (Schedule 20) through the floor slab for
every 1,000 square feet of slab area |ocated as close to the
center of the area as possible. See Figure 1 for floor
penetration detail. Pipe should extend through the buil ding
roof, concealed in partitions, closets, store roonms, etc. An
adequate length of straight vertical piping should be provided in
the ceiling space below the roof for future installation of the
depressurization fan if post construction testing indicates
excessive radon levels. Locating the fan near the roof or
ceiling establishes a negative pressure in the piping system
thereby minimzing potential of |eaks in occupied spaces. Crack
bet ween pi pe and sl ab shoul d be seal ed with pol yurethane caul k.
Eval uate the econom c feasibility of conbining several PVC pipes
to reduce the nunmber of risers and the nunber of roof
penetrations, especially for nulti-story buil dings.

b) Electrical Requirenents. Provide a 110 volt, 15
anpere electrical power supply term nating at conveni ent
| ocations near the location for the future depressurization fans
in PVC pi pe. Ensure convenient access to |ocations selected for
future installation of depressurization fans.
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Floor Penetration for Sub-Slab Depressurization System

22




M L- HDBK- 1003/ 3

Section 3: APPLI CATI ONS

3.1 General. Criteria applicable to specific building
types are listed in Table 3. These criteria apply when specific
requi renents are not addressed in this handbook.

3.2 Bui l ding Types. M L-HDBK-1190 is the highest ranking
Navy design criteria, followed by NAVFAC desi gn manual s and
NAVFAC m |itary handbooks. Refer to the EFD or EFA A-E Cuide for
(local) subm ssion requirenments. Refer to ASHRAE handbooks for
desi gn gui dance not shown in Navy criteria.

3.3 Air Force Projects. Air Force criteria shall govern
when different fromNavy criteria.

3.4 Tropical Engineering. Refer to ML-HDBK-1011/1 for
addi ti onal design guidance. Sone of the problens encountered
w th HVAC systens in the tropics are:

a) Corrosion of equipnent.
b) Damage by w ndbl own debris and w ndbl own rain.

c) Humdity control. Confort cooling systens require
cooling of outside air the year around to control humdity.

d) Special pipe insulation and vapor barriers.
e) Danper nechanisns tend to janb due to corrosion

3.5 Electronic Facilities. Building types include:

a) Receiver buil dings

b) Tel ephone and sw tchgear roons

c) Radio direction-finder facilities

d) Uninterrupted power supply (UPS) roons
e) Transmtter buildings

f) Conputer roons

g) Control towers

h) Transportable/tactical facilities

) Transportable/relocatable facilities

23



M L- HDBK- 1003/ 3

j) Permanent facilities
k) Transportable, non-relocatable facilities

Tabl e 3
Applicable Criteria by Building Type

Buil ding Category Navy O her Cui des/ Speci al
Type Codes Criteria St andar ds Consi der ati ons
(Al (Varies) M LHDBK- 1190, ASHRAE Hdbk See 3.2

NAVFAC P- 89, Series

& M LHDBKs

A- E CGui de NFPA Codes

OSHA 1910

A-E Contract Local &
PED ( DD- 1391) Regi onal
Bl dg Codes

Local Station
Snoki ng Regs

USAF (Varies) Current USAF/ (Vari es) See 3.3
Proj ects LEEE, ETLs,

AFMs, USAF

Regi onal

G vil Engi neer

Ceneral Design

& Construction

Gui dance M LCON

Program

Pl us Navy

Criteria
Tropical (Varies) M LHDBK-1011/1 See 3.4
Engi neeri ng

Cl ean (Varies) M LHDBK-1028/5 See Navy
Roons Criteria
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Tabl e 3 (Conti nued)
Applicable Criteria by Building Type

Bui | di ng Cat egory Navy O her Cui des/ Speci al

Type Codes Criteria St andar ds Consi derati ons
Hi gh (Varies) M LHDBK-423 See Navy
Al titude Criteria
El ectr o-

Magneti c

Pul se

Pr ot ecti on

for G ound-

Based

Facilities

El ectronic (Varies) M LHDBK-1012/1 See 3.5
Conput er (Varies) M LHDBK-1012/1 See Navy
Roons Criteria
in Electronic

Facilities

Satellite 131 M LHDBK- 1012/ 1 See Navy
Conmmuni cati on Criteria
Ground Station M L- STD- 210

(this is an

el ectronic NAVELEX 0101,

facility) 105

Navi gation 133 NAVAI R 51- See Navy
& Traffic 137 50AAA- 2 Criteria
Al ds

Airfield 136 M LHDBK- 1023/ 1 See Navy
Li ghting Criteria
usmc 141 NAVFAC P-272 See Navy
Cryogeni cs Criteria
Facility

Ar 141-11 NAVFAC P-272 See Navy
Passenger Criteria
Ter m nal
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Tabl e 3 (Conti nued)

Applicable Criteria by Building Type

Bui | di ng Cat egory
Type Codes

Air Cargo 141-12
Ter m nal

Couri er 141-13
Station

Al rcraft 141- 20
Fire &

Rescue

Station &
Structural/

Al rcraft

Fire &

Rescue

Station

Aircraft 141- 30
Li ne

Oper ati ons

Bl dg

Aircraft 141- 40
Qper ati ons
Bl dg

Phot o- 141- 60
gr aphi c
Bl dg

Fl eet 141- 65
Reconnai s-

sance Phot o-
graphi c Lab

NAS 141-70
Control Twr

(this is an

el ectronic
facility)

Navy
Criteria

NAVFAC P-272
T™ 5- 844
NAVFAC P- 360

M LHDBK- 1008B
M LHDBK- 1028/ 1
M LHDBK- 1028/ 6

NAVFAC P-272

NAVFAC P-272

NAVFAC P-272

NAVFAC P-272

M LHDBK- 1012/ 1

NAVELEX 0101,
107

NAVFAC P-272

O her Qui des/
St andar ds

Speci al
Consi der ati ons

See 3.6
See Navy
Criteria

See Navy
Criteria

See 3.7

See Navy
Criteria

See 3.8

See Navy
Criteria

See 3.9
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Tabl e 3 (Conti nued)
Applicable Criteria by Building Type

Bui | di ng Cat egory Navy O her Cui des/ Speci al
Type Codes Criteria St andar ds Consi derati ons

Li quid 141- 87 NAVFAC P- 272 See 3.10
Oxygen/

Ni t rogen

Facilities M LHDBK- 1024/ 3

Hel i um 142-10 M LHDBK- 1024/ 2 See Navy
Pl ant & 142-19 Criteria
St or age 29 CFR 1910. 94

Arnmory for 143-45 NAVFAC P- 272 See Navy
Fl eet Mari ne Criteria
Force (FMF)

Air Goup

Squadr on

Expl osi ve 148-20 NAVFAC P-272 See Navy
Ordnance Criteria
Di sposal

(EQD) Team

Facilities

Aircraft 149 M LHDBK- 1028/ 6 See Navy
Fi xed Poi nt Criteria
Uility
Syst ens

Mai nt e- 200 M LHDBK- 1028/ 3 See 3.11
nance Faci -

lities for NAVSEA OP 3368

Anmuni ti on & NAVSEA OP 5

Expl osi ves

& Toxi cs

Cener al 210 DMVt 28. 4 ACAE H | ndus- See 3.12
Mai nt enance trial Venti-
Facilities | ation -

Manual of

Recommended

Practice

NFPA 33
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Tabl e 3 (Conti nued)
Applicable Criteria by Building Type

Bui | di ng Cat egory Navy O her Cui des/ Speci al
Type Codes Criteria St andar ds Consi derati ons
Aircraft 211 M LHDBK- 1028/ 1 See Navy
Mai nt enance Criteria
Facilities
Shi pyard 213 M LHDBK- 1028/5 ACG H I ndus- See Navy
Mai nt enance trial Venti- Criteria
Facilities DM 28. 4 |l ation -
Manual of
Recomended
OSHA Practice
Hospi t al 500- 550 M LHDBK- 1191 NFPA codes See 3.13
Dental & i ncl udi ng
Medi cal NFPA 101
Facilities
JCAH St ds
ASHRAE Hdbks
Adm n 610 M LHDBK- 1034 See Navy
Facilities Criteria
Fam |y 710 M LHDBK- 1035 See 3.14
Housi ng
FHA M ni num
Property Std
Bachel or 721 M LHDBK- 1036 See 3.15
Enli st ed
Quarters
Bachel or 724 M LHDBK- 1036 See 3.16
Oficer
Quarters
Swi nmmi ng 740- 53 Dvt 37. 1 See Navy
Pool Criteria
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Tabl e 3 (Conti nued)
Applicable Criteria by Building Type

Bui | di ng Cat egory Navy O her Cui des/ Speci al
Type Codes Criteria St andar ds Consi derati ons
| ndustrial (None) M LHDBK- 1003/ 17 See 3.17
Ventil ation

Ener gy (None) M LHDBK- 1190 See Navy
Conservati on Criteria
Kit chen See 3.18

Ventil ation

Laundry See 3.19

) UPS and m crowave equi pnent battery roons
n) Emergency generator roons
n) Satellite conmmunication ground stations
o) Shielded encl osures
p) Automated data processing (ADP) centers
g) Cceanographic facilities
3.6 Air Cargo Terminal. Provide climate control in offices

and conputer room Provide for chilled water cooling of
equi pnent as required.

3.7 Aircraft Line Operations Building. Wen heating is
required for novable structures, provide snmall oil-fired room
heaters bearing the | abel of Underwiters' Laboratories, Inc.
(UL) where required. Electric heat nay be considered as a nore
economi cal alternative.

3.8 Phot ographi c Building. Ensure that ventilation
provided in the color filmprocessing roomis adequate to renove
heat and funes from equi pnent. Fresh air intake and interior
return vents shall be filtered and ventilation shall produce

m ni mum air novenent (approximately 15 feet per mnute) to
prevent agitation of settled dust. Design exhaust ventilation
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system for chemical mxing roomto maintain air in the breathing
zone free of chemcals. (Refer to Section 2 of M L-HDBK-1003/17
for reconmmended design procedures.) The exhaust fan and venting
of automatic processing equi pnent shall not re-introduce exhaust
fumes into the fresh air intake.

3.9 Naval Air Station Control Tower. Renpbte transmtters
and receivers associated with towers usually require air
conditioning. |If renote buildings are associated with towers,

provide a central alarmsystemfor out-of-service conditions such
as high tenperature. Forced ventilation or air conditioning
shall be provided for the control cab for personnel confort and
for electronic equipnent roons to neet tenperature and humdity
requi rements of el ectronic equi pnent. Conduct a thorough

anal ysis of the solar heat gain to ensure proper sizing of the
cooling equi pnent. Provide for manual adjustnent of thernostats
to control air conditioning by control cab occupants. Provide
for enmergency ventilation for the control cab utilizing the air
condi tioni ng supply duct.

3.10 Li quid Oxygen and Nitrogen Facilities. Design
ventilation systens to provide personnel confort and adequate
renoval of fugitive gas em ssions.

3.11 Mai nt enance Facilities for Ammunition, Explosives, and
Toxics. These facilities include:

a) Ceneral ammunition maintenance shops
b) Bonb-type ammuni tion mai nt enance shops
c) Propellant powder nai ntenance shops

d) Air and underwater weapons shops

e) Quality evaluation | aboratory

3.12 Ceneral Miintenance Facilities. Building types
I ncl ude:

a) Mdtorized vehicle naintenance

b) Transportation refueled repair

c) Construction and wei ght handl i ng equi pnent
d) Railroad equi pnent

e) Marine Corps notor vehicle naintenance
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f) Weapons nmi nt enance

g) Electronic and comuni cati on mai nt enance

h) Container repair and test

) NFESC Drum reconditioning

j) Mechani cal equipnent calibration

k) Aircraft ground support equi pnent

) Gound support equi pnent hol di ng

m Battery shop

n) Public works mai ntenance
Refer to 29 CFR 1910.94, .106, .107, and .108 for ventilation
requirenents related to specific operations, e.g., abrasive
bl asting, painting, buffing and grinding, dip tanks, and chem cal
st or age.
3.13 Hospital, Dental, and Medical Facilities. Mlitary
Standard (M L-STD)-1691, Construction and Material Schedule for
Mlitary Medical and Dental Facilities provides utility
requi renments for nedical equipnent to assist in determ ning heat

gains, ventilation requirenents (e.g., fune hood exhaust), and
st eam connections (e.g., sterilizers).

3.14 Fam |y Housing. Provide access for naintenance of
mechani cal equi pnent and devices. For safety, protect nechani cal
spaces and equi pnent with strong door catches or shielding from
noving parts and controls. Provide ducted exhaust fans with
backdraft danpers for kitchens and interior bathroons. Size

bat hroom fans for 10 air changes per hour m ninmum Kkitchen
exhaust fans for 15 air changes per hour m ni numor 50 cubic feet
per mnute per linear foot of range hood. Refer to

M L- HDBK- 1035, Family Housing for requirenments on attic exhaust
fans, evaporative cooling, and air conditioning.

3.15 Bachel or Enlisted Quarters. Refer to M L-HDBK-1036
Bachel or Quarters for procedures to cal cul ate heating and cooling
| oads, equi pnent sizing, and design reconmendations; except that
ventilation requirenents shall be in accordance w th ASHRAE

St andard 62.
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3.16 Bachelor Oficer Quarters. Refer to M L-HDBK-1036 for
procedures to cal cul ate heating and cooling | oads, equi pnent
si zing, and design reconmendati ons; except that ventilation
requi renments shall be in accordance with ASHRAE Standard 62.

3.17 Industrial Ventilation. The scope of this handbook is
limted to HVAC systens. Refer to ML-HDBK 1003/17 and ACA H
Industrial Ventilation - Manual of Recommended Practice. Design
for sufficient makeup air for buildings wth industri al
ventil ati on exhaust systens to limt building negative pressure
to 0.05-inch water gage. |Introduce air into spaces wth exhaust
hoods at | ow velocities to prevent interference with hood
performance. Treat air exhausted outdoors to conformwth | ocal
and Federal em ssion standards.

3.18 Kitchen Ventilation. Qutdoor air supplied to the

di ning area shall be used as kitchen makeup air. [|f kitchen
exhaust air volume exceeds dining area outdoor air requirenents,
additional air shall be supplied directly into the kitchen.

Qut door air supplied directly to the kitchen shall be filtered
and heated, and introduced horizontally at or near the ceiling to
provide m xing without directly causing drafts at cooking | evels
or on kitchen personnel. The m ninmumventilation rate for
non-air conditioned kitchens is 30 air changes per hour in
tenperate zones. The mninmumin the tropics or sem-tropics is
60 air changes per hour. Air exhausted through range and kettle
hoods is considered part of the kitchen ventilation system

Refer to M L-HDBK-1190 for guidance in the application
of air conditioning. Air volunme supplied during the heating
season to air conditioned kitchens shall be limted to vol une
requi red by various hoods. |In air conditioned kitchens, design
the supply system so that hoods exhaust primarily unconditioned
air and recircul ation of kitchen odors is mnimzed. Al so,
eval uate the feasibility of evaporative cooling in lieu of air
conditioning. In non-air conditioned kitchens, design the supply
system for cross ventilation.

3.18.1 Ki t chen Equi pnent Exhaust Hoods. Provide grilles,
ovens, ranges, kettles, and di shwashers w th exhaust hoods, and a
means for precipitating and di sposing of grease where applicable.
Hoods shall be capabl e of extracting grease using centrifugal
force. Exhaust systens shall conformto NFPA 96, Ventilation
Control and Fire Protection of Commercial Cooking Operations.

3.18. 2 Exhaust Systens. Fan notors for exhaust systens in
kitchen, dining, and related areas shall be |ocated out of the
air stream Do not |ocate volunme danpers or splitters between
the hood and fan. Duct velocity shall range between 1500 and
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1700 feet per mnute to naintain particulate matter in
suspension. Provide accesses for cleaning ducts w thout
di smant | i ng.

3.18.3 Fire Protection. Refer to ML-HDBK-1008B, Fire
Protection for Facilities Engineering, Design, and Construction.
Ranges, ovens, broilers, deep-fat fryers and ot her appliances
that present fire hazards shall have exhaust hoods, ducts, and
fans. Install high-limt thernostats in exhaust ducts as near as
possible to the hood to protect the hood exhaust system from
grease fires. For nore information, refer to ASHRAE Handbook.
Exhaust fans for hoods with dry chem cal extinguishing systens
shall remain on when the extinguishing systemis activated.
Simlarly, exhaust hood and ductwork danpers shall remain open
when the extinguishing systemis activated. For other types of
exti ngui shing systens, the fan shall be turned off.

An easily accessible, independent and well identified
manual switch shall be provided for the fire extinguishing system
of each hood. Do not install volunme control danpers in range and
ki tchen hood exhaust ductwork, but provide a fire danper in the
outlet, except in ductwork with extinguishing systens. In
addi tion, provide an automati c hood cl eani ng system

3.18. 4 Cal cul ation of Exhaust Hood Air Volune Rate. To
cal cul ate actual exhaust rate required for kitchen equi pnent
exhaust hoods, apply the foll ow ng procedure:

a) Determne, for each item of kitchen equi pnent, the
equi pnent type, fuel type, and ventilator type; and determ ne the
equi pnent wi dth, depth, and surface area, including work tables
fromthe kitchen equi pnent plan requirenents.

b) Select the appropriate thermal current velocity
fromTable 4 for each piece of equipnent.

c) Select the appropriate safety factor from T Table 5
for each item of equi pnent.

d) Calculate the duty group cfm per foot of wdth for
each item of equipnent by nultiplying the equi pnent area tines
the thermal current velocity tinmes the safety factor, and divide
the result by the equi pnent w dth.

e) Cassify each itemof equipnment into its duty group

i n accordance with Table 6, and assign the appropriate standard
air volune rate for each item of equi pnent.
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f) Calculate the total kitchen exhaust airflow for
each item or equi pment by nultiplying each assigned standard air
volunme rate tinmes the wwdth of its respective item of equipnent.

g) Add the total exhaust airflow for each item of
equi pnent | ocated beneath an individual kitchen hood, to
determ ne the hood required airflow quantity.

Provide a table of calculations for the kitchen equi pnent exhaust
hoods in the design cal culations; include the data and
cal cul ations fromthe above subparagraphs a) through g).

Table 4
Thermal Currents Charts

Equi pnent Appr oxi mat e Thermal Current Velocity

Sur f ace (Feet Per M nute)

Tenperature

(Degrees F)

ELECTRI CI TY GAS

D shwashers, Ovens,
Steaners, and Kettles 210 20 25
Brai si ng and Pans 150 30 50
Chi cken Broaster 350 35 55
Fryers 375 35 60
Giddl es and Ranges 375 35 40
Hot Top Ranges 800 85 100
Sal amander s, Hi gh 350 60 70
Broilers
Grooved Giddles 500- 600 65 75
Charbroilers 600- 750 75 175
Broilers (Live Charcoal) 1500 -- 200
Work Tops, Spreaders, -- 5 5
et c.
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Table 5
Safety Factor Chart

Ventil ator Type Mul tipliers
Backshel f 1.05
Passover 1.15

Ceneral All-Purpose

Wall Mount: End d osed 1. 05
End Open 1.20
Island Style: Single 1.50
Doubl e 1.30
Table 6
Duty G oup Chart
G oup Range Standard Air Vol une
(cfm ft) (cfmft)
Li ght Duty 0 to 150 150
St andard Duty 151 to 250 250
Heavy Duty 251 to 300 300
Extra Heavy Duty 301 to 400 400

3.18.5 Exhaust Hood Heat Recovery. Heat recovery for kitchen
exhaust hoods should only be considered for commercial size
kitchen when |ife cycle cost effective and when buil di ng design
cannot neet the energy budget. Manufactured heat recovery
nodul es for comrercial size kitchen hoods are avail able. These
nodul es typically use a heat pipe nethod of heat recovery, but
several configurations are available. Al so, heat exchanger

equi pnent shoul d be |located at ground | evel for easy access to

I nspect, maintain, and renove for shop cleaning. The key

vari able for heat recovery feasibility is hours of operation. An
intermttently used exhaust may not have sufficient operating
hours for heat recovery to be cost effective.
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3.18.6 Air Curtains. Air curtains designed as fly screens
shal | be provided on exterior entrances to food preparation
areas, but they shall not be required if the entrance is to be
used only as an energency exit. Wen air curtains are nounted in
| ocations significantly above normal door heights, curtain air

vel ocities and noise levels shall be verified by the designer.
Eval uate the feasibility of using air curtains for conditioned
area openings to | oading docks or simlar service areas. For
nmore information, refer to ASHRAE Handbook seri es.

3.19 Laundri es

a) Due to high heat rel eases from processing
equi prent, laundries generally do not require space heating
systens where m ni nrum anbi ent winter tenperature is above 50
degrees F. For |ower anbient tenperatures, provide unit heaters
to mai ntain space tenperatures above 40 degrees F during
unoccupi ed periods. Unit heaters can be direct fuel fired
(vented) type or steamor hot water coil type.

b) Ventilation cooling is generally required year
around during occupi ed periods. Provide 30 air changes per hour
for tenperate zones and 60 air changes per hour in tropic and
sem -tropic zones. For w nter design tenperatures bel ow 50
degrees F, ventilation air should be tenpered. |If life cycle
cost effective, heat recovery fromexhaust air is the preferred
nmet hod of tenpering nakeup air using one of the systens
illustrated in Figures A-4 through A-8. (O her acceptabl e nethods
of tenpering include direct fired duct heaters and steam or hot
water coils with full flow through the coils and face and bypass
danpers for tenperature control. Provide a low limt thernostat
in the discharge fromthe coil to stop the fan for freeze
protection.

c) Spot cooling can be provided for fixed stations
such as ironers, presses, and nmangles. Evaporative cooling can
be an effective neans of cooling air in nost geographic areas.
Consi der supplying air at the operator's feet with air
di stribution below a raised platform provide individual operator
control of air supply.
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d) Provide clothes dryer vents independent of other
exhaust systens. |nclude a nmakeup system for systens exhausting
nore than 200 cubic feet per mnute. |If the exhaust duct exceeds
the manufacturer's reconmmended | ength, provide a fan sized for
maxi mum cubi ¢ feet per mnute of dryer(s). Specify gal vanized
steel or alum num exhaust ducts wi thout fasteners that could trap
lint. Limt duct velocity to 2000 feet per mnute. Calculate
fan static pressure fromthe point of the nost distant vent
connection to the exhaust duct to the exhaust air discharge.
Provi de access in the duct for cleanout every 10 feet and at the
bottom of vertical risers. Provide a backdraft danmper w thout
bird or insect screen at the exhaust air discharge. Locate the
fan out of the exhaust air stream |Interlock the exhaust fan
(and nmakeup air systemif provided) to operate when any dryer
oper at es.
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Section 4: | NFORVATI ON REQUI RED ON DRAW NGS

4.1 General. Drawi ngs shall provide a clear presentation
of system design, and shall include itens noted in project
specifications by such terns as "where indicated,” "as shown,"

etc. Refer to the local A/E Guide for additional requirenents.
Provi de conplete details of equipnent, systens, and controls on
project drawi ngs as follows:

4.1.1 Identification of Drawings. Ensure that the draw ngs
list, sheet nunbers, and sheet titles on nmechanical sheets match
exactly as shown on the cover sheet and in specifications.

4.1.2 Equi pnent Schedul es. Provi de schedul es of mechani cal
equi pnent .
4.1.3 Duct Pressure Cassifications. |Include duct pressure

classifications on drawi ngs to ensure ducts neet SMACNA
construction standards. Evaluate the effect of closed fire
danpers on duct pressure when determ ning pressure
classification; include pressure relief devices as required to
limt pressure buildup. See Figure 10 for exanples or follow
SMACNA.

4.1.4 Ri ser Diagrans. Riser diagrans drawn to vertical scale
shoul d be provided for nechanical systens in nmulti-story
bui l dings. These shall indicate size changes in vertical piping

runs. See Figures 38 and 39 for exanpl es.

4.1.5 Controls. Include schematics (control | oops) and

| adder di agranms (see Figures 33, 34, and 35 for exanples),
sequences of operation, and equi pnment schedul es (see Tabl es 15,
16, and 17 for exanples). Include the following information to
t he maxi num ext ent possible w thout being proprietary:

a) The schematic should show control | oop devices and
per manent i ndicating instrunmentation, including spare thernoneter
wel | s.

b) Schematic and | adder di agrans should show i nterface
poi nts between field installed HVAC control systens, factory
install ed HVAC control systens (e.g., chiller and boiler
controls), fire alarmsystens, snoke detection systens, etc.

c) The | adder diagram should show the rel ationship of

devi ces within HVAC equi pnent (e.g., magnetic starters) and ot her
control panels.
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d) The equi pnment schedul e should show i nformati on t hat
the vendor needs to provide instrunentation with properly
cali brated ranges; to select proper control valves and associ ated
actuators; to adjust control system devices for sequencing
operations; to configure controller paraneters, such as setpoints
and schedules; and to set the control systemtine clocks.
I ndi cate control valve flow coefficient (Cv) and pressure drop
for every control valve.

e) Locations of devices and instrunentation should be
i ndi cated. Provide space, access, lighting, and appropriate
nounting heights to read the instrunentati on and set control
devi ces.

f) Provide electrical surge protection on HVAC control
devices as required to protect the DDC and EMCS.

g) Each control system shall have a sequence of
operation. The sequence of operation should be shown on draw ngs
adj acent to the schematic. After a standard has been adopted by
i ndustry, provide graphical schematics for sequence of operation
of DDC systens on draw ngs.

h) Provide an input and output schedul e for DDC
systens. Schedul e shall include a description of the device,
type of point, and any special requirenents.

i) A comm ssioning procedure for tenperature controls
shoul d be specified and should detail how the vendor w Il inspect
calibrate, adjust, comm ssion, and fine tune each HVAC control
system Refer to par. 8.6.

j) Project specifications should specify the
coordi nati on of HVAC system bal ancing with the tenperature
control systemtuning. Specifications should require that
bal anci ng be conpl eted, the m ni mum danper positions be set, and
t he bal anci ng report be issued before the control systens are
t uned.

k) Project specifications should list submttal
requi renments for the vendor.

4.1.6 Mai ntainability. Lack of maintenance contributes to
poor performance of nost systens throughout the Navy's shore
facilities. This is due primarily to poor working conditions
brought about by |ack of design detail on drawings to ensure an
installation with adequate accessibility for ease of operation
and mai ntenance. Equally inportant are drawi ngs that clearly
represent the intended system arrangenent and describe system
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operation. To preclude this in the future include the follow ng
on draw ngs:

a) ldentification of floor area required to renove
equi pnent conponents such as filters, coils, heat exchanger
tubes, bearings, etc. In equipnent roons, require that floor
space be identified by striping with yell ow paint.

b) Equi pnent el evations and room sections to clearly
identify equi pnent arrangenent which provides sufficient access
for equi pnment operation and nai nt enance.

c) Location of permanent | adders, catwal ks, and
platforns required to access and nmi ntai n overhead equi pnent.
M nimze the use of el evated equi pnment wherever possible.

d) Use two dinensional pipe drawings (wth dinmensions
i ndi cated as necessary) for congested spaces to ensure that
equi pnent and piping will be installed as intended with adequate
per sonnel space avail able for operation and nai ntenance.

4.1.7 Synbol s and Abbrevi ati ons

4.1.7.1 Ceneral. Provide a list of synbols and abbrevi ations
on the title sheet of the project. Use synbols and abbrevi ations
that are common to the trade as contained i n ASHRAE handbooks.

For larger projects, each discipline may have their correspondi ng
lists on the first sheet of their group of draw ngs.

4.1.7.2 Specifics. Limt synbols and abbreviations to itens
that are actually in the project. Limt abbreviations to itens
that occur nore than once in the project.

4.1.8 Bui l ding Colum Lines and Room Nanes. Ensure that
bui l ding columm |ines and room nanes are identical to those shown
on architectural draw ngs.
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Section 5: LOAD CALCULATI ONS

5.1 General. Refer to par. 2.1.1.2 for the selection of
out door and i ndoor design conditions. Mnual procedures provided
bel ow for determ ning heating and cooling | oads are generally
only applicable to small systens (e.g., heating systens |ess than
200, 000 Btu per hour and cooling systens |ess than 10 tons).
Conmputer prograns are available that will provide nore precise

| oad determi nations and the tinme of day with the hi ghest cooling
| oad. The highest heating |oad is assuned to occur just before
dawn; therefore, this should be considered in the design heating
| oad.

5.2 Heati ng Load

5.2.1 Tr ansni ssi on

EQUATION. Q=U* A* (T, - Ty (1)

wher e: Q = Btu/hr heat loss by transm ssion
U = heat transfer coefficient (look this up in a
handbook for your particular wall, floor, roof, etc.),
A = area of the surface (wall, w ndow, roof, etc.),
T, = inside design tenperature, and

T, = outside design tenperature.

Use this fornula to conpute heat transm ssion | osses
fromeach el enent of the building skin (e.g., walls, w ndows,
roof, etc.). Note that attic and craw space and ground
tenperature are different from outdoor tenperatures.

5.2.2 Infiltration and Ventilation. To determ ne the heating
| oad use the larger of the infiltration and ventilation | oads.

Qut door air provided for ventilation should exceed the air
exhausted by 10 to 15 percent to mnimze infiltration. The

desi gner nmust use judgnent on the anount of excess supply air to
I ncl ude based on nunber and type of w ndows and doors.

EQUATION:. Q= 1.10 * CFM* (T; - To) (2)
wher e: CFM = cubic feet per mnute of outdoor air, and

Q = the sensible heat |oss, Btu/hr.

41



M L- HDBK- 1003/ 3

This section does not apply to industrial ventilation
systens, e.g., systens to control funes, vapors, and dust from
such processes as plating, painting, welding, and woodwor ki ng.
Refer to the M L-HDBK-1003/17 and ASHRAE Handbook, HVAC Systens
and Applications, for guidance on design of these systens. The
EFD or EFA and the Naval Facilities Engineering Service Center
(NFESC) can provi de additional assistance.

5.2.3 Total Heating Load. Sumthe transm ssion |oads with
infiltration and ventilation |oads to get the total heating | oad.
To this conputed total heating |load, add the following to size
central equipnent (do not apply these factors when sizing

term nal equi pment such a finned-tube radiation, fan-coil units,
etc.):

a) Exposure factor (prevailing wind side) up to 15
percent .

b) Pickup (for intermttently heated buildings with
primary heat sources such as boilers, steamto-water heat
exchangers, etc.) 10 percent.

c) Buildings with night setback. A residence with 10
degrees F setback requires 30 percent oversizing for acceptance
pi ckup and m ni mum energy requirenents.

5.3 Cooling Load. Conputation of the peak cooling | oad can
be a difficult effort. Heat gain is conposed of or influenced by
t he conduction heat gain through opaque portions of the building
skin; the conduction plus solar radiation through w ndows and
skylights; the building internal |oads such as people, lights,
equi pnrent, notors, appliances, and devices; and outdoor air |oad
frominfiltration. For sizing VAV systens, calculation of | oads
has nore stringent requirenments. Refer to Appendix C.

5.3.1 Transm ssi on

5.3.1.1 VWal |l s and Roof

EQUATION. Q=U* A* (T, - T;) (3)
Refer to par. 5.2.1 for definition of terns.
5.3.1.2 d ass

a) Transm ssion

EQUATION. Q=U* A* (T, - T;) (4)
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b) Solar Heat Gain
EQUATION:. Q= A * (SC * SHGF)
wher e: SC = shadi ng coefficient, and
SHGF = solar heat gain factor (look up the SHGF in a

handbook (e.g., ASHRAE Handbook, Fundanentals) for each exposure
and type of glass).

5.3.2 Infiltration and Ventil ati on

a) Sensible
EQUATION. Q = 1.10 * CFM* (T, - T;) (5)
b) Latent
EQUATION. Q = 4840 * CFM* W (6)
where: W= change in humdity ratio (Ib water/Ib air).
c) Ventilation Rates. Refer to ASHRAE Standard 62 or

contact the EFD or EFA for ventilation requirenents for spaces
not |isted bel ow

Audi toriuns, theaters 15 cfm person
Barracks (sl eeping roons) 15 cf m person

Bedr oom 30 cfniroom

Cl assroom 15 cfnm person
Comruni cati on centers 20 cf m person

Conf erence roons 20 cf m person
Corridors 0.1 cfmsqg ft

Di ni ng 20 cf m person

Kit chens (conmerci al) (refer to Section 3)
Lobbi es 15 cfnm person
Locker, dressing roons 0.5 cfmsqg ft
Lounges, bars 30 cf m person

O fices (wth noderate snoking) 20 cf ni person

Snmoki ng | ounge 60 cf ni person
Toilet, bath (private) 35 cfniroom

Toil et (public) 50 cfnfwater closet or urinal

The total corrected outdoor air requirenent for central
systens suppl ying spaces with different ratios of
outdoor-air-to-supply-air is determined fromthe foll ow ng:

EQUATION. CFM,, = Y * CFM, (7)
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wher e: CFM,; = corrected total outdoor air quantity,

CFM;; = total systemairflow (i
to all spaces), and

Y = corrected fraction of outdo
EQUATION. Y =X (1 + X- 2) (8
where: X = CFM,,/ CFM;¢,

Z = CFM,c/ CFM,

. e.,

or air, or

sum of air supplied

CFM,5 = uncorrected sum of outdoor airflow rates for

spaces on the system

CFM,. = outdoor air required for critical

CFM,. = supply air to the critical space.
space is that space with the greatest required fraction of

outdoor air in the supply to that space.

d) VAV systemventilation iss
Appendi x C.

5.3.3 | nt ernal Loads

5.3.3.1 Peopl e Loads. Adjusted (norma

ues. Refer to

space, and

The critical

| mal e/ femal e/child).

Sensi bl e Lat ent

Ofice (seated light work, typing) 255 Bt u/ hr 255 Bt u/ hr
Factory (light bench work) 345 Bt u/ hr 435 Bt u/ hr
Factory (light machi ne work) 345 Bt u/ hr 695 Bt u/ hr
Gymasi um at hl eti cs 635 Btu/ hr 1165 Bt u/ hr
5.3.3.2 Li ghts and Equi pnent

a) Lights
EQUATION. Q= 3.41 * W* F,| * Fgg (9)
wher e: W= total |ight wattage,

F, = use factor, and

F<, = special allowance factor for fluorescent fixtures

.. sa :
or for fixtures that release only part of their

condi tioned space.

44

heat to the



M L- HDBK- 1003/ 3

b) Equi pnent

(1) Mtors within conditioned space or within
ai rstream

EQUATION. Q= 2545 * HP * F; o * Fyn (10)
Em

wher e: HP

not or hor sepower,
E,, = notor efficiency,
Fim = motor load factor, and
Fum = nmotor use factor.
(2) Appliances and equi pnent, such as business
machi nes and conputers. Refer to ASHRAE Handbook, Fundanental s

or contact the EFD or EFA for assistance in determning sensible
and | atent heat gains from kitchen equi pnment.

EQUATION. Q = 3.41 * W* F, (11)
wher e: Q = sensible |oad,

W = appliance wattage, and

Fue = equipnment use factor.

c) Heat Gain From M scel | aneous Sources
(1) HVAC Fan Mbtors (Qutside the Airstrean).

Thirty-five percent of the input to an HVAC fan notor is
converted to heat in the airstream because of fan inefficiency.

Refer to par. 5.3.3.2 b)(1).

(2) HVAC Fan Motors (Wthin the Airstream. The
notor load is converted to heat. Refer to par. 5.3.3.2 b)(1).

(3) Duct Leakage. Loss of supply air due to duct
| eakage shall be conmpensated by system capacity as foll ows:

(a) Well designed and constructed system
i ncrease fan capacity by 3 percent.

(b) Poorly designed and constructed system
i ncrease fan capacity by 10 percent.
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Section 6: Al R DI STRI BUTI ON

6.1 Duct Design for HVAC Systens

6.1.1 Sizing General. See Figure 2 for duct sizing. ASHRAE
Handbook, Fundanentals recogni zes three nethods of sizing
ductwork: the equal friction nethod, the static regain nethod,
and the T-nethod. For design of small sinple systens, the equal
friction method wll suffice. Use the static regain nethod for
VAV design (refer to Appendix C).

6.1.2 Equal Friction Method Sizing. Select a constant
pressure loss in inches of water per 100 foot |ength of duct from
the preferred part of Figure 2. The preferred part of Figure 2
I's between 0.08 and 0.6 inches of water per 100 feet friction

|l oss for air quantities up to 18,000 cfm and between 1800 fpm
and 4000 fpmfor air quantities greater than 18,000 cfm Use | ow
velocities and a low friction drop for snmall projects, or where
ductwork is cheap and energy is expensive. For systens of 18, 000
cubic feet per mnute and over, use a friction loss of 0.08 and
vel ocities of 1800 to 3000 feet per mnute. After sizing the
entire systemat the selected unit pressure drop, go back and

adj ust velocities and pressure drops in the shorter branches to
equal i ze the pressure drops at each duct branch junction. The
desi gner nust observe the recomended perm ssi ble room sound
pressure | evels for various applications discussed in NFGS-15895,
Duct work and Ductwork Accessories.

6.1.3 Duct wor Kk Gener al

6.1.3.1 Round Ducts. Use round ducts wherever possible. Under
normal applications, the m ni mum duct size shall be 4 inches in
di aneter. Use snooth curved el bows as nmuch as possible. |If
these are not avail able, use three-piece elbows for velocities
bel ow 1600 feet per mnute and five-piece el bows for velocities
above 1600 feet per mnute. The throat radius shall not be |ess
than 0.75 tinmes the duct dianeter.

6.1.3.2 Rect anqul ar Ducts. Use a m ninmum duct size of 6 inches
by 6 inches. \Were possible, keep one di nension constant in
transitions and do not meke transitions in el bows. Mke
transitions in sides and bottom of the duct keeping top level to
mai nt ai n maxi mum cl earance above ceiling. The transition slope
shall be 30 degrees on the downstream \Were ductwork is
connected to equipnent fittings such as coils, furnaces, or
filters, the transition shall be as snooth as possible. Draw ngs
shall indicate ductwork pitch, | ow spots, and neans of di sposing
of the condensate. El bows shall be snmooth, wth an inside radius
of 1.0 tinmes the width of the duct. Were space constraints
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dictate use of mtered el bows, such el bows shall have single

t hi ckness turning vanes. Using doubl e thickness turning vanes

i nstead of single thickness vanes increases the pressure | oss of
el bows by as nuch as 300 percent. Use the circular equivalents
tabl e i n ASHRAE Handbook, Fundanentals instead of matching areas
when you change aspect ratios. The aspect ratio is the ratio of
| arger to smaller rectangular duct dinmension. Try to use an
aspect ratio of 3 to 1 with a maxi num aspect ratio of 6 to 1 or

| ess.

6.1.3.3 Access Doors. Show access doors or panels in ductwork
for apparatus and devices for maintenance, inspection, and
servi ci ng.

6.1.3. 4 Fl exi ble Ducts. To save construction expense, flexible
duct may be used to connect ceiling outlets. Limt the |ength of
flexible ducts to straight runs of 5 feet. Seek sel f-bal ancing
by havi ng equal |engths of flexible ducts instead of |ong and
short lengths on the sane branch. Do not use flexible ducts for
el bows, including connection to diffusers; provide el bows at
ceiling diffusers. Do not use flexible ducts in industrial

ventil ation systens.

6.1.3.5 Rooft op Ductwork. Rooftop ducts exposed to the weat her
can leak rain water. Exterior insulation tends to have a short
life. One way to avoid such problens is to put insulation inside
t he duct, and then use gal vani zed steel ductwork wth sol dered
joints and seans. Exterior insulation shall have weatherized
coating and w appi ng throughout, where it nust be used; such as
on kitchen exhaust hoods contai ni ng grease.

6.1.3.6 G ass Fiber Ductwork. Investigate the bidding climate
I n your |ocal area before deciding that ductwork made from gl ass
fiber panels will always be | ess expensive than gal vani zed st eel
ductwork. Fiberglass ductwork should be coated inside to avoid
bacteria growh. 1In sonme parts of the country the sheet neta
subcontract or can nmake or buy netal ducts nmade on an automatic
machi ne at conpetitive prices.

6.1.3.7 Bal anci ng Danpers for HVAC. Provide bal anci ng danpers
on duct branches and show danpers on drawi ngs. See Figure 3 for
danper installation. Use extractors or volune danpers instead of
splitter danpers at branch connections. Do not use splitter
danpers since they nmake ductwork nore difficult to bal ance than a
job with volune danpers. Provide access in the ceiling and

cl anpi ng quadrants for danpers or use a type with a renote
control that extends through the ceiling. Qutdoor air danpers
shoul d be | ocated away fromthe intake | ouver and after the duct
transition to mnimze exposure to weat her and oversi zing of
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danpers. Avoid using bal anci ng danpers for industrial
ventilation (1V) systens. Design |V ductwork so that the system
wi Il function properly w thout bal ancing danpers. Do not use

bal anci ng danpers when designing a VAV system A VAV systemwth
ductwor k designed using the static regain nethod and properly
sized VAV termnal units is inherently self-balancing. Refer to
Appendi x C for additional information.

6.1.3.8 Fi re Danpers and Snoke Danpers

a) Fire Danpers. The term"fire danper" usually neans
a curtain type danper which is released by a fusible |ink and
cl oses by gravity or a nechanical spring. Fire danpers are
mounted in walls of fire rated construction to ensure integrity
of the space. Fire danpers should be installed where the passage
of flame through a fire rated assenbly is prohibited. Refer to
par. 4.1.3 for duct pressure classification requirenents.

b) Conbination Fire and Snoke Danpers. The term
"conbi nation fire and snoke danper" usually neans a fire danper
which is automatically controlled by an external source (such as
a fire alarmcontrol panel or energy nmanagenent systen) to stop
passage of both fire and snoke. Conbination fire and snoke
danpers should be installed where passage of fire or snoke is
prohi bited. Activation of conbination fire and snoke danpers can
be by several nethods including pneumati c danper operators,
el ectric danper operators, and electro-thermal |inks.
El ectro-thermal |inks include expl osive squi bs which are not
restorable and McCabe type |inks which are restorable.
Pneunatical |y operated danpers are the preferred nethod of danper
activation, and should be configured in the fail-safe nbde such
that | oss of pneunmatic pressure will result in danpers closure.

In el ectroni c data processing roons, conbination fire
and snoke danpers should be installed in walls with a fire
resistance rating of 1 hour or greater. |n other type spaces,
either fire danpers or conbination fire and snoke danpers shoul d
be installed in walls with a fire resistance rating of 2 hours or
greater. \Were a snoke danper is required to stop passage of
snoke through a barrier (e.g., hospitals), the installation of a
conmbi nation fire and snoke danper is required.

c) Munting Details. Fire danpers and conbi nation
fire and snoke danpers nust remain in the wall during a fire.
Though ductwork may col | apse, the danper should remain in the
fire rated assenbly, therefore, indicate on drawi ngs the details
for attaching danpers to the wall. Use UL |isted firestopping
mat eri al s between the danmper collar and the wall, floor, or
ceiling assenbly where penetrat ed.
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6.1.3.9 Fan System Effect Factors. Fans are tested and rated
based upon a certain standard ductwork arrangenent. |If installed
ductwork creates adverse flow conditions at the fan inlet or fan
outlet, loss of fan performance is defined as a system effect
factor. The systemeffect factor can be caused by obstructions
or configurations near the fan inlet and outlet. For exanple,
failure to recogni ze the affect on performance of swirl at the
fan inlet wll have an adverse effect on system performance. See
Figure 4 for nethods to mnimze fan systemeffect factors.

Refer to Air Mivenent and Control Association (AMCA) 201, Fans
and Systens for additional information on fans and system
effects.

6.1.4 Ductwork Details

6.1.4.1 Branches. See Figure 5 and Figure 6.
6.1.4.2 El bows. See Figure 7.

6.1.4.3 Ofsets and Transitions. See Figure 8.

6.1.5 Testing and Bal ancing. Ensure duct design includes
adequate provision for testing and bal ancing, including straight
sections of duct with ports for velocity neasurenent. Air
straighteners may be required if sufficient |engths of straight
duct are not avail abl e.

6.2 Fans for HVAC Systens

6.2.1 Fan Sel ection

6.2.1.1 Maj or Types of HVAC Fans. See Table 7.

6.2.1.2 Size. In nost applications, the fan capacity required
is a function of heating and cooling | oads, except where there is
a mninmum prescribed air novenent, such as an operating suite in
a hospital

For the total room sensible heat |oad, calculate the
m ni mum supply air quantity to satisfy the sensible heat |oad as
fol | ows:

EQUATION. CFM = Q/ (T, - Tg) * 1.10 (12)
wher e: CFM = supply air quantity (cubic feet per mnute),
T, = roomdesign tenperature (degrees F dry bulb), and

r

T

s supply air tenperature (degrees F dry bul b)
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The quantity of supply air shall also be cal cul ated
using the cooling | oad cal culation fromequation (5) of
par. 5.3.2.

Add the extra dehum dification |load of ventilation air
(due to lower roomhumdity) to the grand total heat | oad.

6.2.1.3 Sound Rating. In large central systenms, one should
start with the noise limt that my be tolerated in the sel ected
roomcriteria and than work backwards through the systemto the
fan. ASHRAE Handbook, HVAC Systens and Applications contains
noi se gui dance, and Arny TM 5-805-4 gives noise criteria for

vari ous roomtypes. See Table 2-1 of Arny TM 5-805-4 for i ndoor
noi se criteria.

By isolating the fan on vibration pads, selecting a fan
in the efficient range, and utilizing the attenuation of
ductwork; the fan and air noise can be controlled. Refer to the
fan manufacturer's data sheet for fan noi se val ues.

6.2.1.4 Static Pressure Requirenent. To select a fan fromthe
fan manufacturer's fan curves, it becones necessary to establish
the systemstatic pressure requirenent as well as the vol une of
air delivery. Wth sone types of packaged equi pnment, this rating
Is called "external static pressure" and static pressure drops
required by coils, filters, etc., inside the equi pnent have

al ready been allowed. Wth central systemfans, however, the
static pressure requirenent in the entire system nust be
established to select the total fan static pressure. Verify how
I ndi vi dual manufacturers rate their equi pnent and check their
curves and tables for systemeffects. Select fans so that they
wll remain stable and not overload at any operating condition.

a) Pressure Drop of Air Handling Systens. Pressure
drop calculations of air handling systens shall include:

(1) CQutdoor air intake |ouvers,

(2) Danpers,

(3) Air filters (average between clean and dirty),
(4) Heating coils,

(5) Cooling coils (wet, dry, or sprayed
condi tion),

(6) Misture elimnators,
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*S SUP OR U CLIP OFTIONAL
ALL SUCH CONNECTIONS TO
BE SEALED

W o4 MiN.
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D, = 4" MIN.

VOLUME CONTROL SHOULD BE BY BRANCH DAMPERS.
if A SPLITTER 1S SHOWN IN THE DESIGN ITS
LENGTH SHOULD BE 1.5 W OR 1.5 Dy

Figure 5
Duct Branches
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Table 7
Maj or Types of HVAC Fans

Type HVAC Application
Centrifugal wth backward Large HVAC systens where fan
inclined airfoil blades energy efficiency becones

signi ficant
Backward i nclined centrifugal General HVAC

Forward inclined centrifugal Low pressure HVAC, mainly in
furnaces and package equi pnent

Vane axi al Ceneral HVAC where conpact size
and straight flow is wanted

Propel | er Equi pnrent room ventil ati on and
general ventilation for confort
cool i ng

(7) Fan entrance (including vortex danpers),

(8) Fan discharge (based on di scharge
configuration), and

(9) Velocity pressure loss (if fan outlet velocity
is lower than duct velocity).

b) Pressure Drop of Duct Systens. Pressure drop
cal cul ations of duct systens shall include:

(1) Straight unlined or |ined ductwork,

(2) Static pressure regain or |oss due to
transitions,

(3) Fittings,

(4) Branch takeoffs,
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(5) Qostructions,

(6) Fire and snoke control danpers,

(7) Regul ating danpers,

(8) Takeoff neck for air term nal devices,

(9 Air termnal devices, and

(10) Sound traps.
6.2.1.5 VAV Fan Sel ection. Wen selecting a fan for a VAV
system check fan operating characteristics throughout the range
frommni numto maxi num fl ow conditions operating conditions.
Fans shoul d not be selected that will becone unstable or
overl oaded for any operating condition. Fan manufacturer shall

be AMCA certified. Refer to Appendix C for additional
i nformation.

6.3 Econom zer Cycle. The econom zer cycle provides
cooling without refrigeration using outdoor air when outdoor air
dry bulb tenperature is below a predeterm ned tenperature where
the total heat of outdoor air is likely to be | ower than that of
the return air. Econom cs of the econom zer cycle is
particularly attractive for facilities that have interior zones
requiring year around cooling or for facilities wth internal
heat gai ns hi gher than heat | osses through the envel ope of the
buil ding. The econom zer cycle should only be used with approval
of the EFD or EFA. Refer to pars. 8.2, 8.3, 8.4, and 8.5 for the
recommended control sequence.

6.4 Term nal Equi prent. Conditioned air is delivered to
the room through term nal equi pnment such as grills, registers,
ceiling diffusers, etc. To achieve appropriate air diffusion

Wi thin the room the term nal equi pnent shoul d provide:

a) Mxing of conditioned air with roomair, and

b) Counteraction of natural convection and radiation
effects within the room

The schene used to deliver conditioned air to the room
depends upon room si ze, geonetry, exposures, and use patterns.
Qutlet types include grills and diffusers nounted in or near the
ceiling and floor or low sidewall outlets. Qutlet types should
be selected to adequately throw supply air across the room to
provi de good m xing to prevent drafts; to counter the buoyancy
effect of tenperature differences; and to avoid obstructions such
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as beans and light fixtures that could divert supply air directly
on the occupants. Linear slot diffusers are inportant in VAV
systens (refer to Appendix C).

6.5 Louvers

a) Louvers are used to admt supply air, discharge
exhaust air, or admt return air to the ductwork system Oten
these are detailed on architectural drawi ngs and installed under
architectural sheet netal because the architectural designer
wants to control the esthetics of the building exterior.
Consider the following in placenent of intake |ouvers so they
ar e:

(1) Not exposed to blowi ng dust, driving rain,
hi gh wi nds, auto exhaust funmes (l|oadi ng docks), embanked snow, or
falling | eaves.

(2) Away from known odors, airborne contam nants,
cooling towers, and industrial exhaust stacks (25 foot m ninmm.

(3) Away from building entrances where radi at ed
noi se fromthe fan equi pnent coul d be annoyi ng.

(4) Away from buildi ng exhaust air, building
pl unbi ng vents, and odors from kitchen hood exhausts, and
| abor at ory exhausts.

b) In the design of |ouver blades, a proper conpronise
nmust be made between maxi mum net free area and trappi ng of
wi ndblown rain. See Figure 9 for a typical rain resistant
| ouver.

c) Keep air velocities |low through | ouver intakes to
avoi d noi se and excessive pressure drops. Conpute pressure drop
based on the percent of free flow area for the | ouver and the
pressure drop through insect and bird screens.

d) For industrial ventilation systens with fume hoods,
makeup air should be introduced through a perforated ceiling,
ceiling panels, or perforated ducts to distribute the air
uni formy throughout the room

6. 6 Filters for HVAC Systens. Use high efficiency filters
only if the mssion requires clean air since they cost nore to
install and maintain, take nore space, and use nore energy. High
efficiency filters should be preceded by pre-filters to extend
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their life. Use the least efficient filter that wll satisfy
m ssion requirenents. Sone available filter types and their
applications include the follow ng:

Filter Type Appl i cati ons

Fl at t hr owaway W ndow air conditioners, warmair
furnaces, packaged unitary equi pnent,
central air handlers (when high
efficiency is not required)

Fl at per manent Sane as for flat throwaway but require
cl eani ng

Roughi ng or pre-filters For renmoving | arger particles ahead of
high efficiency filters to extend
filter life

Hi gh efficiency air Qperating roons, clean roons,

(HEPA) filters protective shelters

Renewabl e nedi a Large outdoor air systems with high
(aut o- cl eani nQ) dust | oads to reduce frequency of

filter changes; roughing or pre-filters

El ectrostatic For high efficiency with | ow pressure
drop (precede with pre-filter to reduce
cl eani ng requi renents)

Consi der al so the anbient dust |evel of the air.

A classic illustration of poor design is a building at
a desert station with low air intakes | ocated adjacent to an
unl andscaped heli pad. Each tinme a helicopter |ands or takes off,
huge quantities of dust are drawn into the HVAC filters. Wen
selecting a filter bank for an installation, consider the type of
fan and the fan curve. A packaged cabinet fan unit with forward
curved bl ades may not have sufficient static pressure to nmaintain
required airflowwith dirty HEPA filters.

6.7 Access for Inspection and Miintenance. Air

di stribution systens of an HVAC plant require access for

I nspecti on and mai ntenance. During design consider how filters,
notors, and fan belts will be replaced and cl eaned. Design
systens to avoid the follow ng:

a) Using a step ladder in the mddle of an office to
renove a ceiling tile and rig portable lighting to nmaintain
equi pnent .
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Blade a Birdscreen

Figure 9
Hooked Louver Blade

b) Need to crawl on hands and knees under ductwork carrying filters,
tools, etc.

c) Need to climb over a rooftop screening fence to get to roof
mounted HVAC equipment.

d) Use of a vertical ladder to open a roof hatch while carrying
filters, tools, etc.

e) Need to rig a portable walkway in a ceiling assembly to approach
a remote fan coil unit or other equipment.

6.8 VAV System Design. Unless VAV systems are well designed and
expertly installed, problems can develop. Refer to Appendix C for design
considerations.

6.9 Ductwork Pressure-Velocity Classification. It is essential that
ductwork pressure-velocity classification be specified clearly in drawings for

each duct system. Note the following:

a) Ductwork pressure-velocity classification may be different for
different ductwork systems.
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b) Ductwork pressure-velocity classification nmay be
different at different parts of any single duct system

c) SMACNA HVAC duct construction standards shoul d be
used for pressure-velocity classification.

d) SMACNA classifications are based on nmaxi num static
pressure as foll ows:

STATI C PRESSURE

Pressure C ass Operating Pressure

1/ 2" WG Up to 1/2" WG

1" WG Over 1/2" Wsto 1" WG
2" WG Over 1" Wsto 2" W5
3" WG Over 2" Wsto 3" WG
4" W5 Over 3" Wsto 4" W5
6" WG Over 4" Wsto 6" W5
10" WG Over 6" Wsto 10" WG

See Figure 10 for an exanple of how to delineate duct
pressure class designation.
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i
% Pressure Drop

Sourd Trap

W
% static ”
% 5tatic

Pressure (lassification

Figure 10
Duct Pressure Class Designation
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Section 7: Pl PI NG SYSTEMS
7.1 Gener al

7.1.1 Pi ping Design Factors. Consider the choice between
steel and copper piping based on estinmated initial cost and life
cycle cost of each installation. For a safe pressure of piping
and fittings corresponding to working pressure and tenperature,
refer to ASME B31.1, Power Piping. See Table 8.

Copper piping cannot be corroded by fluorinated
hydr ocarbon refrigerants, even when this liquid is mxed with
noi sture. Copper is entirely free of scaling effects. However,
steel pipe and fittings are | ess expensive than copper piping for
non-refrigerant systens with |arger pipe sizes.

7.1.2 Pipe Friction Loss. For pipe friction |oss, see
Figures 11 through 13 for water flow and Figures 18 through 21
for steamfl ow.

7.1.3 System Pressure Loss. Piping system pressure | oss
cal cul ations shall include the follow ng consi derations:

a) Pipe friction based on 10-year-old pipe;

b) Pressure |oss of valves, fittings, and other
associ at ed equi pnent ;

c) Equi pnent pressure | oss;
d) Static Iift in open systens.

7.1. 4 Pi ping Layouts. Piping |ayouts shall provide for flow
control, subsystemisolation, pipe expansion, elimnation of

wat er hammer, air renoval, drainage, and cathodic protection.

| sol ation valves are required in piping systens. To control
corrosion, provide cathodic protection as required due to
presence of dissimlar netals, stray currents, or soi

conposition (if using direct burial pipe), as described in

M L- HDBK- 1004/ 10, Electrical Engineering Cathodic Protection.

7.1.5 Expansion. Preferred nethods of accompdating thernma
expansi on are by pipe geonetry, e.g., offsets and changes in
direction, and pipe loops. Ofsets that would cause torsion
shoul d be avoided with screwed fittings to prevent the potenti al
for leaking joints. Use expansion joints only when space does
not permt proper geonetry or installation of pipe |oops. For
expansion as a function of tenperature for steel and copper pipe,
and general expansion criteria, see Table 12 of M L-HDBK-1003/8A,
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Exterior Distribution of Utility Steam Hi gh Tenperature \Water
(HTW, Chilled Water, Natural Gas and Conpressed Air. For

I nformation on piping flexibility design, refer to Crocker,

Pi pi ng Handbook, Kellogg, Design of Piping Systens, or simlar
r ef erences.

7.1.6 Expansi on Loop. On straight pipes, always use
expansion |l oops if space conditions permt.

7.1.7 Packi ng- Type Expansion and Ball Joints. Provide

packi ng-type expansion and ball joints only if they can be

| ocated in accessible areas. These expansion joints shall not be
used for refrigerant piping. Packing-type expansion joints can
be used, however, for chilled water, hot water, or steamlines
under limted conditions. Packing-type joints fail slowy,
giving a warni ng by | eakage.

7.1.8 Bel | ows Expansi on Joints. Use bell ows-type expansion
joints where piping is not easily accessible. Bellows-type
joints can fail suddenly w thout warning and shoul d not be used
wher e personnel woul d be endangered by a rupture.

7.1.9 Supports and Anchors. Expansion joints should be
provided with guides to prevent undue bendi ng novenent. Piping
bet ween expansion joints should have supports designed to carry
the weight of the pipe and fluid together with axial friction

| oads and the thrust of the expansion joint. Risers and nmains
shoul d be anchored to prevent excessive strain on branches.

Consi der whether the building structure will w thstand the thrust
of piping on the anchor. In light steel or wood frane
structures, consider allow ng the piping systemto float with
expansi on | oops but w thout anchors.

a) Supports. Provide shields between the insulation
and the supports of insulated piping. Provide roller-type guided
supports where horizontal pipe is subject to thermal expansion.
Provide vertical pipes and nmain risers with base el bows desi gned
to take the weight of the pipe fromthe el bow up to the first
anchor .

b) Hangers. Provide hangers with vibration isolators,
as required. Hangers shall be massive enough to limt the
vi bration anplitude. Pipe supports shall be w de enough to avoid
any swivel action. Use spring hangers when required to
accomodat e expansion in vertical piping. Provide seismc
support in the lateral direction where this is appropriate.
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Table 8
Pi ping Materials

SERVI CE

Suction line
(Refrigerant)

Liquid line

(Refrigerant)

Hot Gas Line

(Refrigerant)

Chill ed Wat er

Condenser or
Makeup Wat er

Pl PE FI TTI NGS

Hard copper tubing W ought copper, w ought
Type L(1) Brass, or tinned cast
Steel pipe, standard brass, 150 I b wel ded or
wal | [ap wel ded or t hreaded nal | eabl e iron

seam ess for sizes
larger than 2 in. IPS

Hard copper tubing W ought copper, w ought
Type L(1) or tinned cast brass,
Steel pipe: extra 300 | b wel ded or

strong wall for sizes threaded nalleable iron
1-1/2 in. I PS and

smal l er. Standard wal |

for sizes larger than

1-1/2 in. IPS, |ap

wel ded or seanl ess for

sizes larger than 2 in.

| PS

Har d copper tubing W ought copper, w ought
Type L(1) brass or tinned cast

St eel pipe, standard brass, 300 I b wel ded or
wal I | ap wel ded or t hreaded mal | eabl e iron

seanl ess for sizes
| arger than 2 in. IPS

Bl ack or gal vani zed Wel ded, gal vani zed,

st eel pipe(2) cast, malleable, or

Hard copper tubing(2) black iron (3)
Cast brass, wrought
copper, or wought brass

Gal vani zed st eel Wel ded, gal vani zed cast,
pi pe(2) mal | eabl e iron(3)
Cast brass, wought
copper, or wought brass
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Tabl e 8 (Conti nued)
Pi ping Materials

SERVI CE Pl PE FI TTI NGS
Drain or Gal vani zed st eel Gal vani zed, drai nage,
Condensate pipe(2) cast, or malleable
Li nes i ron(3)
Hard copper Cast brass, wrought
t ubi ng (2) copper, or w ought brass
St eam or Bl ack steel pipe(2),(4) Wlded or cast iron(3)
Condensate Hard copper tubing(2), Cast brass, w ought
(4) copper, or wought brass
Hot Water Cast steel pipe Wel ded or cast iron(3)

Hard copper tubing(2) Cast brass, w ought
copper, or w ought brass

(1) Soft copper Type L can be used for sizes 7/8 in. OD and
smal | er, except for sizes 1/4 in. and 3/8 in. OD (Type K
nmust be used for 1/4 in. and 3/8 in. OD sizes).

(2) Normally standard wall steel pipe or Type L hard copper
tubing is satisfactory for air conditioning applications,
however, the piping nmaterial selected shall be checked
for design tenperature-pressure ratings.

(3) Normally 125 Ib cast iron and 150 I'b mall eable iron
fittings are satisfactory for air conditioning
appl i cations, however, the fitting material selected
shal | be checked for tenperature-pressure ratings.

(4) For steam condensate return |ines use Schedul e 80 bl ack
steel or Schedule 80 wought iron pipe. Were hard
copper tubing is used, check for conpatibility with
condensat e.

7.1.10 Fl exi bl e Hose. FIl exi bl e connecti ons can be install ed

bet ween novi ng conponents and pi ping. Consider the dual use of
fl exi bl e hoses as a union point. Pipe shall be anchored at the
end, away from novi ng conponents.
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7.2 Wat er Syst ens

7.2.1 General. The followi ng applies to both hot and chilled
wat er systens.

7.2.1.1 Exterior Water Piping Design. For exterior piping
design criteria, refer to M L-HDBK-1003/8A.

7.2.1.2 Water Velocity. Noise, erosion, and punping costs can
be excessive if the water velocity selected is too high.
Installation costs beconme excessive if the sel ected water
velocity is too low. Table 9 gives recommendati ons:

Table 9
Water Velocities

Type of Service Recommended Vel ocity (fps)
General Service 4 to 7
City Water 3to 7
Boi | er Feed 6 to 15
Punp Suction and Drain Lines 4 to 7

7.2.1.3 Water Treatnent. Selection of a water treatnent system
is based on anal ysis of makeup water and its antici pated
contribution to internal corrosion and scale formation in

di stribution piping and heat transfer equi pnment, both of which
will affect systemefficiency and capacity. Obtain services of a
wat er treatnment specialist to performa water analysis, if not
available at the site, and to nmake specific recomrendati ons on
type and quantity of chem cals used. Coordinate the decision on
type of chemcals specified wwth the | ocal environnental program
manager to ensure chem cals can be properly handl ed and di sposed
of and that pollution control regulations are properly addressed.
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7.2.1.4 Pipe Sizing. Refer to ASHRAE Handbook, Fundanentals or
Figures 11, 12, and 13 for pipe sizing. Quidance paraneters for
sizing are as foll ows:

a) Charts are based on use of 60 degree F water. They
are conservative (e.g., overestimte the pressure drop) for 200
degree F water; and are not conservative for chilled water.

b) A nean pressure drop selection mght be 2.5
feet/ 100 feet. Pressure drops of over 4 feet/100 feet can be
used for pipes over 2 inches in dianeter.

c) Keep the mninmumvel ocity above 2 feet per second,
and increase this velocity in down-feed return mains. Lower
vel ociti es cause separation of entrained air in the nmains.

7.2.1.5 Valve and Fitting Pressure Drops. Add the equival ent
valve and fitting piping length to the system when perform ng
hydr oni ¢ conput ati ons.

7.2.1.6 Return Arrangenents. The two-pipe reverse return
system has two mai ns, one supplying and one returning water from
heating units. The return piping is longer than that of a direct
return systemand is arranged so that the equival ent |engths of
supply and return piping to any heating unit are about equal.

Use reverse return piping arrangenents on closed systens, if al
units or parallel circuits have nearly equal resistance. Do not
use reverse return piping on open or once-through systens.
Provide a reverse return in an up-feed system and provide a
reverse supply in a down-feed system |Isolation and drain val ves
are required in piping systens.

7.2.1.7 Air Vents. Water flow, especially through heat
transfer equipnent, shall be directed to permt natural air
venting. Install air vents at system high points.

7.2.2 Hot WAt er Heati ng Systens

7.2.2.1 Hot Water Piping. Refer to pars. 7.1 and 7.2.1 for
pi pi ng and pi pe sizing.

7.2.2.2 Hot Water Coils. Hot water coils are used in ducts of
an HVAC systemto heat the air. Their extended surface is
provided by fins that are bonded to the coil tube. The nost
common design is attaching alum numfins to copper tubing with a
mechani cal bond. Headers are usually provided between the tubes,

with supply water entering the coil |low and return high so the
coil will be self-venting of any entrained air that enters the
coil.
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Reprinted by permission of ASHRAE, from ASHRAE Handbook, Fundamentals.
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Friction Loss for Water in Commercial Steel Pipe (Schedule 40)
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Figure 12
Friction Loss for Water in Copper Tubing {(Types K, L, M)
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Reprinted by permission of ASHRAE, from ASHRAE Handbook, Fundamentals.
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Figure 13
Friction Loss for Water in Plastic Pipe (Schedule 80)

a) Hot Water Piping to Coil. Water coils will not perform if there
is air in the piping. Ensure that the piping from the main, to the coil, and
to the return main is appropriately sloped up and vented to eliminate
entrained air that can air lock the flow.

b) Hot Water Coil Selection. Consult the manufacturer’s catalog
data to decide the best selection, number of rows, parallel or counter flow,
turbulators or serpentines, and other selection information. Using the
appropriate type, make the coil selection:

(1) Capacity required

(2) Water temperature in and out
(3) Air temperature in and out
(4) Airflow

(5) Water flow

(6) Air pressure drop
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(7) Water pressure drop

(8) Coil face velocity

(9) Any special requirenents

After the coil selection has been nmade and docunented

in the design analysis, be sure to provide the above data in the
coil schedule on drawings. This will ensure a good bi ddi ng
climate, with equi pnent manufacturers knowi ng what to bid, and
what to submt in the shop draw ngs phase.

7.2.2.3 Expansi on Tanks and Air Separator

a) Expansion Tanks General. When water in a hot water
heati ng systemis heated, water expands and occupi es nore vol une.
System pressure control is needed to:

(1) Limt pressure in all parts of the systemto
t he al | owabl e wor ki ng pressure.

(2) Miintain mninmumpressure in the systemto
prevent punp cavitation and to prevent boiling of systemwater.

(3) Mnimze addition of makeup water.

b) Expansion Tank Wth Air Separator. An expansion
tank with an air separator perforns these system pressure control
functions. Since this section does not address nedi um
tenperature hot water system (250 to 350 degrees F) or high
tenperature hot water system (above 350 degrees F); discussion
will be limted to the foll owi ng types of tanks:

(1) dosed expansion tanks with an air cushion.
See Figure 14.

(2) Diaphragm (or bl adder) type cl osed expansion
tanks. See Figure 15.

Open expansi on tanks | ocated at the system hi gh point
will also work on | ow tenperature hot water systens, but are not
general ly used on Navy buil ding projects.

c) Expansion Tanks. Sone specifics regarding
expansi on tanks are as foll ows:

(1) Expansion tanks are required on chilled water
and hot water systens.
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(2) Locate the tank on the suction side of the
system punp so that system pressure is always positive with
respect to atnospheric pressure.

(3) Do not install a shutoff valve between the
heat source and the expansi on tank.

(4) Refer to ASHRAE Handbook, HVAC Systens and
Application or manufacturer's literature for tank sizing.

(5) See Figure 14 for closed expansion tank
pl acenent .

(6) See Figure 15 for diaphragm expansion tank
pl acenent .

(7) Do not use a gage glass on the expansion tank.
A gage glass on a steamboiler is permtted since the wet steam
vapor keeps the upper glass packing tight. Wth an expansion
tank, the air will dry out the upper gage gl ass packing and cause
air | eaks.

7.2.2. 4 Donestic Hot Water Generator. An interface occurs

bet ween the heating system and the pl unbing system when boil er
steam or boiler hot water is used to heat water for plunbing
fixtures. Sone points to consider in heating donestic hot water
are as foll ows:

a) Donestic water can be heated by the boiler (steam
or hot water) or a separate hot water generator, if the heating
source is avail able during the summer. |If heated by the space
heating boiler, evaluate boiler efficiency for sumrer operation.

b) |If the space heating boiler provides hot water,
evaluate if it should be an instantaneous heater, a sem -
I nst ant aneous heater, or a storage type hot water generator. The
selection wll affect the boiler capacity specified. Refer to
NAVFAC DM 3. 01, Plunbing Systens for donestic hot water system
desi gn.

Wth these decisions nmade, select the hot water system
and equi pnent. See Figure 16 and Figure 17.

7.2.2.5 Heat Exchangers. Heat exchangers are used for steamto
heat water. One mediumflows through the shell, and the other
medi um fl ows through the tubes in the tube bundle. Include the
follow ng in the equi pnment schedul e:

a) Water flow
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MAKE-L'P — EXPANSION
WATER TANK
PUMP

SUPPLY
MAIN

PRESSURE
REDUCING VALVE |
BOILER PRESSURE \
W
RELIEF VALVE _____,/” FLOW CONTROL

: wsdy— ——DIP TUBE

BOILER

RETURN MAIN —\

Figure 14
Closed Expansion Tank
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AIR ELIMIRATOR

BOILER PRESSURE

RELIEF VALVE ”"\\\\

SUPPLY
MAIN

=0
PUMP

ZfHAKE--UP
WATER

FLOW
CORTROL-\

RETURN

MAIN ———\\

PRESSURE
REDUCING VALVE

‘\\____ DIAPHRAGM

EXPANSION TANK

BOILER

Figure 15

Diaphragm Expansion Tank
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EXPANSION TANK

MAKE-UP OUTDOOR BULB
WATER ﬁ E {UNDER EAVE)—-\

REDUCING VALVE

SUB-MASTER

! HASTER
THERMOMETER CONTROLLER ; ‘ / CONTROLLER

PUMP 3 [;:]
N TS Nl e

. -  § STEAM
SUPPLY mm_/ e wrn
AIR ELIMINATOR -\ R TEAM TRAP
e ASSEMBLY

% (TYPICAL)

PRESSURE

RELIEF VALVE - . CONVERTER

THERMOMETER _/

::EI:RN TO CONDENSATE
RETURRN
Figure 16

Connections to Converter for Hot Water Heating System
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* NOTE: PIPING TC PCINIS OF CONNECTION, (POC), WILL BE
INSTALLED BY THE PLUMBING CONTRACTIOR,

POC, DOMESTIC KOT
WATER SUPPLY*

DOMESTIC HOT WATER T

STORAGE TANK
\ 3

RELIEF VALVE DISCHARGE, CONTINUE
TO 3" ABOVE PUNNEL DRAIN

MANHOLE

SADDLE,

HPICM:_7

. Sl e v —— .

rOC, DOMESTIC HOT
WATER CIRCULATING
RETURN®

DOMESTIC HOT WATER
TEMPERATURE
CONTROLLER

BOILER WATER
/ CIRCULATING PUMP

/—BOILER WATER
SUPPLY

o

I
g™
§ T\
i POC, DOMESTIC

\ COLD WATER

STORAGE TANK

SUPPORT {TYPICAL) ‘A \—

SUPPLY &
STORAGE TANK DRAIN,

CONTINUE TO 3" ABOVE
FUNNEL DRAIN

NO SCALE

é BOILER WATER
RETURN

Figure 17

Domestic Hot Water Generator and Heating
Hot Water Boiler Piping Connection

b) Inlet water temperature

c) Leaving water temperature

d) Water pressure head loss

e) Inlet steam pressure
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f) Steamflow

g) Trap size and rating

h) Shell pressure rating

i) Tube bundl e pressure rating
j) Control Valve Cv

k) Tenperature control schene (e.g., resetting the
wat er tenperature fromthe outdoor tenperature)

Converters shall be ASME rated and stanped. Detail the
supports for the converter and the expansion tank. See Figures
16 and 17.

7.2.2.6 Punps. In hydronic systens that are larger than
residential size, a two pipe systemwth a circulating punp is
required to make the heating systemresponsive to | oad changes.
Note the foll ow ng:

a) Provide a pressure gage on each side of the punp,
or a differential gage connected between punp suction and
di scharge to facilitate system bal anci ng.

b) Provide flow gages in the branches of nultizone
systens to facilitate bal anci ng.

c) Provide gate valves and unions or flanges on inlet
and outlet piping to equi pnent to expedite future renoval and
repairs.

d) Provide strainers on the suction side of the punp.

e) Do not overestimate the punping head on the punp.
A conservative overestimation of the head can result in the punp
delivering nore than the required gpm and thereby requiring nore
hor sepower than estimated. There are three solutions to this:

(1) Specify a punp that is non-overl oadi ng,

(2) Show a throttling valve in the punp discharge
to increase the head if needed, and

(3) Renove the inpeller and nachine it to reduce
capacity.
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f) Low tenperature hot water heating systens are often
designed for a 20 degree F tenperature drop. This nmakes it easy
to size the punp--divide the Btu's by 10,000 to obtain the punp

gpm

g) Punping systens that are open, such as cooling
towers, or systenms with hot |iquids, such as a deaerator feed
punp, require special attention to ensure proper NSPH  Keep the
punp | ow enough and cl ose enough to mai ntain proper NPSH.

h) Calculate pipe and fitting friction drop, the head
| oss through the coils, control valves, heat exchanger, etc. To
this add any static head, if the systemis not a closed system
Al so add nozzle | oss for spray equi pnent, such as evaporative
condensers, cooling towers with nozzles, or air washers.

) Arrange punps in parallel, i.e., one punp for each
boiler, chiller, cooling tower, etc.

7.2.3 Chill ed Water

7.2.3.1 Pipe Size. Refer to pars. 7.1 and 7.2.1. For dual
tenperature systens, note that the required tenperature
difference and the required flow may be different for heating and
for cooling operation.

7.2.3.2 Coils. Refer to par. 7.2.2.2. Note the follow ng:

a) Miltiple rows may be needed for humdity control.
Wth cooling coils it is inportant to specify the entering and
| eaving wet bulb tenperature and add the |latent |oad of
dehum di fi cati on.

b) Dehumdifying coils will need drip pans and drai ns.
7.2.3.3 Expansi on Tanks. Refer to par. 7.2.2.3. Expansion

tanks are required to provide for change in water volune due to
changes in tenperature.

7.2.3. 4 Punps. Refer to par. 7.2.2.6. It is comon wth |arge
chilled water systens to check the econom cs of punping systens.
Is it lower cost to punp nore or less flowon the chilled water
and cooling water circuits? Should colder chilled water, smaller
or larger pipes, a bigger chiller, warner condenser water, or
smal l er cooling towers be used? Evaluate the |ife cycle
econom cs on several alternatives to select the nost cost

ef fective sol ution.
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7.3 St eam

7.3.1 General. Low pressure steamin HVAC systens is defined
as 15 psi or less. Hi gh pressure steamin HVAC systens is
defined as being 16 psi to 150 psi. There is a trend away from
using direct steamin HVAC systens. |If one gets heat from
district steamor a steamboiler, the designer will often convert

the steamto hot water through a heat exchanger to supply the
HVAC system The reasons for using hot water HVAC systens
i nclude the foll ow ng:

a) Elimnates mai ntenance of many steamtraps.

b) Mre flexible when planning tenperature controls.

7.3.2 Low Pressure Steam Systens

7.3.2. 1 Pipe Sizing. Pipe sizing for |ow pressure steam and
return mains is found i n ASHRAE Handbook, Fundanentals. See
Tabl es 10 through 13. Note the foll ow ng:

a) Slope steamnains in the direction of the flow
(*2inch in 10 feet is recommended).

b) Slope return mains simlarly.

c) Avoid Ilifts on | ow pressure returns, or nake them
smal | .

d) Punped returns are preferred to gravity returns.

e) Provide a step-up and drip at the base of steam
risers.

f) Drip the lowpoint if steamflow is against the
condensate flow and upsize piping to the next larger size to
all ow condensate to run back in the bottom of the steam pipe.

7.3.3 H gh Pressure Steam Systens

7.3.3.1 Pipe Sizing. Refer to par. 7.3.2.1. Note the
fol | ow ng:

a) See Figures 18 through 21 for steam pipe sizing.
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Table 10 a
Flow Rate in 1lb/h of Steam Schedule 40 Pipe” |
at Initial Saturation Pressure of 3.5 and 12 psig ’

Pressure Dvop—pal/ 100 B in Lengih

Mominal FHpe 1716 pal (1 02) L/8 pul (2 0z} Ya gl (4 ox} iy gk IB 02} ¥ pal (12 02} 1 psh 1md
Size, Tn Sal. press., psig Sat. press., palg Sat. press., palg. Sal. perss., psig Sat. press., psig. Sal. press., paiy Sal. press., psig
3.5 12 3.5 11 3.5 12 3.5 3] 15 12 3.5 1l 35 12
% 9 1 14 16 20 24 29 35 36 43 42 50 &0 73
l 17 21 26 31 a7 46 54 66 68 82 81 95 114 137
14 36 45 53 L] 78 9% 11 138 140 170 162 20 232 280
5] 56 0 84 100 P20 147 174 210 218 260 245 M 1650 430
2 108 134 162 194 234 285 16 410 420 510 480 %0 70 850
A 174 Z1% 258 Mo 378 460 540 660 680 820 180 950 1150 1370
3 38 ig0 465 550 60 810 960 1160 1190 1430 1389 1670 1950 2400
14 462 350 670 800 ¥ 1218 1410 1700 1740 2100 2000 2440 2050 3430
4 640 800 850 1160 1410 1690 1980 2400 2450 3000 2880 3460 4200 4900
5 1200 1430 1680 2100 2240 3000 50 4250 4380 5250 5100 6100 7500 8600
L] 1920 2300 2820 3350 3960 4850 5700 7000 2600 8400 10000 11 900 14 200
8 3900 4800 5570 000 B100 10000 LI 400 14 300 14 500 17 700 16 500 20 500 24000 X9 s00°
10 7200 B200 10200 12600 5000 18200 21000 26000 26200 132000 30000 37000 42700 52000
12 11400 13700 16 500 19 500 23 400 28 400 3} 000 40 000 4] 000 49 500 45 000 87 OO0 67 8OO Bi 000

“Based on Moody Friction Factor, where the flow of condensate
does not inhibit the flow of steam.
The flow rates at 3.5 psig cover saturated pressure from 1 to
6 psig, and the rates at 12 psig cover saturated pressure
from 8 to 16 psig with an error not exceeding 8 percent.

The steam velocities corresponding to the flow rates given in
this table can be found from the basic chart and velocity

multiplier chart, Figure 11.

b

Reprinted by permission of ASHRAE, from ASHRAE Handbook, Fundamentals.

82



MIL-HDBK-1003/3

Table 11
Return Main and Riser Capacities for Low-Pressure System, 1b/h
1/32 psi or 1/2 02 1/24 psi or 2/3 02 1/16 psi or 1 oz 1/8 psi or 2 02 1/4 psi or 4 0z 1/2 psi or 8 0z
Drop per 100 fi Drop pet 100 11 Drop per 100 Drop per 100 ft Drop per 100 1 Drop per 100 Ft
Pipe Sizr,
in. Wet Dry Yac. Wet Dry  Vac. Vel Dry Vac. Wel Dry Vac. Wet Dry Vac, Wet Dry VYac,
G H t K L ™M N O P Q R 5 T U ¥ w X Y
Y - - - [ — 42 - — 100 - — 142 - - 0 - — m
1 125 62 — s N i 17 80 175 250 103 249 350 F15 350 — - 4%
1% 213 130 — 248 149 244 00 168 300 425 217 426 600 241 600 — — 848
1V 338 206 — 393 236 388 475 265 475 673 340 674 950 378 550 — — 1340
=
F 2 700 470 — 810 535 815 1000 575 1000 1400 740 1420 2000 325 2000 — — 2830
e 22 1180 760 — 1580 868 1360 1680 950 1680 2350 1230 2380 3350 1360 3350 — - 4u
8 1 1880 1460 — 2130 1560 216D 2680 1750 2680 3750 2250 3800 5350 2500 5350 — — 1560
a ¥ 2750 1970 — 3300 2200 3250 4000 2500 4000 5500 3230 5680 800G 3580  R000 - — 11,300
4 3880 2930 — 458D 3350 3500 $500 3750 5500 7750 4830 TR0 11,000 5380 11.000 —  — 15,500
3 - - = —_  — 7880 — - 9680 —  — 13,700 —  — 19,400 — — 21300
6 - - = — o~ 126
00 —  — 15,500 — —n — 35,000 —  — 43,800
v — 48 — — 48 143 — 48 175 — 48 249 — 48 350 — = 494
1 — 113 —= — 113 244 — 113 0 — 113 42 — 113 600 — — 848
14 — 248 — — 248 388 — 248 475 — 248 614 — 28 950 — — 13490
14 - 375 — — 375 815 — 175 1,000 — 375 1420 — 375 2000 — — 283
§ 2 — 750 — — 750 1360 — 750 1680 — 750 2380 —~ 750 1350 — — 47w
2 5 S — - — 2180 —  — 268% —  —  3g00 —  — 5350 — — 7360
3 —- - = _ - 3250 — 000 —  — 5680 —  — 8000 — — 11,300
3% - - = — = 480 — — 5500 — - 7810 —  — 11,000 — — 15,500
4 - - = —  — 7880 —  — 9680 — = 13,700 —  — 19,400 — — 27,300
5 - - = —  — 12,600 — — 15,500 — — 22,000 —  — 31,000 — — 43,800
Table 12
Comparative Capacity of Steam Lines
at Various Pitches for Steam and Condensate
Flowing in Opposite Directions (From Laschober et al. 1966)
| Fitch of Fipe. in/ 10 01 La . RLE 1w, 14z im, 1in. 3 . 4 . 5.
1 Copace M, L - Max. C - ™ Ci 3 - - Mas, - - —
-l e AR R Y R T R T
ta 1z R 4.1 1 57 1n 6.4 14 11 15 83 7 9, 2 .
I. 5.8 [ LX) 12 1.7 15 (PR 7 138 k] 17.3 ;2 I'lg M 1‘3: ii
[ 11.B Ll 159 14 19.9 17 246 M no 2 1) 2% 334 2% 8.1 n
1': (LX) 12 289 1.3 3o (L] 374 s 2.0 p2} LR ] 6 5013 b 9.2 Kk
: e ] 54.0 18 (R 4 £3.3 m N9 L} 9.6 32 1024 12 1145.0 k|

Sebony Do Capaciy

it h

Reprinted by permission of ASHRAE,

from ASHRAE Handbook, Fundamentals.
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Table 13

Steam Pipe Capacities for Low-Pressure Systems
(For one-pipe or two-pipe systems in which condensate
flows against the steam flow)

Capucily, 1b/h

Two-Plpe Sysiem

Oue-Plipe Systems

Nominal C fNowing Radiator
Pipe Size, gainst steam Supply valves and Radiator
in. risers verfical and riser
Yeriical  Forlzontal up-feed  conneclions runouls
A B" Ct i E F<

£ ] 7 & — 7

1 14 14 1 7 ?

14 il 27 n 16 16

| I 48 42 38 23 16

2 97 93 72 42 23

24 159 132 116 — 42

3 282 200 m — &5

3 187 268 286 — 19

4 511 425 180 — 186

5 10350 T8E — — 278

6 1800 1400 -—- -_ 545

8 k] 3000 — — -

10 7000 5700 — — —

12 11500 9500 — - —

16 22000 19000 - ~N —

Note: Steam at an average pressure of

basis of calculating capacities.

per 100 ft of equivalent run.

blnstead.

.Use Figure 10 or Table 13 instead.
Pitch of horizeontal runouts to
not less than % in./ft. Where
obtained, runocuts over 8 ft in length
larger than called for in this table.

risers and radiators
this pitch cannot be

l psig is used as a

Do not use Column B for pressure drops of less than 1/16 psi
Use Fiqure 10 or Table 13

Do not use Column D for pressure drops of less than 1/24 psi
per 100 ft of equivalent run, except on sizes 3 in.

and over.
should be

should be one pipe size

Reprinted by permission of ASHRAE,
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Reprinted by permission of ASHRAE, from ASHRAE Handbook, Fundamentals.
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Based on Moody Friction Factor where flow of condensate does not
inhibit the flow of steam.

May be used for steam pressure from 23 to 37 psig with an error
not exceeding 8 percent. '

Fiqure 18
Chart for Flow Rate and Velocity of Steam in Schedule 40
Pipe Based on Saturation Pressure of 30 psig

85



Reprinted by permission of ASHRAE,

MIL-HDBK-1003/3

from ASHRAE Handbook, Fundamentals.

IN. PER 100 FT

PAESSURE QRQP-OUNLCES PER 5Q

] T s 2 . \}ng\l 4 =T . n m T
BE  fLOW AND TN o R TR TS AR~ S
6 [{VELOCITY BASED [N - -.._7? Y e y D0, /L]
flovn_50 PS1G - P05 YA AN T A~ N QORJ:?HH
al ! LIPN N \\JQB\XJ -(\\ N :4\ “\,%E$@J ™
AN
F DN/, TR A / A oo N
BEREV AN ST AN GANSIA N
2 A /200 ! ‘ Mo : b’a o Y
| o e P
[ F "\‘L - “}c\{ 7’\\ /r\/\\ J"\l ?000 :
Qo | ™y | e 2
2 BARS AN % ™. a w%zx soe /N1
a I M b, \VI I I e ri H NQO.. X’ &, OO — :"6
wosal ., 7 o Pk i : Uy o ~ 17
L s am A wa Vs & SN L1/ N R I
- al b W - « 0, -+
g oo T NN NS e TR WD A Dy AN
' o.af T\\/ %\. N‘J-’eoo . ?(‘ ?g\' " Q0 4"4? /-h'\ -
a L .
S ol N N o, . A Wal, %%bxj\\ <0 N
¢ NS A O RSN
¥ oz o, Dhle et A S N a
- H : ! 1 ! :
‘u::l ﬂ : ?'}- ‘0 1 2 q\n’)@\ h ? k] GDO \"\
RS SeONA RS VS
: OIV‘\L 4 G!:\p"’ \:‘Iu P erGQO AN AT
) Qo > ¥ W i, N 4 A 4 ~
0.05_ ;\“ - f I~ '_ TR e o %) QOO.- "f.
0.06f— £a P B, - i s
. Op Fan VAN 0 of S S - [ )
0.04 / g 3 _ir\i 1%3% _wlg%u \\{\
N PANVARNA At/ NN SN IA T, o e
Y 3o, /' : S '\ZK\ T WY ™~
= o i 4 /'
0.02 : / P i d ﬂ:’oo
L | . / | /1~ %) V e \\‘\“
i et oy i 2 ~7 Sy e e
‘ LA SO NN (L
0.01 L J: REEY AN i ; A I . . AN s . sl .
o 20 40 80 100 200 400 600 1000 2000 4000 000 10000 20,000 30,000 100,000
FLOW RATE - POUNDS PER HOUR
Based on Moody Friction Factor where flow of condensate does not
inhibit the flow of steam.
May be used for steam pressure from 40 to 60 psig with an error
not exceeding 8 percent.

Figure 19

Chart for Flow Rate and Velocity of Steam in Schedule 40

Pipe Based on Saturation Pressure of 50 psig
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Based on Moody Friction Factor where flow of condensate does not
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May be used for steam pressure from 85 to 120 psig with an error
not exceeding 8 percent.

Figure 20
Chart for Flow Rate and Velocity of Steam in Schedule 40
Pipe Based on Saturation Pressure of 100 psig
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Based on Moody Friction Factor where flow of condensate does not
inhibit the flow of steam.

May be used for steam pressure from 127 to 180 psig with
an error not exceeding B percent.

Figure 21
Chart for Flow Rate and Velocity of Steam in Schedule 40
Pipe Based on Saturation Pressure of 150 psig
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b) Do not use vacuum condensate returns. Since high pressure steam
is hotter than low pressure steam, provide adequate cooling legs of
uninsulated steam pipe or a length of finned radiation between the last steam
main takeoff and the drip assembly. Failure to do this will cause the hot
condensate to flash back into steam at the trap. Use vented flash tank as a
solution. Refer to par. 7.3.3.5 for condensate pumps and flash tank.

7.3.3.2 Boiler. Refer to MIL-HDBK-1003/6.
7.3.3.3 Heat Exchanger. Refer to par. 7.2.2.5.

7.3.3.4 Steam Pressure Regulating Valves. See Figures 22 and 23 for piping
of steam pressure regulating assemblies, and note the following:

a) Sizing Pressure Regulating Valves
(1) Analyze flow required for maximum and minimum demand.

(2) Size the pressure regulating valve to handle peak flow.
This will generally result in a valve body that is smaller than inlet supply
line size.

(3) If there is a big turndown ratio between minimum and
maximum flow, consider using two regulator valves in parallel, perhaps sized
for 30 percent and 70 percent of the flow. Consider to flip the settings so
that the small regulator pilot maintains optimum downstream pressure in the
summer and the big regulator pilot is the lead controller in the winter.

(4) Look at the manufacturer’s tables to see whether a two
stage assembly should be used with two regulators in series. Sometimes this
is done anyway for redundancy in low pressure installations; with the
downstream regulator controlling to 5 psi, and a upstream regulator set at 7
psi in case the downstream regulator cannot handle a flow surge.

b) Piping Pressure Regulating Valves
(1) Provide a bypass around the regulator with a globe valve

that has a tight shutoff seat. Size bypass to flow less than wide open
failure flow of the regulator, but not less than regulator design flow.

89



MIL-HDBK-1003/3

Qr

SERVICE PIPE FROM DISTRICT STEAM MAIN

SERVICE VALVE

OPERATTNG VALVE

MANUATI, BYPASS

PRESSURE REGULATING VALVE

PILOT

BALANCE OR IMPULSE LINE, FOLLOW MANUFACTURER‘S RECOMMENDATION
SAFETY RELIEF VALVE, DISCHARGE OUTSIDE

Figure 22
PRV-~-Low Pressure
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SERVICE PIPE FROM DISTRICT STEAM MAIN

SERVICE VAILVE

PRESSURE REDUCING VALVE

PILOT

BALANCE LINE

PRESSURE REGULATING VALVE

SAFETY RELIEF VALVE

RELIEF VALVE DISCHARGE TO OUTSIDE

BYPASS, ONE SIZE SMALLER THAN PRESSURE REDUCING VALVE

NOTE: ALL FITTINGS SHOULD BE AMERICAN STANDARD CLASS 250

CAST IRON OR 300 LB STEEL.

Figure 23
Two Stage PRV
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(2) Put a pressure gage i medi ately downstream of
the regulator pilot tap. The pressure gage range shoul d include
the upstreaminl et pressure.

(3) Provide a relief valve on the downstream side
that will handl e 150 percent of the wi de open failure flow rating
of the regulator. Set the relief valve higher than the
downstream operating pressure, and pipe the relief valve
di scharge to a safe place.

(4) Provide shutoff valves on each side of the
regul ator assenbly; with the | ow side shutoff val ve downstream of
the pilot tap.

(5) Locate the entire regulator assenbly in an
accessi bl e pl ace.

7.3.3.5 Condensate Punps and Fl ash Tank. Higher pressure steam
condensate is hotter than | ow pressure steam condensate. |If the
systemis over 40 psi steam always run the condensate through a
flash tank before entering the receiver of the condensate punp
set. This prevents the condensate flashing to steamin the
punps. See Figure 24.

7.3.3.6 Steam Coils - General. Refer to par. 7.2.2.2 and the
manuf acturer's capacity tables for selection. See Figures 25 and
26 for piping steamcoils. Al ways provide steamtraps for each
coil section. Steamdistributing coils feature a perforated

di stributing header inside the main coil construction.

7.3.3.7 Steam Traps. In a steam system steamtraps should be
provided to renove condensate and gas fromthe steam supply as
soon as it forns. Unless this is done:

a) A slug of condensate can harmthe system
b) Accurul ati on of CI? gas can cause corrosion.

See Table 14 for common types of steamtraps and Figure 27 for
pi ping of a | ow pressure drip.

7.3.4 Boilers. Size the steamboiler in accordance with the
ASHRAE Equi pnent Handbook, and include buil ding heating, process
steam donestic water heating, and pickup | oads. See Figure 28
for piping a |l ow pressure steam boiler.
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2-FLOAT SWITCHES

VENT THRUROOF -. 1
~o
CONDENSATE RETURN . ™~
-4
. ﬂ\ F - ¥
T 1 ‘i‘
VENT SAME SIZE AS o VENT —=!
TAPPING —
RECEIVER "4' 120 HANGER RODS —— =11 | o]
PPE SIZE SAME AS RETURN | f E TANK
TAPPMG ON RECEIVER :
t
i
]
J

CONDENSATE PLMP
oiscHARCE Y

le — GATE VALVE
-— DRAN

GATE VALVES CONDENSATE
RECEJVER

CHECK VALYES ——

|

NOTE: Flash tank same size as condensate receiver. Always
use a flash tank on 40 psi steam or over; ASME tanks
rated at not less than 100 psi.

Figure 24
Detail - Flash Tank and Duplex Condensate Pump Unit
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TO STCAM MAN

STRANER
\GAT\E VALVE

GLOBE VALVE
CONTROL VALVE

L{\
GATE VALVE —~

TO RETURAN MAIN -+

'

NOTE: Less than 1000 pounds steam per hour

Figure 25
Steam Coils
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GLOBE VALVE |
GATE VALVE

Figure 26
Steam Tempering Coils
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TYPE

Bellows

Bimetallic
Thermostat

Float and
Thermostatic

Inverted
Bucket

MIL-HDBK-1003/3

Table 14
Common Types of Steam Traps

APPLICATION

Steady light loads in low pressure steam.
Radiators, converters, etc.

High pressure steam where some condensate
backup is tolerable; Steam tracing, jacketed
piping, heat transfer equipment, etc.

Low pressure steam on temperature regulated
coils; drips on steam mains; other large loads
that vary where you cannot tolerate condensate
backup.

High and low pressure steam. HVAC and drips
on steam mains.

AN

50" MIN UNINSLILATED
[ -l
STEAM MAN

1 M

DAT POCKET ————

Fiqure 27
Low Pressure Drip
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STOP VALYE ~——— TO HEADER

PRESSURE GAUGE

PRESSURE CONTROLS

SAFETY VALVE

GAUGE GLASS
WATER LINE

HARTFORD LOOP . LOW WATER CUTOFF

2-4"BELOW
WATER LINE

STOP VALVE ™~ .
"
CHECK VALVE ~\ \ N
/I“'/D( —— BLOWOFF

Figure 28
Boliler Connections

7.3.5 Freezing of Steam Coils - General. Care should be taken in both
design and construction of systems with steam heating coils to prevent coil
freeze-up. Two primary causes of coil freeze-up are: (1) stratification of

the air entering the coil due to poor mixing of outside air and return air,
and (2) buildup of condensate in the coil. While it is virtually impossible
to design a system with freeze-proof coils, careful consideration in the
following areas could air in minimizing coil freezing problems.

7.3.5.1 Freezing Due to Air Stratification. See Figure 29. In general,
outside air and return air are mixed in proportions that will provide an
average mixed air temperature above freezing. However, if the outside air and
return air streams are not thoroughly mixed, stratification of air can occur
across the coil. This condition results in localized cold spots where
sub-freezing air contacts the coil and can cause freezing. Care should be
taken when locating the steam coil and designing the
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m xi ng chanber to ensure proper m xing of outside air and return
air. Figure 29 contains a sketch of a m xing plenumwhich is
poorly designed for mxing of outside and return air and one
properly designed to pronote m xing of outside and return air.

7.3.5.2 Freezing Due to Buildup of Condensate in the Coil. See
Figure 30 for coil piping to prevent freezing. There are a
nunber of oversights in design and installation that can lead to
bui | dup of condensate in a steamcoil. These oversights
primarily fall into the foll ow ng categories:

a) Inappropriate Coil Selection. Mny coil designs
pronpbte steam short circuiting - a phenonenon where steamtakes
the path of |east resistance through coil tubes that have the
| east condensate flow This increases the coil return header
pressure to the point where the condensate in other coil tubes
cannot drain properly. Coil designs have been devel oped to help
mnimze problens |ike this. The single row distribution tube
and nmulti-row series flow coils mnimze the potential for
short-circuiting and trappi ng condensate inside the coil. These
coi | designs shoul d be consi dered when designing a system where
there is substantial risk of coil freezing.

b) Inproper Installation. Even though the proper coi
is selected, where the coil is not installed properly, freezing
can still occur. Many coils are installed in such a way that
gravity drainage is not possible. Though initially installed
properly, coils can nove into an undesirable position through
bui l ding settling or weakening of supports. Cosely inspecting
coil installations with these problens in mnd can help avoid
problens in this area.

c) |Inproper Venting, Vacuum Eli m nation, and Steam

Trapping Practices. If a coil is not designed for proper venting
of noncondensabl es, vacuum elim nati on, and condensate renoval, a
wel |l selected and installed coil can still experience problens

wi th condensate buil dup. Consider carefully proper steam piping
practices in these areas and consult avail able Navy and industry
gui dance.

d) Mbdul ating Valves. Avoid using nodul ati ng val ves
for control of preheat coils.

e) Traps. Trap each coil separately. Coils seldom
have equal pressure drops.
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Figure 29
Air Stratification to Coil During Freeze-Up Conditions

99




MIL-HDBK-1003/3

:

©
®
@

12" MIN

Hotes:

1.

Ensure dry steam into the coil by dripping the main at the
coil takeoff.

Use gate valves for minimum obstruction of flow.

Use a two-position control valve to ensure full steam flow.
Provide vacuum breakers to ensure condensate flow through
the coil.

Use float and thermostatic traps to avoid condensate backup.
Locate traps at least 12 inches below coil. Use dual traps
in case one sticks.

Run condensate into a separate vented receiver.
Thermostatic air vent wvalve run discharge into receiver
vent.

Provide strainers with blowdown valves immediately before
each steam control valve and condensate trap assembly.
Provide isclation gate valves immediately after each
condensate trap assembly.

Fiqure 30
Nonfreeze Coil Piping
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7.3.6 Refri gerant Pi ping

7.3.6.1 General. This mlitary handbook covers only direct
expansi on systens for HVAC systens. There is an entire ASHRAE
Handbook devoted to food and industrial refrigeration.
Refrigerant piping is slightly different from other piping
because refrigerant gas is difficult to contain, so that special
fittings (wought copper or forged brass) and high nelting point
sol der (1,000 degrees F) are needed to achieve a tight system
and provision nust be nmade to ensure oil return to the

conpr essor

7.3.6.2 Si zing. See the ASHRAE Handbook, Refrigeration for
flowrate charts on sizing the liquid, suction, and hot gas |ines
with various refrigerants.

7.3.6.3 Arrangenent. See Figures 31 and 32 for refrigerant
pi pi ng arrangenent .
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Figure 31
Refrigerant Coil
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DOUBLE RISER HOT GAS PIPING
SIZE SMALL RISER FOR 1000 FPM
AT MINIMUM LOAD

HOT GAS GOES TO
CONDENSER AND RECEIVER

SLOPE DOWN ||
SLOPE DOWN (SHIR

HOT GAS ——— SUCTION RISCR

) (FROM EVAPORATER) ||

1l -y

COMPRESSOR COMPRESSOR
OIL TRAP =
DX COMPESSOR PIPING ALTERNATE HOT GAS PIPING

Figure 32
Compressor Piping
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Section 8: CONTROLS AND | NSTRUVENTATI ON

8.1 General Requirenents. See pars. 2.2.6 and 2.2.8 for an
overvi ew of tenperature controls and instrunentation. Another
source of assistance that the designer may use i s NFESC, Code
ESC23 at Port Huenene, California. NFESC is a Navy organi zation
that has expertise in direct digital control (DDC) applications.

8.1.1 Choice of Controls. DDCis the control system of

choi ce for HVAC systens. Consider the advantages of DDC for new
and maj or renovation projects. O der conventional control
systens may be specified for small buil dings where DDC i s not
cost effective or where the custonmer refuses to accept DDC. Use
of pneumatic controllers is discouraged because of the high

mai nt enance required to keep them functional. Existing pneunatic
operators nmay be reused, if in good operating condition, as part
of a hybrid systemw th DDC sensors and controllers and the
pneumati c operators.

8.1.1.1 A Quide to Choose Control Systens. Consider the
foll ow ng when selecting the type of control system (digital
el ectric, analog electronic, or pneumatic):

a) Life cycle cost. |In nost cases, DDC will be the
| owest cost on a life cycle cost basis. The first cost of DDC and
conventional control systens nay be conparabl e but DDC operating
and nmai ntenance costs are significantly | ower.

b) Custoner preference of control type. The custoner
may feel that his personnel are better qualified to operate and
mai ntain a particular type control system Repair parts nay be
an i nportant consideration.

8.1.1.2 Factors to Select Control Systens. Control sel ection
may be determ ned by several factors as follows:

a) DDC systens use stand-alone digital controllers,
di stributed throughout the building to provide control of HVAC
functions. The digital controller replaces conventional receiver
controllers, thernostats, switches, relays, and auxiliary
devices. Sensors are wired directly to the digital controller,
whi ch perforns the control logic in software, and outputs a
control signal directly to the actuator or relay. Term na
control units control individual term nal HVAC equi pnent, such as
VAV boxes, fan coil units, and heat punps. D stributed control
refers to locating the digital controllers near the equi pnent
bei ng control | ed.
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b) DDC systens require | ess maintenance than
conventional control systens. Wth a personal controller (PC
i nterface workstation, HVAC nechani cs can qui ckly troubl eshoot
HVAC probl ens. DDC systens efficiently operate buil ding HVAC
systens by providing accurate sensing, maintaining setpoints, and
operating in the designed sequence.

c) One disadvantage of DDC is that DDC systens from
di fferent manufacturers have different operating systens which
are proprietary and will not communicate with each other. In
sonme cases, this makes conpetitive bids for additions difficult.

d) Consider specifying DDC in the follow ng
si tuations:

(1) In nost new construction,
(2) In a mjor retrofit of HVAC systens,

(3) Wen conpl ex or nunerous HVAC systens are
i ncluded in the design,

(4) In buildings over 20,000 square feet,

(5) Wen renote or local workstation nonitoring
and troubl eshooting of HVAC equi pnent is desired, and

(6) Wen the custonmer desires DDC

e) Acceptance of DDC by the user's operation and
mai nt enance personnel is extrenely inportant. |[|f not so
accepted, DDC should not be specified. The project manager
shoul d directly contact station personnel to nake this
determ nati on of acceptance.

f) Consider conventional electric, analog el ectronic,
or pneumatic control systens when the follow ng apply:

(1) Small buildings where DDC i s not cost

effective,

(2) Wen package air handling units are specified,
and (3) Wen the custonmer or mai ntenance will not
support DDC.

8.1.2 Desi gning DDC Systens. Design DDC systens using the

fol |l ow ng gui dance:
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a) Keep the input and output points to the m nimm
nunber required for HVAC control and efficient building
operation. Follow the recomended point guidance provided in
par. 8.2. Followthe principle to "Keep it Sinple."

b) Use standard control sequences for simlar HVAC
control system applications.

c) Show the followi ng on control drawi ngs as a
m ni mum

(1) Flow diagramschematic of each mechani ca
system show ng sensors, equi pnent, and operators.

(2) Individual point list description for each
mechani cal system

(3) Electrical |adder diagramfor each electrical
circuit controlled.

(4) Operating parameters - controller setpoints
and tine schedul es.

(5) Detailed sequence of operation.

d) Use direct connection of tenperature sensors when
possi ble. Use only precision thermstors (10,000 ohns) for room
sensing and 1000 ohm pl ati num RTDs for HVAC unit sensing.

e) Use room zone tenperature sensors with pushbutton
override and setpoint adjustment integral to the sensor.

f) Do not nodify the chiller mcroprocessor system
supplied with the equi pnent. Control and safety functions should
be the chiller manufacturer's responsibility. The DDC system
shoul d only enable or disable the chiller, chilled water punp,
condenser water punp, and in some cases chilled water and
condenser water reset. For chillers 150 tons and | arger, provide
an RS-485 conmuni cati on between the chiller mcroprocessor and
t he DDC system

g) Do not nodify the boiler mcroprocessor system
supplied with the equi pnent. Control and safety functions should
be the boiler manufacturer's responsibility. Design hot water
systens to maintain the boiler manufacturer's m ni numtenperature

when in operation but vary the hot water supply tenperature as
required to neet the building' s requirenents.
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h) Connect steam high tenperature hot water, gas, and
electric neters to the DDC for renote nonitoring of energy use of
t he buil di ng.

8.2 St andard Sequences of Operations

8.2.1 General Requirenents. These requirenents shall apply
to primary HVAC systens unl ess nodified herein. The sequences
describe actions of the control systemin one direction of change
I n the HVAC process anal og vari able, such as tenperature,

hum dity, or pressure. The reverse sequence shall occur when
direction of change is reversed unless specifically nodified.

8.2.2 Qperation of HVAC System Equi pnent shall be operated
in the optim zed start, occupied, or unoccupi ed nodes.

a) The optim zed start node energi zes the equi pnent at
maxi mum capacity at the latest tine required for heating up (or
cool ing down) the space to normal occupi ed tenperature
condi tions.

b) The occupi ed node mai ntai ns the occupi ed conditions
under all | oad variations while providing required ventilation.
Supply fan operates continuously.

c) The unoccupi ed node cycles the equipnent to
mai ntain a m ni nrum heating tenperature (or a maxi mum cool i ng
tenperature) in the space while providing no ventilation.

8.2.3 Operation of Qutside Air, Return Air, and Exhaust
(Relief) Air Danpers

a) Optimzed Start Mdde: CQutside air and exhaust air
danpers are closed and return air danpers are opened.

b) Occupied Mode: Qutside air danpers are opened to
the mninmumventilation air position. |f an econom zer outside
air cycle is provided, the outside air, return air, and exhaust
air danpers are automatically controlled. An outdoor air dry
bul b sensor di sabl es the econom zer cycle and mai ntains m ni mum
ventilation air when the outside air dry bulb tenperature exceeds
t he changeover point.

c) Unoccupied Mode: Qutside air and exhaust air
danpers are closed and return air danpers are opened.

8.2. 4 Qperation of Filtration System Differential pressure
sensor neasuring static pressure drop across the filter shal
Initiate alarm when pressure drop exceeds recommended val ue.
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8.2.5 peration of Freeze Protection. A freezestat with an
ext ended surface sensing el enent, |ocated ahead of the chilled
water coil, shall stop the supply fan, return system conponents

to their fail-safe position, and initiate a | owtenperature alarm
If the tenperature at any point of the sensing elenent falls
bel ow t he setpoint. Nornal operation will occur only after the
freezing condition is corrected and the freezestat is manual ly
reset.

8.2.6 Qperation of Snoke Detectors. Duct type snoke
detectors located in the supply fan discharge air duct and in the
return air duct (as required by NFPA) shall stop the supply fan
return system conponents to their fail-safe position, and shal
activate the snoke alarmif either detector senses the presence
of snoke. Nornmal operation will occur only after the snoke is
cleared and the detector(s) is manually reset.

8.2.7 peration of Chilled Water Coil Discharge Control. A
dry bulb tenperature sensor |ocated in the chilled water coi
di scharge air shall, on a rise in tenperature, first, gradually

cl ose the preheat coil valve, next, gradually open the outside
air danper fromits mninmumventilation air position while

simul taneously gradually close the return air danper (ensure

t horough m xi ng) and gradual |y openi ng the exhaust air danper,
and then gradually open the chilled water coil valve. An outdoor
air dry bulb sensor disables the econom zer cycle and naintains
m ni mum ventilation air when outside air dry bulb tenperature
exceeds the changeover point.

8.2.8 Qperation of Preheat Coil Control. (Were required by
out door design tenperatures and ventilation air requirenents.)

A dry bulb tenperature lowlimt sensor |ocated in the mxed air
(ensure thorough mxing) shall, on a fall in tenperature,
gradual ly open the preheat coil valve. Primary control shall be
sequenced by the chilled water coil discharge sensor or supply
air sensor.

8.2.9 Qperation of Heating Coil Control. A dry bulb
tenperature sensor |located in the heating coil discharge air
shall, on a rise in dry bulb air tenperature, gradually close the

heati ng coil val ve.

8.2.10 Operation of Space Control (Single Zone Unit). A room
type dry bulb tenperature sensor |located in the nost critical
spot shall, on arise in dry bulb tenperature in the space, first
gradual ly close the heating coil valve, next gradually close the
preheat coil valve, then gradually open the outside air danper
fromits mninmumventilation air position while sinultaneously
gradually close the return air danper (ensure thorough m xi ng)
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and gradual |y opening the exhaust air danper, and finally
gradual ly open the chilled water coil valve. A dry bulb
tenperature low limt sensor |ocated in the mxed air (ensure
thorough m xing) shall, on a fall in tenperature, gradually open
the preheat coil valve. An outdoor air dry bulb sensor disables
the econom zer cycle and nmaintains mninmmventilation air when
outside air dry bulb tenperature exceeds the changeover point.

8.2.11 Qperation of Space Control (Multizone Unit). A room
type dry bulb tenperature sensor |located in the nost critical
spot shall, on arise in dry bulb tenperature in the space,
gradual Iy open the cold deck danper while simnultaneously
gradual ly cl ose the hot deck danper.

8.2.12 Qperation of Space Control (VAV Terminal Unit -
Pressure Dependent). A roomtype dry bulb tenperature sensor

| ocated in the nost critical spot shall, on arise in dry bulb
tenperature in the space, gradually open the VAV term nal box
cold air val ve.

8.2.13 Qperation of Supply Duct Pressure Control. A supply
duct static pressure sensor |ocated two-thirds the distance from
the fan of the length of the | ongest supply duct run shall, on a
rise in static pressure, gradually reduce the speed of the

el ectric notor variable speed drive and close the fan vortex
danper. A high-limt duct static pressure sensor |ocated at the
fan di scharge shall override the supply duct static pressure
sensor to limt pressures to design val ues.

8.3 Single Zone Unit Sequence of Operations (Sanple). See
Figure 33 and Tabl e 15.

a) Ceneral: Sequences describe actions of the control
systemin one direction of change in the HVAC process anal og
vari abl e, such as tenperature, humdity, or pressure. Reverse
sequence shall occur when direction of change is reversed unl ess
specifically nodified.

b) Optimzed Start Mdde: Energize equi pnent at
maxi mum capacity at the latest tine required for heating up (or
cool i ng down) the space to normal occupi ed tenperature
conditions. Qutside air and exhaust air danpers are closed and
return air danpers are opened.

c) Qccupied Mode: Mintain occupied conditions under
| oad variations while providing required ventilation. Supply fan
operates continuously. CQutside air danpers are opened to the
m nimumventilation air position. |f an econom zer outside air
cycle is provided, the outside air, return air, and exhaust air
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danpers are automatically controlled. An outdoor air dry bulb
sensor di sabl es the econom zer cycle and maintains m ni num
ventilation air when outside air dry bulb tenperature exceeds the
changeover point.

d) Unoccupi ed Mode: Cycle the equipnent to maintain
m ni mum heati ng tenperature (or maxi num cooling tenperature) in
the space while providing no ventilation. Qutside air and
exhaust air danpers are closed and return air danpers are opened.

e) Maintenance and Safety Mdde: A differential
pressure sensor neasuring static pressure drop across the filter
shall initiate an alarm when the pressure drop exceeds the
recommended val ue.

A freezestat with extended surface sensing el enent
| ocat ed ahead of the chilled water coil shall stop the supply
fan, return system conponents to their fail-safe position, and
initiate a lowtenperature alarmif the tenperature at any point
of the sensing elenment falls bel ow the setpoint. Norma
operation shall occur only after the freezing condition is
corrected and the freezestat is nanually reset.

f) Room Control Mde: A roomtype dry bulb
tenperature sensor |located in the nost critical spot shall, on a
rise in dry bulb tenperature in the space, first gradually close
the heating coil valve, next gradually close the preheat coi
val ve, then gradually open the outside air danper fromits
m nimum ventilation air position while simnmultaneously gradually
close the return air danper (ensure thorough m xing) and
gradual |y opening the exhaust air danper, and finally gradually
open the chilled water coil valve. A dry bulb tenperature |ow
limt sensor located in the m xed air (ensure thorough m xing)

shall, on a fall in tenperature, gradually open the preheat coi
valve. A dry bulb tenperature low limt sensor |located in the
supply air shall, on a fall in tenperature, gradually open the

heating coil valve. An outdoor air dry bulb sensor disables the
econom zer cycle and maintains mninmumventilation air when
outside air dry bulb tenperature exceeds the changeover point.

8.4 Mil tizone Unit Sequence of Operation (Sanple). See
Figure 34 and Tabl e 16.

a) Ceneral: Sequences describe actions of the control
systemin one direction of change in the HVAC process anal og
vari abl e, such as tenperature, humdity, or pressure. Reverse
sequence shall occur when direction of change is reversed unl ess
specifically nodified.
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Tabl e 15
Equi prent for Single Zone HVAC Control System XX
LOOP CONTROL DEVI CE DEVI CE ADDI T1 ONAL
FUNCTI ON NUMBER FUNCTI ON  SETPO NT RANGE PARAMETERS
ROOM ZONE DA- XX01, DAMPER - - 4-20 ma M N. O A
TEMPERATURE 02, 03 ACTUATOR XXXX CFM
-- OUTDOOR AIR 65° F  -- SOFTWARE
DB H LIMT PO NT
TS XX01 M XED Al R 55° F 30-130° F = -
LONLIMT
TEMPERATURE
SENSOR
VLV- XX01 PREHEAT COL -- 4-20 ma Cv-10
VALVE CLCSE
AGAI NST
16 PSI G
TS-XX02  SUPPLY AIR 55° F 40-140° F  --
VLV- XX02 HEATING COL -- 4-20 ma Cv-12
VALVE CLOSE
AGAI NST
16 PSI G
VLV-XX03 COOLING COL -- 4-20 m  CVv-20
VALVE CLCSE
AGAI NST
20 PSIG
TS-XX03  ROOM ZONE  H70° F 50-100° F WTH
TEMPERATURE C-76° F SETPO NT
SENSOR N-55° F ADJUST-
MENT &
OVERRI DE
SW TCH
SAFETY & TSL- XX01 LOW 35° F - - - -
MAI NTENANCE TEMPERATURE
PROTECTI ON
THERMOSTAT
SD- XX01 SUPPLY AIR  -- -- --
SMOKE DETECTOR
SD- XX02 RETURN AIR - - -- --
SMOKE DETECTOR
DP- XX01 FILTER STATUS 0.5 IN. 0-2 IN.  --

Dl FFERENTI AL WG
PRESSURE

WG
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Tabl e 15 (Conti nued)

Equi prent for Single Zone HVAC Control System XX
LOOP CONTROL DEVI CE DEVI CE ADDI TI ONAL
FUNCTI ON NUVBER FUNCTI ON SETPO NT RANGE  PARAMETERS
SAFETY & TS- XX04 RETURN AIR  -- 50- 100° F --
MAI NTENANCE TEMPERATURE
( CONT’ D) SENSOR
SUPPLY FAN R- XX01 SUPPLY FAN  -- - - - -
START RELAY
CS-XX01  SUPPLY FAN  -- - - - -

CURRENT SENSOR
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Control System Schematic for Multizone HVAC System XX

Table 16

for Multizone HVAC Control System

DEVICE
FUNCTION

DAMPER
ACTUATOR
OUTDOOR AIR
DB HI LIMIT
MIXED AIR
LOw LIMIT
TEMPERATURE
SENSOR

SETPOINT

116

65 deg F

55 deg F

30-130 deg F

ADDITIONAL
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MIN.O.A.
XXXX CFM
SOFTWARE
POINT
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Tabl e 16 (Conti nued)

Equi prrent for Miultizone HVAC Control System XX
LOOP CONTROL DEVI CE DEVI CE ADDI TI ONAL
FUNCTI ON NUVBER FUNCTI ON SETPO NT RANGE PARAMETERS
COLD DECK VLV- XX01 PREHEAT CO L -- 4-20 ma CV-10
TEMPERATURE VALVE CLOSE
( CONT’ D) AGAI NST
16 PSI G
TS- XX02 COLD DECK 55° F  40-140° F --
TEMPERATURE
SENSOR
VLV- XX02 COOLING COL -- 4-20 ma  CV-20
VALVE CLOSE
AGAI NST
20 PSIG
HOT DECK TS- XX03 HOT DECK 180° F 40-240° F
TEMPERATURE TEMPERATURE
SENSOR
VLV- XX03 HEATING COL -- 4-20 ma Cv-12
VALVE CLOSE
AGAI NST
16 PSI G
ROOM SENSCRS TS- XX04 ROOM H 70° F 50-100° F WTH
( MULTI PLE) TEMPERATURE C-76° F SETPO NT
SENSORS N-55° F ADJUST-
MENT &
OVERRI DE
SW TCH
DA- XX04 ZONE DAMPER - - 4-20 ma ONE PER
ACTUATORS ZONE
SAFETY & TSL- XX01 LOW 35° F -~ - -
MAI NTENANCE TEMPERATURE
PROTECTI ON
THERMOSTAT
SD- XX01 SUPPLY AIR - - - - - -
SMOKE DETECTOR
SD- XX02 RETURN AIR  -- - - - -
SMOKE DETECTOR
DP- XX01 FILTER STATUS 0.5 IN. 0-2 IN. --
DI FFERENTI AL W G WG
PRESSURE
TS- XX04 RETURN Al R - - 50-100° F --
TEMPERATURE
SENSOR
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Tabl e 16 (Conti nued)
Equi prent for Miultizone HVAC Control System XX

LOOP CONTROL DEVICE  DEVI CE ADDI TI ONAL
FUNCTI ON NUVBER FUNCTION SETPO NT RANGE  PARAMETERS
SAFETY & TS-XX04 RETURN AIR  -- 50- 100° F .-
MAI NTENANCE TEMPERATURE
( CONT’ D) SENSOR
SUPPLY FAN R XX01  SUPPLY FAN .- .- -
START RELAY
CS- XX01 SUPPLY FAN .- .- A
CURRENT SENSCR

b) Optimzed Start Mde: Energize equi pnent at
maxi mum capacity at the latest tinme required for heating up (or
cool ing down) the space to normal occupied tenperature
conditions. CQutside air and exhaust air danpers are closed and
return air danpers are opened.

c) Cccupied Mde: Maintain occupied conditions under
all load variations while providing required ventilation. Supply
fan operates continuously. Qutside air danpers are opened to the
m nimum ventilation air position. |f an econom zer outside air
cycle is provided, the outside air, return air, and exhaust air
danpers are autonmatically controlled. An outdoor air dry bulb
sensor di sabl es the econonizer cycle and maintai ns mni mum
ventilation air when outside air dry bulb tenperature exceeds the
changeover point.

d) Unoccupi ed Mbde: Cycle the equipnment to maintain
m ni mum heating tenperature (or maxi mum cooling tenperature) in
t he space while providing no ventilation. Qutside air and
exhaust air danpers are closed and return air danpers are opened.

e) Maintenance and Safety Mode: A differential
pressure sensor neasuring static pressure drop across the filter,
shall initiate an al arm when the pressure drop exceeds the
recomrended val ue.

A freezestat with extended surface sensing el enent
| ocat ed ahead of the chilled water coil shall stop the supply
fan, return system conponents to their fail-safe position, and
initiate a lowtenperature alarmif the tenperature at any point
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of the sensing element falls below the setpoint. Normnal
operation will occur only after the freezing condition is
corrected and the freezestat is manually reset.

f) Chilled Water Coil Discharge Air Mbde: A dry bulb
tenperature sensor located in the chilled water coil discharge
air shall, on arise in tenperature, first gradually close the
preheat coil valve, next gradually open the outside air danper
fromits mninmumventilation air position while sinultaneously
gradually close the return air danper (ensure thorough m xi ng)
and gradually open the exhaust air danper, and then gradually
open the chilled water coil valve. A dry bulb tenperature |ow
limt sensor located in the mxed air (ensure thorough m xi ng)
shall, on a fall in tenperature, gradually open the preheat coi
val ve. An outdoor air dry bulb sensor disables the econom zer
cycle and maintains mninmmventilation air when outside air dry
bul b tenperature exceeds the changeover point.

g) Heating Coil Discharge Air Mode: A dry bulb
tenperature sensor |located in the heating coil discharge air
shall, on arise in dry bulb air tenperature, gradually close the
heating coil valve.

h) Room Control Mode: A roomtype dry bulb
tenperature sensor |located in the nost critical spot shall, on a
rise in dry bulb tenperature in the space, gradually open the
col d deck danper while sinultaneously gradually close the hot
deck danper.

8.5 Variable Air Volune (VAV) Unit Sequence of Operation
(Sanmple). See Figure 35 and Table 17.

a) Ceneral: Sequences describe actions of the control
systemin one direction of change in the HVAC process anal og
vari abl e, such as tenperature, humdity, or pressure. Reverse
sequence shall occur when direction of change is reversed unl ess
specifically nodified.

b) Optimzed Start Mdde: Energize equi pnent at
maxi mum capacity at the latest tine required for heating up (or
cooling down) the space to normal occupied tenperature
conditions. Qutside air and exhaust air danpers are closed and
return air danpers are opened. Fans of series type VAV term na
units shall start.

c) Qccupied Mode: Maintain occupied conditions under
all load variations while providing required ventilation. Supply
fan operates continuously. Qutside air danpers are opened to the
m nimumventilation airflow by the air nonitoring unit for al
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val ues of supply fan flow. [If an econom zer outside air cycle is
provi ded, the outside air, return air, and exhaust air danpers
are automatically controlled. An outdoor air dry bulb sensor

di sabl es the econom zer cycle and nmaintains mnimumventilation
air when the outside air dry bulb tenperature exceeds the
changeover point. Fans of series type VAV termnal units shal
run continuously.

d) Unoccupied Mode: Cycle the VAV termnal units at
maxi mum heati ng capacity to maintain mninmum heating tenperature
in the space while providing no ventilation. Qutside air and
exhaust air danpers are closed and return air danpers are opened.

e) Maintenance and Safety Mode: A differential
pressure sensor neasuring static pressure drop across the filter
shall initiate an al arm when the pressure drop exceeds the
recomrended val ue.

A freezestat with extended surface sensing el enent
| ocat ed ahead of the chilled water coil shall stop the supply
fan, return system conponents to their fail-safe position, and
initiate a lowtenperature alarmif the tenperature at any point
of the sensing elenment falls bel ow the setpoint. Norma
operation will occur only after the freezing condition is
corrected and the freezestat is nanually reset.

f) Supply Fan Di scharge Air Mode: A dry bulb
tenperature sensor |located in the supply air fan discharge air
shall, on arise in tenperature, first gradually close the
preheat coil valve, next gradually open the outside air danper
fromits mnimumventilation air position while sinultaneously
gradually close the return air danper (ensure thorough m xing)
and gradual ly open the exhaust air danper, and then gradually
open the chilled water coil valve. A dry bulb tenperature |ow
limt sensor |ocated in the m xed air (ensure thorough m xing)
shall, on a fall in tenperature, gradually open the preheat coi
val ve. An outdoor air dry bulb sensor disables the econom zer
cycle and maintains mninmmventilation air when the outside air
dry bul b tenperature exceeds the changeover point.

g) Supply Duct Static Pressure Mdde: A supply duct
static pressure sensor |ocated two-thirds the distance fromthe
fan of the length of the | ongest supply duct run shall, on a rise
in static pressure, gradually reduce the speed of the electric
notor variabl e speed drive and close the fan vortex damper. A
high-limt duct static pressure sensor |ocated at the fan
di scharge shall override the supply duct static pressure sensor
tolimt pressures to design val ues.
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Control System Schematic for VAV HVAC System XX
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POINT DESCREPTION
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Figure 35 (Continued)
Control System Schematic for VAV HVAC System XX
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Tabl e 17

Equi prent for VAV HVAC Cont r ol

Syst em XX

LOOP CONTROL DEVI CE

FUNCTI ON

SUPPLY Al R
TEMPERATURE

SUPPLY DUCT
STATIC
PRESSURE

SAFETY &
MAI NTENANCE

NUVBER

DA- XX01,
02, 03
AMJ- XX01

DEVI CE
FUNCTI ON

DAVPER --
ACTUATOR
Al R MONI - --

SETPO NT  RANGE

4-20 nm

ADDI Tl ONAL
PARAMETERS

MN OA

TORING UNI' T
QUTDOOR Al R
DB H LIMT
M XED Al R
LONLIMT
TEMPERATURE
SENSOR
PREHEAT CO L --
VALVE

TS- XX01

VLV- XX01

TS- XX02 SUPPLY AIR  55° F
FAN DI SCHARCGE
TEMPERATURE
SENSOR

COOLING CO L --

VALVE

VLV- XX02

PS- XX01
STATIC WG
PRESSURE
SENSOR
PS- XX02
HGHLIMT
STATI C
PRESSURE
SENSOR
SFC- XX01 SUPPLY FAN - -
VARI ABLE SPEED
CONTROLLER
TSL- XX01 LOW
TEMPERATURE
PROTECTI ON
THERMOSTAT

WG

35°

SUPPLY DUCT 1.5IN. 0-5 IN

XXXX CFM
SOFTWARE
PO NT

F --

30-130°

4-20 ma Cv-10
CLGSE
AGAI NST
16 PSI G

40- 140° F

4-20 ma Cv- 20
CLGSE
AGAI NST
20 PSI G

WG

FAN DI SCHARGE 3.5 IN. O-5 IN.  --

WG

4-20 ma

123




M L- HDBK- 1003/ 3

Tabl e 17 (Conti nued)

Equi prent for VAV HVAC Control System XX
LOOP CONTROL DEVI CE DEVI CE ADDI TI ONAL
FUNCTI ON NUVBER FUNCTI ON  SETPO NT RANGE PARAMETERS
SAFETY & SD- XX01 SUPPLY Al R - - - - - -
MAI NTENANCE SMOKE DETECTOR
( CONT’ D) SD- XX02 RETURN Al R - - - - - -
SMOKE DETECTOR
DP- XX01 FILTER STATUS 0.5 IN.  0-2 IN. --
D FFERENTIAL WG WG
PRESSURE
TS- XX04 RETURN Al R - - 50-100° F - -
TEMPERATURE
SENSOR
SUPPLY FAN R-XX01 SUPPLY FAN - - -- - -
START RELAY
CS- XX01 SUPPLY FAN - - -- - -
CURRENT SENSOR
ROOM SENSORS TS- XX04 ROOM H 70° F 50-100° F WTH
( MULTI PLE) TEMPERATURE C-76° F SETPO NT
SENSORS N-55° F ADJUST-
MENT &
OVERRI DE
SW TCH
DA- XX04 VAV TERM NAL - - 4-20 ma  ONE PER
BOX COLD AIR ZONE
VALVE
VLV- XX03 VAV HEATI NG - - 4-20 ma CV VARI ES
CO L VALVE CLCSE
AGAI NST
16 PSI G
R- XX02 VAV TERM NAL - - - - - -
BOX FAN START
RELAY
h) Room Control Mdde: A roomtype dry bulb
tenperature sensor |located in the nost critical spot shall, on a

rise in dry bulb tenperature in the space,

term nal box cold air val ve.

8.6 Conmi ssi oni ng Procedur es

8.6.1 Functional Perfornmance Test.
functional performance test as described
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Verify and docunent the performance of the control system as
requi red by the Comm ssioning Plan prepared by the Comm ssioning
Aut hority. Final positions of manual bal anci ng danpers and

val ves shall be marked on the device. Permanently record, on
system equi pnent schedul e, the final setting of controller
proportional, integral, and derivative constant settings in units
and term nol ogy specific to the controller. This wll becone
part of the O&M nmanual .

8.6.2 Preparation for Acceptance Testing. Execute a detailed
static and functional checkout procedure to ensure that systens
are ready for functional performance testing.

8.6.3 System Stati c Checkout

8.6.3.1 (bservation. Provide a detailed inspection to assure
that all equipment is properly nounted, sensors are properly
install ed and connected, control devices are properly installed,
and controllers and control devices are properly connected.

8.6.3.2 Calibration. Check, verify, and calibrate all sensors
i ncludi ng those sensors that are "factory calibrated.” Performa
t wo- poi nt accuracy check of the calibration of each HVAC control
system sensi ng el ement by conparing the HVAC control |l er readout
to the actual value of the variable nmeasured at the sensing

el ement or airflow neasurenent station |location. Use digital
indicating test instrunents, such as digital thernoneters,
notor-driven psychroneters, and tachoneters. Test instruments
shall be at |east twice as accurate as the specified sensing

el ement-to-controll er readout accuracy. Calibration of test
instruments shall be traceable to National Institute of Standards
and Technol ogy (NI ST) standards. In the shutdown condition,
calibration checks shall verify that the sensing el enent-to-
control |l er readout accuracies at two points are wthin the

speci fied product accuracy tolerances. |If not, re-calibrate or
replace the inaccurate device and repeat the calibration check.

a) Check insertion tenperature and i mersion
tenperature sensing elenent and transmtter-to-controller readout
calibration accuracy at one physical |ocation along the axis of
t he sensing el enent.

b) Check averagi ng tenperature sensing el enment and
transmitter-to-controller readout calibration accuracy every 2
feet along the axis of the sensing elenment in the proximty of
the sensing elenent, for a maxi mum of 10 readi ngs. Then average
t hese readi ngs.
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c) Verify space type sensors by placing the test
instrunment as cl ose as possible to the sensor to neasure
identical conditions. Mintain the test for a sufficient |ength
to ensure achieving stable conditions.

8.6.3.3 Qperation

a) Each controller shall be configured for its
specified service. Verify each sequence of operation for each
HVAC system and subsystem Verify that each controlled device
responds to the proper controller, in the proper manner, and at
the proper tine. Verify the fail-safe position for each
conponent of the system

b) Set the tine schedule of controllers in accordance
with the sequence of operation and the established time schedul e.

8.6.4 System Dynam ¢ Checkout. Perform weat her-dependent
test procedures that cannot be perforned by sinmulation in the
appropriate climati c season. Wen sinulation is used, verify the
actual results in the appropriate season.

a) Use the controllers' manual -automatic sw tches as
t he neans of mani pul ating control devices such as danpers and
val ves to check operation and to effect stable conditions, prior
t o maki ng neasurenent checks.

b) Performa controller tuning procedure, which shal
consi st of setting the initial proportional, integral, and
derivative (PID) node constants, controller setpoints, and
| oggi ng the settings. Tuning shall be self-tuning operation by
the controller unless manual tuning is necessary.

8.6.4.1 Controller Manual - Tuning Procedure. A controller
manual tuning procedure is described in three steps using a
constant tenperature setpoint controller as an exanple.

a) Step 1. This step shall consist of the foll ow ng:

(1) Index the controller manual -automatic switch
to the automatic position, and set the integral and derivative
node constants to zero.

(2) Set the proportional node constant to an
initial setting of 8 percent. This corresponds to a 2.0 na per
degree F or a 1.5 psig per degree F proportional controller
out put change for a 100-degree F span. This causes the
controller output signal to vary fromzero output to full output
for an input signal change representing an 8-degree F change.
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(3) Controllers for other variables, such as
relative humdity and static pressure, shall have their
proportional node constants set initially in a simlar manner for
an achi evabl e out put range proportional to the transmtter span.

b) Step 2. This step shall consist of the follow ng:

(1) Set the controller tenperature setpoint at any
achi evabl e tenperature. (Qbserve the controller output and
transmtter input.

(2) If the transmtter input continuously
oscil | ates above and bel ow t he setpoint without settling at a
fixed value, or if such oscillation increases, the proportional
node constant is too small.

(3) |If the proportional nbde constant is too
small, increase it in steps until the transmtter input indicates
stable control at any tenperature, if the controller output is
not at either extreme of the output range.

(4) If the tenperature control point slowy drifts
toward or away fromthe controller setpoint, the proportiona
node constant is too large. Decrease its setting in steps until
oscillations occur as described in the precedi ng paragraphs, and
then increase the setting until stable control occurs.

(5) Introduce a step change in controller
setpoint. This should cause the controller to overshoot the
setpoint slightly, with each subsequent overshoot peak val ue
decreasing by a factor of two-thirds until stable control is
achi eved at, above, or bel ow the setpoint.

(6) Increase the integral node constant setting in
smal | steps, and introduce setpoint changes until control point
and controller setpoint coincide at stable control. This should
happen consistently after a setpoint change within a short tineg,
such as 5 to 10 m nutes.

c) Step 3. This step shall consist of the follow ng:
(1) Unless the HVAC process vari abl e changes
rapidly, the derivative node constant setting can remain at zero.
This is usually the case for nost HVAC applications.

(2) If derivative control is needed, gradually
i ncrease the derivative node constant.

127



M L- HDBK- 1003/ 3

(3) Introduce step changes in controller setpoint,
and adj ust the derivative node constant setting until stable
control is achieved.

d Step 4. After the controller manual tuning
procedure is conplete, set the controller at the predeterm ned
setpoint in the design draw ngs.

8.6.5 Procedures for Single Zone Control System (Sanple)

a) SystemlInspection. Cbserve the HVAC systemin its
shutdown condition. Check to see that power (and main air) is
(are) available for the HVAC system control devices. Check to
see that the outside air danper, relief air danper, heating coi
val ve, and cooling coil valve are closed, and that the return air
danper is open. Check to see that the preheat coil valve is
being controlled by the mxed air lowlimt controller.

b) Calibration Accuracy Check. Check with HVAC system
I n the shutdown condition. Take readings with a digital
thernoneter at each tenperature sensing el enent |ocation. Read
each controller display, and | og the thernoneter and controller
di splay readings. Check the calibration accuracy of the sensing
el ement to controller readouts for outside air, return air, m xed
air, and supply air tenperatures.

c) Actuator Range Adjustnents. Apply a signal to each
actuator, by placing the controller nmanual -automatic switch in
t he manual position. Verify visually the proper operation of the
actuators for danpers and valves. Vary the signal from4 nma (or
3 psig) to 20 ma (or 15 psig), and verify that the actuators
travel fromzero stroke to full stroke within the signal range.
bserve that sequenced and parallel operated actuators nove from
zero stroke to full stroke in the proper direction, and nove the
connected device in the proper direction fromone extrene
position to the other. Exanple: Normally closed actuators are
closed at 4 ma (or 3 psig) and are open at 20 ma (or 15 psig).
Log the signal |evels that nove the controlled device to its
extrene positions.

d) Control System Startup

(1) Wth the fan ready to start, apply the
optim zed start node conmand, and observe that the designated
supply fan starts. (bserve that the outside air and relief air
danpers are closed, the return air danper is open, and the
heating coil valve and preheat coil valve (cooling coil valve)
are in the warmup (cool down) position. Change the command to
occupi ed node and observe that the outside air danper, return air
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danper, relief air danper, heating coil valve, preheat coi
val ve, and chilled water valve are in control, by changing the
controll er output.

(2) Apply the m ni num outside air node signal
bserve that the outside air danper opens to the m ni num
posi tion.

(3) Index the mxed air lowlimt tenperature
controll er manual -automatic switch to the manual position.
Performthe two-point calibration accuracy check of sensing
el ement-to-controller readout. Index the mxed air lowlimt
tenperature controller manual -automatic switch to the automatic
position. Change the controller output to open the preheat coi
valve slightly. Performthe controller tuning procedure. Set
the controller at the predeternm ned tenperature setpoint. Apply
t he econom zer node input signal, and observe that the outside
air, return air, and relief air danpers are under control. |ndex
the supply air lowlimt tenperature controller manual -automatic
switch to the manual position. Performthe two-point calibration
accuracy check of sensing elenent-to-controller readout. |ndex
the supply air lowlinmt tenperature controller manual -automatic
switch to the automatic position. Change the controller output
to open the heating coil valve slightly. Performthe controller
tuni ng procedure. Set the controller at the predeterm ned
tenperature setpoint. Index the roomtenperature controller
manual -automatic switch to the nmanual position, and performthe
t wo- poi nt calibration accuracy check of sensing el ement-to-
controll er readout. Index the controller manual -automatic sw tch
to the automatic position, and performthe controller tuning
procedure. Set the controller at the tenperature setpoint as
shown.

(4) Apply an unoccupi ed node signal, and observe
that the HVAC system shuts down, and the control system assunes
t he specified shutdown conditions. Raise the night thernostat
tenperature setting and observe that the HVAC system starts.
Lower the setting and observe that the HVAC system stops. Set
the night thernostat at the predeterm ned setting.

(5 Wth the HVAC systemrunning, sinulate a
filter differential pressure switch input signal at the device.
Observe that the filter alarmis activated. Set the differentia
pressure switch at the predeterm ned setpoint.

(6) Wth the HVAC systemrunning, sinmulate a | ow

tenmperature condition at the freezestat. Cbserve HVAC system
shutdown and that the |ow tenperature alarmis activated. Set
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the thernostat at the predeterm ned setpoint. Restart the HVAC
system by nmanual reset, and observe that the alarmis
deacti vat ed.

(7) Wth the HVAC system running, sinulate a snoke
detector trip input signal at each detector, and observe and
verify operation as described in the sequence of operation.
Perform sinmulation without false-alarmng any life safety
systens. (bserve that the HVAC system shuts down and the al arm
is activated. Reset the detectors. Restart the HVAC system by
manual reset, and observe that the alarmis deactivated.

8.6.6 Procedures for Miltizone Control System (Sanple)

a) SystemlInspection. Cbserve the HVAC systemin its
shutdown condition. Check to see that power (and main air) is
(are) available for the HVAC system control devices. Check to
see that the outside air danper, relief air danper, heating coi
val ve, and cooling coil valve are closed, and that the return air
danper is open. Check to see that the preheat coil valve is
being controlled by the mxed air lowlimt controller.

b) Calibration Accuracy Check. Check with the HVAC
systemin the shutdown condition: take readings with a digital
thernoneter at each tenperature sensing el enent |ocation; read
each controller display, and | og the thernoneter and controller
di spl ay readi ngs; and check the calibration accuracy of the
sensing elenent to controller readouts for outside air, return
air, mxed air, cold deck air, and hot deck air tenperatures.

c) Actuator Range Adjustnents. Apply a signal to each
actuator by placing the controller manual -automatic switch in the
manual position. Verify visually the proper operation of the
actuators for danpers and valves. Vary the signal from4 nma (or
3 psig) to 20 ma (or 15 psig), and verify that the actuators
travel fromzero stroke to full stroke within the signal range.
bserve that sequenced and parall el operated actuators nove from
zero stroke to full stroke in the proper direction, and nove the
connected device in the proper direction fromone extrene
position to the other. Exanple: Nornmally closed actuators are
closed at 4 nma (or 3 psig) and are open at 20 ma (or 15 psig).
Log the signal levels that nove the controlled device to its
extrene positions.

d) Control System Startup
(1) Wth the fan ready to start, apply the
optim zed start node conmand, and observe that the designated
supply fan starts. (Gbserve that outside air and relief air
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danpers are closed, the return air danper is open, and the
heating coil valve and preheat coil valve (cooling coil valve)
are in the warmup (cool down) position. Change the conmand to
occupi ed node and observe that the outside air danper, return air
danper, relief air danper, heating coil valve, preheat coi

val ve, and chilled water valve are in control, by changing the
controll er output.

(2) Apply the m ni mum outside air node signal
(bserve that the outside air danper opens to the m ni num
posi tion.

(3) I ndex the cold deck coil tenperature
controll er manual -automatic switch to the manual position, and
performthe two-point calibration accuracy check of sensing
el ement-to-controller readout. 1ndex the controller
manual -automatic switch to the automatic position, and perform
the controller tuning procedure. Set the controller at the
tenperature setpoint as shown. Index the mxed air lowlimt
tenperature controller nmanual -autonmatic switch to the nanual
position. Change the controller output to open the preheat coi
valve slightly. Performthe two-point calibration accuracy check
of sensing el enent-to-controller readout for outside air, return
air, and mxed air tenperatures. Index the mxed air lowlimt
tenperature controller manual -automatic switch to the automatic
position. Apply the econom zer node input signal, and observe
that the outside air, return air, and relief air danpers are
under control. Performthe controller tuning procedure. Set the
controller at the predeterm ned tenperature setpoint.

(4) Apply an unoccupi ed node signal, and observe
that the HVAC system shuts down, and the control system assunes
t he specified shutdown conditions. Raise the night thernostat
tenperature setting and observe that the HVAC system starts.
Lower the setting and observe that the HVAC system stops. Set
the night thernobstat at the predeterm ned setting.

(5 Wth the HVAC systemrunning, sinulate a
filter differential pressure switch input signal at the device.
Observe that the filter alarmis activated. Set the differential
pressure switch at the predeterm ned setpoint.

(6) Wth the HVAC systemrunning, sinmulate a | ow
tenperature condition at the freezestat. Cbserve HVAC system
shutdown and that the | ow tenperature alarmis activated. Set
the thernostat at the predeterm ned setpoint. Restart the HVAC
system by manual reset, and observe that the alarmis
deact i vat ed.
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(7) Wth the HVAC system running, simnmulate a snoke
detector trip input signal at each detector, and observe and
verify operation as described in the sequence of operation.
Perform simulation without false-alarmng any life safety
systens. (bserve that the HVAC system shuts down and the al arm
is activated. Reset the detectors. Restart the HVAC system by
manual reset, and observe that the alarmis deactivated.

(8) Raise the tenperature setpoint of each room
t hernost at and observe that the zone danper closes to the cold
deck and opens to the hot deck. Calibrate the roomthernostat of
each zone. Set each roomthernostat at its predeterm ned
set poi nt.

8.6.7 Variable Air Volune Control System (Sanple)

a) SystemlInspection. Cbserve the HVAC systemin its
shutdown condition. Check to see that power (and main air) is
(are) available for the HVAC system control devices. Check to
see that the outside air, relief air danpers, heating coil valve,
and cooling coil valve are closed, and the return air danper is
open. Check to see that the preheat coil valve is being
controlled by the mxed air lowlimt controller.

b) Calibration Accuracy Check Wth HVAC Systemin
Shut down Condition. Take readings with a digital thernoneter at
each tenperature sensing elenent |ocation. Read each controller
display, and log the thernoneter and controller display readings.
Check the calibration accuracy of the sensing el enent-to-
controller readout for outside air, return air, mxed air, and
cooling coil discharge air tenperatures.

c) Actuator Range Adjustnents. Apply a signal to each
actuator by placing the controller manual -automatic switch in the
manual position. Verify visually the proper operation of the
actuators for danpers and valves. Vary the signal from4 nma (or
3 psig) to 20 ma (or 15 psig), and verify that the actuators
travel fromzero stroke to full stroke within the signal range.
bserve that sequenced and parall el operated actuators nove from
zero stroke to full stroke in the proper direction, and nove the
connected device in the proper direction fromone extrene
position to the other. Exanple: Nornmally closed actuators are
closed at 4 nma (or 3 psig) and are open at 20 ma (or 15 psig).
Log the signal levels that nove the controlled device to its
extrene positions.

d) Control System Startup
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(1) Wth the fan ready to start, apply the
optim zed start nopde conmand, and observe that the designated
supply fan starts. Observe that the outside air danper and
relief air danper are closed, the return air danper is open, and
the heating coil valve and preheat coil valve (cooling coi
valve) are in the warmup (cool down) position. Change the
command to occupi ed node and observe that the outside air danper,
return air danper, relief air danper, heating coil valve, preheat
coil valve, and chilled water valve are in control, by changing
the controll er output.

(2) Apply the mninmmoutside air node signal.
bserve that the outside air danper opens to its m ninum
posi tion.

(3) Wth the supply fan running, sinmulate a high
static pressure input signal at the device by pressure input to
t he sensing device. GObserve HVAC system shutdown and that the
high pressure alarmis activated. Restart the HVAC system by
manual reset, and observe that the high static pressure alarmis
deact i vat ed.

(4) Index the supply fan static pressure
controll er manual -automatic switch to the nmanual position and
perform a two-point accuracy check of sensing el enent-to-
controller readout. Place the controller in the |ocal setpoint
node. Index the controller manual -automatic switch to the
automatic position, and performthe controller tuning procedure.
Set the controller at the specified static pressure setpoint, and
| og the nobde constant setpoints.

(5) Index the supply air tenperature controller
manual -automatic switch to the nmanual position, and performthe
t wo- poi nt calibration accuracy check of sensing el ement-to-
controller readout. 1Index the controller manual -automatic sw tch
to the automatic position, and performthe controller tuning
procedure. Set the controller at the tenperature setpoint as
shown. Index the mxed air lowlimt tenperature controller
manual -automatic switch to the nmanual position. Change the
controller output to open the preheat coil valve slightly.
Performthe two-point calibration accuracy check of sensing
el ement-to-controller readout for outside air, return air, and
m xed air tenperatures. Index the mxed air lowlimt
tenperature controller manual -automatic switch to the automatic
position. Apply the econom zer node input signal, and observe
that the outside air, return air, and relief air danpers are
under control. Performthe controller tuning procedure. Set the
controller at the predeterm ned tenperature setpoint.
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(6) Apply an unoccupi ed node signal, and observe
that the HVAC system and fan powered VAV term nal units shut
down, and the control system assunes the specified shutdown
conditions. Raise the night thernostat tenperature setting and
observe that the VAV termnal units start with the termnal unit
heating val ve open. Lower the setting and observe that the VAV
termnal units stop. Set the night thernostat(s) at the
predeterm ned setting.

(7) Wth the HVAC systemrunning, sinulate a
filter differential pressure switch input signal at the device.
Qobserve that the filter alarmis activated. Set the differential
pressure switch at the predeterm ned setpoint.

(8 Wth the HVAC systemrunning, sinulate a | ow
tenperature condition at the freezestat. (Cbserve HVAC system
shutdown and that the | ow tenperature alarmis activated. Set
the thernostat at the predeterm ned setpoint. Restart the HVAC
system by manual reset, and observe that the alarmis
deact i vat ed.

(9) Wth the HVAC systemrunning, sinulate a
snoke detector trip input signal at each detector, and observe
and verify operation as described in the sequence of operation.
Perform simul ati on without false-alarmng any life safety
systens. (bserve that the HVAC system shuts down and the alarm
is activated. Reset the detectors. Restart the HVAC system by
manual reset, and observe that the alarmis deactivated.

(10) Set each pressure dependent VAV term nal unit
to its mnimumdesign airflow with a nechanical stop for the cold
air danper. Set heating and cooling roomtenperature setpoints.
Qbserve and verify the actions of the controller, the operation
of the danper, and the operation of heating coil valves. Verify
t hat space tenperature i s nmaintained.
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Section 9: EQUI PVMENT LOCATI ON

9.1 Ceneral. Sonetines a building designer will seek

cl ever ways to hide mechani cal equi pnent rather than integrating
it into the building in a way that will best serve the Navy over
the life of the building. Although information and suggestions
on equi pnent | ocations are found throughout this handbook, it was
deened appropriate to repeat sone of this pertinent data within
this section.

9.2 Speci fi c Consi derations

9.2.1 Noi se. WII the noise fromthe equi pment affect the
use and occupancy of the building? Consider the follow ng:

a) Certain types of HVAC equipnment will emt a |ot of
noi se. Centrifugal chillers are one type of noise emtting
equi pnrent. Install chillers in a sub-room and enclose this room
with masonry walls so that there is enough mass to attenuate the
radi ated noi se. The reason for a separate roomis so that the
operators will not have to wear earnuffs all day to neet OSHA and
Navy noi se exposure criteria. They can stay out of the chiller
room nost of the tine.

b) WII objectionable |evels of noise | eak out and
bot her ot her occupants of the buil di ng or nei ghborhood? A
cl assic exanple of this is a noisy cooling tower that runs al
ni ght I ong and keeps the nearby housing residents awake. A tine
cl ock on the nechanical system can sonetines help this problem
Anot her exanpl e woul d be a noisy air handl er | ocated above a hung
ceiling that radiates sound downward into an occupi ed space
(perhaps the base commander's office).

9.2.2 Access for Operations and Mii nt enance

a) Is it a mjor building denolition effort to repair
or replace HVAC equi pnent ?

b) Is it a mjor effort for the rigger to nove
equi pnment out to the street for repair?

c) Design systens for ease of nmamintenance. |Is it easy
for the HVAC nechanic to get to the equipnent? Mist the HVAC
mechanic craw, set up |adders, use a flashlight, renove a
| ouver, renove access panels, wal k on an unprotected roof, or use
arope to pull up his tools? Can the nechanic thread in
replacenent piping, pull the filters, punch the tubes, acid clean
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t he heat exchangers, and replace the fan bearings? Consider
provi di ng space for access, and lighting for maintenance, access
doors, wal kways, and catwal ks.

9.2.3 Bl ocked Access. Is a critical access blocked, or is an
annoyi ng del ay created when doi ng needed work on HVAC? Does the
oil delivery truck block the main entrance? Can the fire punper
truck get to the Sianese connection? Mist salt bags for the

wat er softener be trucked through the | obby or a main corridor?
Design for ease of maintenance.

9.2.4 Em ssion of Odors. A conmobn source of odor is a
kitchen range hood froma side wall outlet. Consider the geonetry
of the site and adjacent buil dings, both existing and proposed,
for planning intakes and exhaust points. Review 10 year base map
plan for future building |locations. Sonetines the kitchen
exhaust can be run up a shaft and exhausted above the roof.

Anot her hel pful way to mnimze the problemis to use a washdown
kitchen hood to reduce the odor.

Anot her source of odor is the pathol ogi cal waste
incinerator at a hospital. Even the newer types of incinerators
with after burners create problens when burning tissue. One
solution is to transport the pathological waste to a renote
i ncinerator site for burning.

Use this phil osophy when planning | aboratory exhaust
and outside air building intakes. Try point source contai nnment
or neutralization of noxious exhausts at the hoods or exhaust
poi nts or put stacks on the exhaust ducts.

9.2.5 Cooling Tower Vibration. Use care when |ocating
cooling towers on roofs of light steel frame buildings to avoid
har noni ¢ vi bration of equipnent. Vibration isolators are not

al ways a solution to this problem Analytical tools are
available to help solve vibration problens. A vibration engineer
can be retained to study vibration problens and provide
solutions. This kind of equipnent could be installed on the
basenent floor slab or |ocated el sewhere. Another possible
solution is to change the equi pnent vibration frequency by
providing a concrete pad under the machine to elimnate its

har noni cs.
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Section 10: FUNDAMENTAL DRAW NG DETAI LS

10.1 Ceneral. Refer to Section 4 and the A-E Handbook
i ssued by the | ocal NAVFACENGCOM EFD or EFA for an overvi ew of
the information required on the draw ngs.

10.2 Speci fics
10.2.1 System Di agrans and Schematics. See Figures 36 and 37

for exanples of system di agrans and schenmati cs.

10.2.2 Equi pnent Schedul es. See Tables 18 through 20 for
exanpl es of equi pnent schedul es.

10.2.3 Ri ser Diagranms. See Figures 38 and 39 for exanpl es of
ri ser diagrans.

10.2.4 Duct Pressure Cassifications. See Figure 40 for an
exanpl e showi ng duct pressure classifications.

10.2.5 Synbol s and Abbreviations. Consider the follow ng when
usi ng synbol s and abbrevi ati ons:

a) Use synbol s and abbreviations found in ASHRAE
Handbook, Fundanentals.

b) List only those synbols and abbrevi ations that are
used in the design.

c) Coordinate the various abbreviation |ists to ensure
that the abbreviations are not duplicated.
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Schematic Hot Water and Chilled Water Balancing Diagram
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Tabl e 18
Typical Uility Fan Schedul e
UTILITY FAN
NO. ON FAN SP MOTOR
DWGS TYPE DRIVE CFM RPM [ N. HP PH V REMARKS
UFY SISW BELT 2920 1750 3.30 5 3 240 NON- SPARKI NG
Tabl e 19
Sound Dat a Schedul e
MAXI MUM SOUND POVNER LEVEL (dB)
OCTAVE BAND LEVEL CENTER FREQUENCY (Hz)
EQUI PMENT 63 125 250 500 1000 2000 4000 8000
Al R COVPRESSOR 90 89 92 93 92 92 90 81
FAN 55 50 48 47 48 46 42 37
BA LER 75 72 72 75 76 63 55 50
FAN CO LS 68 66 62 58 52 47 43 37
PUMPS 85 80 82 82 80 77 74 72
Tabl e 20
Cool i ng Coil Schedul e
Al R ENTER- LEAVI NG WATER
S| ZE PRESSURE |ING AIR AIR PRESS. WATER
NO. ON I N. DROP IN DEG F DEG F DROP TEMP.
DWGS CFM W H WATER DB WB DB WB GPMFT IN OUJT
CC 1 7200 42 33 0.36 90 70 75 65 35 1.30 55 61.7
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Figure 38

Hot Water Riser Diagram
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Figure 39
Notes on Drawing Riser Diagram
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Designating Duct Pressure Classes
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Section 11: RULES OF THUMB GUI DANCE

11.1 Ceneral. The followi ng information provides gui dance
that could be used in planning to estimate utility requirenments
and to assess the adequacy of equipnent sizing during design
reviews. Note that it is preferable to do a quick bl ock | oad
cal cul ation instead of using these rules of thunb.

11.2 Al r Conditioning Capacity. See Table 21.

11.3 Heating Capacity. 35 to 40 Btu per square foot for
mld climate region (less than 4,000 degree days), no fresh air
| oad.

11. 4 Mbi sture Loads. See Table 22.

11.5 Chilled Water Grculation. 2.5 to 3.0 gallons per

m nute per ton.

11.6 Hot WAt er
Gallon per mnute = Btu/ h

(20 degree drop) 10, 000
Gal l on per mnute = Btu/h

500 x TD (tenperature drop)

11.7 Condenser Water. Required thermal capacity of cooling

wat er 15,000 Btu/h per ton, or

3 gpm per ton
11.8 Steam 1 pound of steam per 1,000 Btu.

11.9 Condensate. 120 gallons per 1,000 pounds steam
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Tabl e 21

Air Conditioning Load Estimating Factors

APPLI CATI ONS Al R CONDI TI ONI NG FLOOR AREA SQ FT./TON
( EXCEPT WHERE NOTED)

ADM NI STRATI ON BUI LDI NG
AUDI TORI UM5, THEATERS
BOALI NG ALLEYS

450- 600
0.004 TO 0.08 TONS/ SEAT
0.8 TO 1.4 TONS/ ALLEY

COVPUTER ROOVS 50 TO 150

DI NIl NG ROOVS 175 TO 450

DI SPENSARI ES 450 TO 550

ENLI STED MEN S AND 275 TO 375
OFFI CER S CLUBS

HOSPI TAL PATI ENT ROOVS 450 TO 550

MULTI PLE FAM LY HOUSI NG 900 TO 1275
UNI TS

RECREATI ON ROOVS 375 TO 450

RELI G QUS FACI LI TI ES 0.02 TO 0. 03 TONS/ SEATS

HOPS ( PRECI SI ON 450 TO 550
EQUI PMVENT)

TRAI NI NG FACI LI TI ES 400 TO 500

BACHELOR QUARTERS 725 TO 900

Tabl e 22

Typi cal Load Breakdown of Dehuni dified Warehouse

MO STURE MO STURE LOAD  PERCENT OF TOTAL MO STURE
SOURCE LB. WATER/ DAY  LOAD (FLOOR W MEMBRANE)
FLOOR (W THOUT 180 TO 420

A MENMBRANE)

FLOOR (W TH A 120 TO 240 19

MEMBRANE)

WALL TRANSM SSION 50 TO 100 8

ROOF TRANSM SSION 20 TO 60 3 TO5

BREATHI NG 40 TO 55 3 TO 4

WALL | NFI LTRATION 150 TO 300 24

OPEN DOCOR 200 TO 400 32

STORES (5% ANNUAL 50 TO 130 8 TO 11
TURNOVER)
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Section 12: FIRE PROTECTI ON AND SMOKE CONTROL

12.1 General. Conply with ML-HDBK-1008B. This is one
phase of the HVAC design effort when the designer should consult
early and often with the architectural designer to obtain

| ocations and ratings of firewalls, ceiling assenblies, exit

pat hways, snoke barrier partitions, shafts, stairwells, etc. It
is also the tinme to establish which codes and whi ch provisions of
these codes will apply.

12.2 System Design. Conply with NFPA 90A and NFGS- 15971 or
NFGS- 15972. Sonme general references that should be followed are
as foll ows:

a) Ceiling plenunms of the HVAC system shall conformto
NFPA 90A.

b) Foll ow applicable NFPA codes for exit corridors.
Do not use the corridor for air novenent for an HVAC system

c) Put fire danpers in firewall and rated ceiling
openi ngs, and snoke danpers at snoke barriers.

d) Put vertical ducts in rated shafts.

e) Systens 15,000 cfm and over shall have automatic
fan shutdown activated by snoke detectors in the supply duct
downstream of the filter and in the return duct system at each
floor.

f) Systems of 15,000 cfmand over shall also have
supply air and return air snoke danpers to isolate air handling
equi pnent fromthe occupi ed space.

g) Fire danpers and snoke detectors need access doors
in the ducts.

h) Snoke detectors are required in the supply air of
HVAC systens from 2,000 to 15,000 cfmfor child care centers,
school s, brigs, hospitals, and others buil dings where peopl e
congregate. Do not use firestats.

) Note that the above requirenments will change if the
desi gner provides an engi neered snoke control system

j) For engineered snoke control systens, refer to
Appendi x B.
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12.3 Engi neered Snoke Control System |If the designer

el ects to consider an engi neered snoke control systemin |ieu of
foll ow ng the basic provisions of NFPA 90A, then note the
fol | ow ng:

a) It may not always serve the best interest of the
Navy to install engineered snoke control systens in Navy
bui | di ngs.

b) For information on engi neered snoke control
systens, refer to Appendi x B.
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APPENDI X A
ENERGY CONSERVATI ON METHODS

A-1.00 Energy Conservation by Optim zation of Controls

A-1.01 Intermttent Occupancy Controls. C assroons,
conference roons, cafeterias, and other areas with intermttent
occupancy shall have occupi ed/ unoccupi ed swtches. These
switches shall function to elimnate conditioning of spaces when
the roomis not being used.

A-1.02 Space Tenperature Requirenments for Interior Zones.
Refer to M L-HDBK-1190.

A-1.03 Perimeter Radiation Heating Systenms Control. Perineter
heati ng system controls shall have daytine, and a | ower
nighttime, reset schedule. During occupied periods, excessive

I nternal heat gains are produced by internal |oads (for exanple
people, lighting, and equipnent). Perineter radiation systens
shal |l be designed for the absence of these | oads while

mai nt ai ni ng ni ght setback tenperature. Wen used with VAV
systens wi thout reheat coils, provide radiation capacity to heat
ventilation air to room setpoint during occupied cycle. Do not
oversi ze but do add a 10 percent allowance for norning warmup
after night setback.

A-1.04 Enerqy Efficient Control System

A-1.04.1 N ght Setback. A night setback allows the heating
systemto cycle automatically at the m nimum al | owabl e space
tenperature. These systens are generally provided with tinme

cl ocks. Use electronic programmable tinme clocks or DDC prograns
for night, weekend, and holiday tenperature setback (or cutoff)
in the winter and set up (or cutoff) in the summer to reduce
heating and cooling | oads respectively. Normally, when
unoccupi ed, air conditioning for personnel confort wll be cut
off and heating will be reduced by approxi mately 15 degrees F.

A 1.04.2 Occupi ed/ Unoccupi ed Hot Water Reset Schedule. An
occupi ed/ unoccupi ed hot water reset schedule is a dual setting
system whi ch allows for use of internal heat from equipnent,

| ights, and people as part of the heat supply during occupied
hours. See Figure A-1. During occupied hours, the setting is
| ower than during unoccupi ed hours, when there is not as nuch
I nternal heat gain.

A-1.04.3 Direct Digital Control (DDC). DDC control systens
provide the functions of a typical building automatic control
system Systens can also provide an effective operator interface
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APPENDI X A (Conti nued)

to allow diagnostics of HVAC system operation from a renote
| ocati on. Use care to provide and |ocate accurate sensors
required by NFGS-15972.

There are nany advantages of wusing DDC systens that
nmake them preferred over conventional pneumatic, electric, or

el ectronic systens. These include lower first cost, systems wth
f ewer conponents, lower failure rate, greater accuracy of
control, higher reliability, and |ower maintenance cost. DDC

systens may also incorporate renmote nmonitoring and self-tuning to
sinplify operation and nmaintenance.
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Figure Al
Qccupi ed/ Unoccupi ed Hot Water Reset Schedul e

149



M L- HDBK- 1003/ 3

APPENDI X A (Conti nued)

NFGS- 15972 was prepared to take advantage of the many
desirable features of a DDC systemwhile mnimzing anticipated
probl ens by specifying appropriate hardware and software and by
requi ring adequate training for activity personnel. DDC systens
shoul d be specified for new projects and maj or renovati ons where
operators and mai ntenance personnel are DDC qualified or are
wlling to accept DDC and receive proper training. Were these
conditions are not nmet, use NFGS-15971 and provi de pneunmati c,
anal og el ectronic, or electric control systens.

DDC systens nay be selected for repair or renovation of
exi sting control systens to save energy and take advantage of the
ot her features of DDC systens. \Were existing pneumatic or
el ectric valves and other actuators are proper and functional,
they may work with the replacenent DDC systemwi th the
appropriate interface.

EMCS i s an out noded concept and shoul d be di scouraged
and avoi ded. EMCS added a conputer based systemto nonitor
exi sting pneurmatic and anal og el ectronic control systens and
provi ded sone energy saving strategies. Success of the EMCS
depended on proper operation of the existing control system
When the existing control systemfailed, EMCS failed. |If energy
nonitoring features are desired, a DDC system shoul d be
specified. |If an operating EMCS is to be expanded and a DDC
systemw Il not be installed, refer to the Arny Corps of
Engi neers, Architectural and Engineering Instructions, Design
Criteria, Chapter 11, "Energy Conservation Criteria," and guide
specification CEGS-15950, Heating, Ventilating, and Ar
Condi tioning (HVAC) Control Systens for selection and
application.

A-1.04.4 Thernostat Setpoints. Selective thernostat setpoints
provide a tenperature range in which no nechanical heating or air
conditioning takes place. See Figure A-2. Deadband thernostats
shoul d not be used. Rather thernpstats with separate control and
setpoint for heating and cooling or DDC with separate control

| oops shoul d be used. Strategies should control heating and
cooling within one degree F of the respective setpoints.

A-2.00 Energy Conservation with Systens
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APPENDIX A (Continued)

NFGS-15972 was prepared to take advantage of the many desirable
features of a DDC system while minimizing anticipated problems by specifying
appropriate hardware and software and by requiring adequate training for
activity personnel. DDC systems should be specified for new projects and
major renovations where operators and maintenance personnel are DDC qualified
or are willing to accept DDC and receive proper training. Where these
conditions are not met, use NFGS-15971 and provide pneumatic, analog
electronic, or electric control systems.

DDC systems may be selected for repair or renovation of existing
control systems to save energy and take advantage of the other features of DDC
systems. Where existing pneumatic or electric valves and other actuators are
proper and functional, they may work with the replacement DDC system with the
appropriate interface.

EMCS is an outmoded concept and should be discouraged and avoided.
EMCS added a computer based system to monitor existing pneumatic and analog
electronic control systems and provided some energy saving strategies.
Success of the EMCS depended on proper operation of the existing control
system. When the existing control system failed, EMCS failed. If energy
monitoring features are desired, a DDC system should be specified. If an
operating EMCS is to be expanded and a DDC system will not be installed, refer
to the Army Corps of Engineers, Architectural and Engineering Instructions,
Design Criteria, Chapter 11, "Energy Conservation Criteria," and guide
specification CEGS-15950, Heating, Ventilating, and Air Conditioning (HVAC)
Control Systems for selection and application.

A-1.04.4 Thermostat Setpoints. Selective thermostat setpoints provide a
temperature range in which no mechanical heating or air conditioning takes
place. See Figure A-2. Deadband thermostats should not be used. Rather
thermostats with separate control and setpoint for heating and cooling or DDC
with separate control loops should be used. Strategies should control
heating and cooling within one degree F of the respective setpoints.

A-2.00 Energy Conservation with Systems
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Figure A-2
Thermostat Setpoints Diagram

A-2.01 Energy Efficient Systems. Design factors such as reliability can
have priority over energy efficiency. An energy saving feature that is
unstable or not maintained may fail and actually consume more energy than a
simpler stable HVAC system. Select the least complicated energy efficient
system for the application. Energy efficient devices shall be specified when
possible if they are life cycle cost effective.

A-2.02 Economizer Cycle Systems. Contact the individual NAVFACENGCOM EFD
or EFA for exact guidance on the use of economizer cycles. In the absence of
immediate guidance, systems larger than 10 tons shall be designed to use
maximum outside air for cooling whenever the outdoor dry bulb temperature is
lower than 60 degrees F more than 3000 hours per year. Operation shall be
limited by an outdoor air dry bulb sensor. Do not use economizer cycle
systems in humid climates.

A-2.03 Multiple Parallel Equipment Systems. Multiple parallel equipment
systems, such as boilers, chillers, cooling towers, heat exchangers, air
handlers, etc., provide superior operating efficiency, added reliability, and
the operating capacity required at design conditions. Use multiple equipment
systems when energy savings will offset higher first costs.
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A-2.04 Direct Exhaust Systens. Direct exhaust systens nmay
reduce the cooling load in a space requiring high ventilation
rates to renove high heat | oads of a source. Evaluate the energy
required for the extra nmakeup air.

A-2.05 Heat Recovery Systens (Cascading Energies). Consider
the foll owi ng econom c factors when eval uati ng heat recovery
syst ens:

a) Higher first costs,

b) Hi gher mai ntenance costs,

c) Additional building space requirenents, and
d) Added conplication to HVAC equi pnent.

A-3.00 Exhaust Air Heat Recovery. Wth the air exhaust heat
recovery systemin the heating node, heat from exhaust air is
recovered and used to preheat the outdoor air supply, donestic
hot water, boiler conbustion air, and boil er makeup water. In

t he cooling node, exhaust air is used to pre-cool outdoor air.
In addition to the economc factors cited above, system pressure
Is increased. The five nethods available for exhaust air heat
recovery air are as follows:

a) Rotary air wheel nethod,

b) Static heat exchanger nethod,

c) Heat pipe nethod,

d) Runaround systenicl osed | oop nethod, and
e) Runaround systeni open | oop nethod.

The rotary air wheel, static heat exchanger, and heat
pi pe net hods require supply and exhaust ducts to be adjacent
ducts. Therefore, duct design should ensure that the outside air
and exhaust air |ouvers are adequately separated to prevent cross
contam nation. Do not use rotary air wheel for industrial
ventilating systens because of contam nation carryover. For nore
information, refer to ASHRAE Equi pnent Handbook, the chapter
entitled "Air-to-Air Energy Recovery Equi pnent."
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A-3.01 Rotary Air Weel. Wth the rotary air wheel, heat
transfer takes place as the finned wheel rotates between the
exhaust and supply duct. See Figure A-3. There are two types of
rotary air wheels - one transfers only sensible heat, the other
transfers both sensible and | atent heat. The wheel is 70 percent
effective for an equal supply and exhaust mass flow rates, but a
certain anount of unavoi dable | eakage will reduce this

ef fectiveness. Closely investigate cross contam nation effects
on the application, especially when the exhaust air is froma
process source. Gve this systemfull consideration in air
conditioning and ventilating systens where exhaust air is 4,000
cfmor greater.

A- 3. 02 Pl ate Heat Exchanger. Wth the plate heat exchanger
net hod heat transfers across alternate passages carryi ng exhaust
and supply air in a counterflow or crossflow pattern. See Figure
A-4 and Figure A-5.

Pl at e heat exchangers are 40 to 80 percent efficient in
recovering heat, depending on the specific system design,
tenperature differences, and flow rates. Crossflow nethods are
usual |y nore conveni ent, but counterfl ow nethods are nore
efficient. Wth the plate exchanger nethod, only sensi bl e heat
Is transferred. Plate heat exchanger is a static device having
no noving parts, allowng for only a mnimal chance of cross
contamnation. It is a relatively sinple nmethod of heat
recovery.

A-3.03 Heat Pi pe Method. The heat pipe nethod invol ves a
sel f-cont ai ned, cl osed system which transfers sensible heat.
This nethod consists of bundles of finned copper tubes, simlar
to cooling coils, sealed at each and filled with a wck and
working fluid. The working fluid nmay be water, refrigerant, or
nmet hanol .

For the nost efficient system the exhaust and supply
air shall be counterflow Performance also is inproved by
sl oping the heat pipe so the warmside is |ower than the cool
side. See Figure A-6. For nore information refer to ASHRAE
Equi prrent Handbook, the chapter entitled "Air-to-Air Energy
Recovery Equi pnent. "

A- 3. 04 Runar ound System (O osed Loop) Method. Wth the cl osed
| oop systens nethod, a hydronic systemtransfers sensi bl e heat
fromthe exhaust air to the outdoor air using water, glycol, or
sone other sensible heat fluid. See Figure A-7.
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Figure A-5
Exhaust Air Heat Recovery With Crossflow Pattern
Static Heat Exchanger
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Figure A-6 _ _
Exhaust Air Heat Recovery Method With Heat Pipe
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Figure A-7
Exhaust Air Heat Recovery Method
With Runaround (Closed Loop) System
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The cl osed | oop nethod consists of two coils (one in
the supply system and one in the exhaust system, a punp, and a
cl osed pipe loop. This nethod can be expected to increase the
outdoor air tenperature by 60 to 65 percent of the outdoor air
and exhaust air tenperature difference. |If the wnter design
tenperature is 32 degrees F or below, this systemrequires an
antifreeze sol ution.

A-3.05 Runar ound System (Open Loop) Method. The open | oop

met hod transfers sensible and |atent heat. This is an
air-to-liquid, liquid-to-air enthal py recovery system where
working fluid flows into each cell with the aid of a punp, in a
manner simlar to cooling tower flow. See Figure A-8. Sorbent
liquid used with this systemcan be bacteriostatic, if necessary.
The open | oop nethod shall not be used for high tenperature
applications.

A- 3. 06 Ancillary Conponents. Ancillary conponents for exhaust
air heat recovery nethods incl ude:

a) Energy recovery devices for supply/exhaust filters,

b) Preheat coils,

c) Backdraft danpers,

d) Exhaust danpers,

e) Recircul ati on danpers,

f) Face and bypass danpers, and

g) Drainage provisions.

Controls and ancillaries shall be shown on draw ngs and
suppl enented by specifications, as necessary. Select the m ni num
accept abl e energy transfer effectiveness and the nmaxi num
accept abl e cross-cont am nati on.

A- 3. 07 Condensate Cool er/Hot WAater Heat Recovery Method. The
condensat e cool er/ hot water heat recovery nethod uses a heat
exchanger, which renoves heat from condensate not returned to the
boiler. This recovered heat can be used to preheat donestic hot

wat er, boiler nakeup water, or |ow tenperature water return to
boi | er or heat exchanger.
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Figure A-8
Exhaust Air Heat Recovery Method
With Runaround (Open Loop) System
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A-3.08 Heat -of - Li ght Heat Recovery Method. The sensi bl e heat
given off by the lighting fixtures is a large portion of the
total cooling |oad. Recovery of this heat reduces energy usage
both by reducing the roomcooling |oad and by recovering usabl e
heat. In sone instances, the efficient renpoval of heat-of-Iight
that does not enter the roomnmay reduce the air supply to the
room bel ow that which is desirable. Verify that effective air
circulation is maintained. Recomended nethods of heat-of-1ight
recovery are the light troffer and i nduced air nethods. Were
life cycle cost effective, use heat-of-light recovery nethod in
air conditioned spaces. Do not use for clean roons, anina

| aboratories, and | aboratories with toxic, explosive, or

bact eri ol ogi cal exhaust requirenents.

A-3.09 Light Troffer Method. The light troffer method renoves
space air by pulling it through a light troffer or through a
light fixture, and transfers it into the ceiling plenumwhere it
Is routed into the return air system See Figure A-9. Wth this
system the roomcooling load is reduced. Also, less air is
required to cool the room neking it possible to use snaller duct
and fan systens. Do not use for VAV systens.

Wth this nmethod, the total cooling load is
substantially reduced for outdoor air supply systens, but not as
significantly for systens not capable of providing 100 percent
outdoor air. This technique also reduces the |um naire surface
tenperature and, therefore, increases ballast and lanmp life.

A-3.10 | nduced Air Method. The induced air nethod renoves air
fromthe space by pulling it through the light troffer or through
a lighting fixture, and transfers it into the ceiling plenum to
be recircul ated or discharged outdoors. See Figure A-10.

A-3.11 Refrigeration Heat Recovery Method. The refrigeration
heat recovery nethod uses heat rejected fromthe refrigeration
machine. This nethod uses four different techniques:

a) Conventional refrigeration machi ne net hod,
b) Heat punp nethod,
c) Single condenser water circuit nethod, and

d) Doubl e condenser water circuit nethod,
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Figure A-9
Heat-of-Light Recovery Method With Light Troffer
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Figure A-10
Heat-of-Light Recovery Method With Induced Air
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The refrigeration heat recovery nethod is suitable when
a refrigeration-type conpressor is used, and when sinultaneous
heating and cooling of one or nore spaces is required.

A-3.12 Conventional Refrigeration Machine Method. The
conventional refrigeration machi ne nethod uses a direct expansion
cooling coil in conjunction with either a hot water or
refrigerant coil. See Figure A-11 and Figure A-12.

A hot water heating systemextracts heat fromthe
refrigerant through a heat exchanger. For direct air heating, a
condensing refrigerant coil is used instead of a heat exchanger
and water punp. This nmethod is used for |ower capacity systens
Wi th reciprocating conpressors. An air-cooled condenser is used
to reject heat when space heating is not required.

A-3.13 Internal Source Heat Punp Method. See Figure A-13.

A-3.14 Single Bundl e Condenser Water Grcuit Method. The

si ngl e bundl e condenser water circuit nmethod uses a cooling coi
in conjunction with a hot water systemfor heat recovery. Wen
space heating is not required, heat is rejected through an
evaporati ve cool er, a heat exchanger, and an open cooling tower.

Application of this systemis limted to a nmaxi num
wat er tenperature of 110 degrees F. This system can be used with
any conpressor type. See Figure A-14.

A-3.15 Doubl e Bundl e Condenser Water Crcuit Method. The
doubl e bundl e condenser water circuit nethod incorporates two
separate condenser water circuits - one for the heating system
and one for the cooling tower system \WAter tenperatures up to
125 degrees F can be obtained by using higher conpressor speeds,
| arger inpellers, or nore than one stage. See Figure A-15.

Sel ection of a heat recovery machine is critical
because rel atively high condensing tenperatures are required. To
prevent surging of the conpressor under operating |oad and
requi red condenser water conditions, |ower the condensing
tenperatures under partial load conditions. Units shall be
sel ected to operate above 50 percent of full load at all tines.
Storage tanks may be incorporated into a double bundl e condenser
water circuit system
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Figure A-11
Refrigeration Method Heat Recovery Wth Conventional
Refrigeration Machine Using Hot Water Coil
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Figure A-12
Refrigeration Method Heat Recovery With Conventional
Refrigeration Machine Using Refrigerant Coil
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Figure A-13
Refrigeration Method Heat Recovery With
Internal Source Heat Pump
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Figure A-14
Refrigeration Method Heat Recovery
With Single Bundle Condenser Water Circuit Method
and Open Cooling Tower
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Refrigeration Method Heat Recovery
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Conpl ete an econom ¢ eval uation for use of heat
recovery machines in large systens. |If economcally justified,
the | arge system can be designed for multiple machine
installations by using conventional machines in conjunction with
heat recovery machi nes. The selection of a double tube bundle
machine is a design function where standby | ow grade demand
exists. Wiere this cannot be justified, use a single tube bundle
machi ne.

A-4.00 HVAC Syst em Managenent. Cycling the boiler and
refrigeration chiller in a pattern responsive to the tine of day
and prevailing weather conditions reduces energy consunption by
reduci ng excess heating and cool i ng capacity during operating
hours. For large buildings, a conputerized energy nmanagenent
system may be justified. These systens can anal yze weat her
conditions, building and system characteristics, and HVAC
operating conditions. Energy managenent systens then adj ust
various controls to provide opti num energy use.
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B1. 00 Introduction. By the very nature of this type of
system sone of the requirenents of NFPA 90A wll need to be
nodi fied or suspended. |If air novenent or pressures fromthe

duct system are necessary to confine or control the flow of
snoke, fans should not be shutdown or danpers cl osed.

B2. 00 Speci fic Design Gui dance

a) Suggested for use in |arge zones.

b) Snoke danpers should neet UL 555S, Standard for
Safety Leakage Rated Danpers for Use in Snoke Control Systens.
These are made in ratings of zero to four. Cass 1 is a good
tight danper. Use Cass 1 danpers where the return or exhaust
air may neet the outside air to prevent contam nating the supply
air with snoke. Cdass 2 or Cass 3 danpers (wth nore | eakage)
may ot herw se be used for snobke zone danpers.

c) Return ducts used for snoke purging shoul d be steel
fabrication. Supply ducts should be insulated for protection
fromfire outside the duct.

d) Fans used for snoke exhaust should be rated for 750
degrees F continuous duty. Use an extended shaft and a
commercially avail able propeller on the shaft to blow air onto
the notor. The air tenperature in the fire roommay reach 1,400
degrees F, but this may be diluted with 70 degrees F air from
other roons to permt use of an ordinary fan. Do not put the
notor in the airstreamand do not use an al um num fan wheel. Do
not stop the snoke exhaust fan during a fire.

e) Specify acceptance testing of the snoke control
syst ens.
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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 |ive for Navy
and Marine Corps personnel. The goal is not only to mnimze the
life cycle cost of the facilities, but also to maxim 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 recogni ze those areas where carefu
attention can prevent deficiencies commonly found in Navy VAV
systens.

a) VAV systens incur problenms for the sane basic
reasons that other types of air conditioning systens 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 mai ntenance 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 operati on and nai 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 nmai 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 performance and
conserve energy but nust weigh the potential benefits against the
additional cost and conplexity. Feedback: On the average,
systens have too many 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 ni mum

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 nteracti on 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 communication. This is particularly true in the early
stages of the design. The designer shall comunicate his design
intent and the critical concepts of his proposed system
including sinmplicity 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 selecting 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. Mny

pneumatic control systens are never set up properly by the
installing contractor. Even hybrid control systens (e.g., DDC
W th pneunmatic actuators) can have sim /|l ar problens 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 pneunmatic 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
bei ng 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 recommended training and make a
sincere effort to properly use DDC. The designer shoul d 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 cal culation nethods 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
commonly seen in humd, 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 method. The manual use of the total equival ent
tenperature difference/tinme 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
indry 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) nmaximum 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 showing 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 mnimmflow (refer to par. C2.11).

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 tions.

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 conmputerized 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 recommended that the system be designed for 8
to 12 air changes per hour with a mnimum supply 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 method. The static
regai n net hod 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 ntai ning 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
I's not the case, the designer shall design a positive neans of

mai ntai ning ventilation rates during mninmmflow 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 nmaintain a mninumventilation airflow to any
space. The best that can be done is to naintain 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 xing box pressures expected is such that it would be
difficult to specify a fan which woul d 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 determining 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 di sadvantages of the
addi ti onal and conplicated control | oop.

b) Pl controls claimto render the whole system
virtual ly sel f-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 Mnimumflow 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 nai ntenance personnel, and the
addi tional control conponents are nore prone to failure.

f) If Pl is used, however, the designer nust be
careful to specify that supply maxi muns 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
install ed 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 minimze
problems with sensing minimumflows in Pl VAV boxes, size the box

such that at mninmumflow, the neck velocity will 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 terminal units) or at

| east require detailed shop drawings 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 term 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 at ed
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 self-bal ancing.

C 2.17 Use round ducts wherever space availability permts.
Round ducts are acoustically superior to rectangular ducts and
normal Iy cost less. 1In high velocity systens, the additional

friction | 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 limt 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 di ngs 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 |oad 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 | (including infiltration), a separate skin heating system may
be used consisting of baseboard hot water convectors.

Two- position electric spring-return control valves 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,
t he hot water val ve should open (using a nodul ating 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 peri ods can present special problenms. The greatest

load wi Il 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 pil ot
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 nmethod chosen. Be aware that all of the
avai |l 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 follow 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 ng. 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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VARI ABLE SPEED DRI VES ( VFD)

D-1. 00 | nt roducti on

D-1.01 Scope and Criteria. This appendix is intended to
provi de basic information on the principles of operation of

VFD s, description of different types of VFD s, guidance on the
proper application of VFD's, and installation guidelines to
ensure successful operation of VFD's. Over the |ast few years,
t he VFD has beconme one of the nost effective notor controllers
avail abl e for varying the speed of squirrel-cage induction
notors. VFD s save energy, reduce electrical consunption,
enhance equi pnent performance, are highly reliable, and have
becone affordable. Mich of the material presented in this
Appendi x was devel oped by M. Sol onon S. Turkel, Seni or

I nstructor and Course Author for Advanced Technol ogi es Marketing
and Service (ATMS) Inc., Baltinore, MD.

D-1.02 Term nology. VFD s drives are sonetines called

adj ust abl e frequency controllers (AFC s). It is incorrect to
call theminverters or even adjustable speed drives (ASD s). The
term"ASD' refers to many types of adjustable speed drives,
including belt or gear drives, eddy-current clutches, variable-
pitch sheave drives, and DC systens, as well as VFD's. The VFD
is the only type of notor drive that controls the speed of an AC
i nduction notor by changing the frequency and vol t age
appropriately. The VFD m croprocessor-based notor controller

i ncorporates an electronic control section, an el ectromagnetic
and sem conduct or power section, and typical conponents used with
standard notor controllers. Currently, avail able sizes range
from 1/ 3 horsepower (hp) to thousands of hp.

D-1.03 Operation. The principles of operation of VFD s are
closely related to basic notor theory. During operation, the
stator’s rotating magnetic field, which is created by the AC |ine
power to the motor, induces a voltage in the rotor. This induced
vol tage causes a current to flowin the rotor, which creates
magnetic fields with north and south poles. The synchronous
speed of an AC induction notor is dependent upon the nunber of
poles in the stator and the frequency of the |line power applied.
The basic equation is as foll ows:

Speed = (120 times frequency) divided by nunber
of poles

Fromthis equation , a four-pole notor operating at 60
Hz will have synchronous speed of 1800 rpm Wen a VFD supplies
power to an AC notor, it has the capability to provide a voltage
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at a frequency fromless than 1 Hz to about 120 Hz. This neans
that the nmotor may run extrenely slow or very fast, depending on
the frequency supplied; and the anplitude of the voltage supplied
nmust be proportional to the frequency to ensure the proper
volts/hertz ratio for the specific notor. The output torque for
a notor is determned by the ratio of voltage applied to the
notor at a given frequency. Failure to maintain the proper
volts-per-hertz ratio will affect notor torque, tenperature,
speed, noise, and current draw. Thus, for a notor to produce its
rated torque at variable speeds, it is also necessary to control
the voltage as well as the frequency supplied to the notor. For
exanple, a 460 volt notor operating at 60 Hz will have a
volts/hertz ratio of 7.67 to 1. For a VFD to operate this notor
at 30 Hz (half speed), the notor voltage nmust be reduced to 230
volts to maintain the same torque characteristics for the notor.
Motors are designed with specific torque characteristics and are
classified accordingly. Wile two notors nmay have the sane

hor sepower rating, their actual torque capability in the areas of
breakaway torque, pull-up torque, peak torque, and full-Ioad
torque may be different, depending on their NEMA cl assifications.
Typi cal designs are Type A, B, C, and D. Refer to National

El ectrical Manufacturers Association (NEMA) M>1, Mdtors and
Cenerators, for a detail ed explanation of these NEMA desi gns and
of notor torque capabilities. Although the notor is sized by

hor sepower, the required torque at all speeds is the key to
successful, efficient operation of the VFD and its notor.

D-1.04 Types of VFD' s. Although VFD s control the speed of an
AC i nduction notor by varying the notor’s supplied voltage and
frequency of power, they do not all use the sane designs in doing
so. The mmjor VFD designs commonly used at the tinme of
publication of this handbook are:

a) Pulse Wdth Mdul ated (PW)
b) Current Source Inverter (CSI)
c) Voltage Source Inverter (VSl)
d) Flux Vector Drive
An understanding of these different designs, along with their

advant ages and di sadvantages will be beneficial to correctly
match the VFD with the notor in a specific application
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D-1.04.1 PWM Design

a) The PWMdrive has becone the nost commonly used
drive controller because it works well wth notors ranging in
size fromabout 1/2 hp to 500 hp. A significant reason for its
popul arity is that it’s highly reliable, affordable, and reflects
the | east anpbunt of harnonics back into its power source. Most
units are rated either 230 volts or 460 volts, three-phase, and
provi de out put frequencies fromabout 2 Hz to 400 Hz. Nearly 100
manuf acturers market the PWM controller.

b) In the PWdrive, an AC line supply voltage is
brought into the input section. Fromhere, the AC voltage passes
into a converter section that uses a diode bridge converter and
| arge DC capacitors to create and maintain a stable, fixed DC bus
voltage. The DC vol tage passes into the inverter section usually
furni shed with insul ated gate bipolar transistors (1GBT s), which
regul ate both voltage and frequency to the notor to produce a
near sine wave |ike output.

c) The term "pul se width nodul ati on" expl ai ns how each
transition of the alternating voltage output is actually a series
of short pul ses of varying widths. By varying the width of the
pul ses in each half cycle, the average power produced has a sine-
i ke output. The nunber of transitions frompositive to negative
per second determ nes the actual frequency to the notor.

d) Switching speeds of the IGBT s in a PWM drive can
range from2 kHz to 15 kHz. Today' s newer PWM desi gns use power
| GBBT' s, which operate at these higher frequencies. By having
nore pul ses in every half cycle, the notor whine associated with
VFD applications is reduced because the notor w ndings are now
oscillating at a frequency beyond the spectrum of human heari ng.
Al so, the current wave shape to the notor is snoothed out as
current spi kes are renoved.

e) PWMs have the foll ow ng advant ages:

(1) Excellent input power factor due to fixed
DC bus vol t age.

(2) No notor cogging normally found with
Si x-step inverters.

(3) Highest efficiencies: 92 percent to
96 percent.
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(4) Conpatibility with nmultinotor applications.

(5 Ability toride through a 3 to 5 Hz
power | oss.

(6) Lower initial cost.

f) The foll ow ng di sadvant ages, however, should al so
be consi dered:

(1) Mtor heating and insul ati on breakdown in sone
applications due to high frequency switching of transistors.

(2) Non-regenerative operation.

(3) Line-side power harnonics (depending on the
application and size of the drive).

D-1.04.2 CSI Design. In the CSlI drive design, the incom ng
power source is converted to DC voltage in an SCR converter
section, which regulates the incom ng power and produces a

vari able DC bus voltage. This voltage is regulated by the firing
of the SCR s as needed to nmaintain the proper volt/hertz ratio.
SCR' s are also used in the inverter section to produce the

vari abe frequency output to the notor. CSI drives are inherently
current regulating and require a |large internal inductor to
operate, as well as a notor | oad.

a) CSl’'s have the foll owi ng advant ages:

(1) Reliability due to inherent current limting
oper ati on.

(2) Regenerative power capability.
(3) Sinple circuitry.

b) The follow ng are di sadvant ages whi ch shoul d be
considered in the use of CSI technol ogy:

(1) Large power harnonic generation back into the
power source.

(2) Cogging below 6 Hz due to square wave out put.

(3) Use of large and costly inductor.
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(4) High voltage spikes to notor w ndings.

(5) Load dependent; poor for multinotor
appl i cations.

(6) Poor input power factor due to SCR converter
section.

D-1.04.3 VSI Design. The VSI drive is very simlar to a CSI
drive in that it also uses an SCR converter section to regul ate
DC bus voltage. Its inverter section produces a six-step output,
but is not a current regulator like the CSI drive. This drive is
considered a voltage regul ator and uses transistors, SCR s, or
gate turn off thyristors (GIOs) to generate an adjustable
frequency output to the notor.
a) VSI's have the follow ng advant ages:

(1) Basic sinplicity in design.

(2) Applicable to nmultinotor operations.

(3) Operation not |oad dependent.

b) As with other types of drives, there are
di sadvant ages:

(1) Large power harnonic generation back into the
power source.

(2) Poor input power factor due to SCR converter
secti on.

(3) Cogging below 6 Hz due to square wave out put.
(4) Non-regenerative operation.

D-1.04-4 Flux Vector PWM Dri ves

a) PWMdrive technology is still considered new and is
continuously being refined with new power sw tching devices and
smart 32-bit mcroprocessors. AC drives have always been |imted
to normal torque applications while high torque, |ow rpm
applications have been the domain of DC drives. This has changed
recently with the introduction of a new breed of PWM drive, the
flux vector drive.
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b) Flux vector drives use a nethod of controlling
torque simlar to that of DC drive systens, including w de speed
control range with quick response. Flux vector drives have the
sane power section as PW drives, but use a sophisticated cl osed
| oop control fromthe notor to the drive’s m croprocessor. The
notor’s rotor position and speed is nonitored in real tinme via a
resol ver or digital encoder to determ ne and control the notor’s
actual speed, torque, and power produced.

c) By controlling the inverter section in response to
actual load conditions at the notor in a real tinme node, superior
torque control can be obtained. The personality of the notor
nmust be programed into or learned by the drive in order for it
to run the vector control algorithns. In nost cases, special
notors are required due to the torque denmands expected of the
not or .

d) The follow ng are advantages of this new drive
t echnol ogy:

(1) Excellent control of notor speed, torque, and
power .

(2) Quick response to changes in |oad, speed, and
t orque comrands.

(3) Ability to provide 100 percent rated torque at
zero speed.

(4) Lower nmintenance cost as conpared to DC
notors and drives.

e) The follow ng are di sadvant ages:

(1) Higher initial cost as conpared to standard
PWM dri ves.

(2) Requires special notor in nbst cases.

(3) Drive setup paraneters are conpl ex.
While flux vector technol ogy offers superior performance for
certain special applications, it would be considered "overkill™

for nost applications well served by standard PWM dri ves.

D-1.05 Application of VFD s to Specific Loads. VFD s are the
nost effective energy savers in punp and fan applications, and
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t hey enhance process operations, particularly where fl ow control
is involved. VFD s soft start capabilities decrease electrical
stresses and |ine voltage sags associated with full voltage notor
start-ups, especially when driving high-enertia | oads. For the
notor to produce the required torque for the | oad, the VFD nust
have anple current capability to drive the nmotor. It is
inportant to note that machine torque is independent of notor
speed and that | oad horsepower increases linearly with rpm

I ndi vidual |oad types are as foll ows:

a) Constant torque |oads. Constant torque |oads
represent 90 percent of general industrial machines (other than
punps and fans). Exanples of these | oad types include general
machi nery, hoists, conveyors, printing presses, positive
di spl acenent punps, some nixers and extruders, reciprocating
conpressors, as well as rotary conpressors.

b) Constant horsepower | oads. Constant horsepower
| oads are nost often found in the machine tool industry and
center driven wi nder applications. Exanples of constant
hor sepower | oads include wi nders, core-driven reels, wheel
grinders, large driller machines, |athes, planers, boring
machi nes, and core extruders.

Traditionally, these | oads were considered DC drive
applications only. Wth high performance flux vector VFD s now
avai l abl e, many DC drive applications of this type can be now
handl ed by VFD s.

c) Variable torque |oads. Variable torque |oads are
nost often found in variable flow applications, such as fans and
punps. Exanpl es of applications include fans, centrifugal
bl owers, centrifugal punps, propeller punps, turbine punps,
agitators, and axial conpressors. VFD s offer the greatest
opportunity for energy savings when driving these | oads because
hor sepower varies as the cube of speed and torque varies as
square of speed for these |loads. For exanple, if the notor speed
is reduced 20 percent, notor horsepower is reduced by a cubic
relationship (.8 x .8 x .8), or 51 percent. As such, utilities
often offer subsidies to custoners investing in VFD technol ogy
for their applications. Many VFD nanufacturers have free
software prograns avail able for custonmers to cal cul ate and
docunent potential energy savings by using VFD s.

D- 1. 06 Speci al Applications of VFD's. |f any of the follow ng
operations apply, use extra care in selecting a VFD and its setup
par anet ers.
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a) VFD operating nore than one notor. The total peak
currents of notor | oads under worst operating conditions nust be
cal cul ated. The VFD nust be sized based on this maxi mum current
requi renent. Additionally, individual notor protection nust be
provi ded here for each notor.

b) Load is spinning or coasting when the VFD is
started. This is very often the case with fan applications.
Wen a VFD is first started, it begins to operate at a | ow
frequency and voltage and gradually ranps up to a preset speed.
If the load is already in notion, it will be out of sync with the
VFD. The VFD will attenpt to pull the notor down to the | ower
frequency, which may require high current |evels, usually causing
an overcurrent trip. Because of this, VFD manufacturers offer
drives with an option for synchronization with a spinning | oad,
this VFD ranps at a different frequency.

c) Power supply source is switched while the VFD is
running. This occurs in many buil dings, such as hospitals, where
| oads are switched to standby generators in the event of a power
outage. Some drives will ride through a brief power outage while
others may not. |If your application is of this type, it nust be
reviewed with the drive manufacturer for a final determnation of
drive capability.

d) Hard to start |load. These are the notors that dim
the lights in the building when you hit the start button.

Renmenber, the VFD is limted in the amunt of
overcurrent it can produce for a given period of tine. These
applications may require oversizing of the VFD for higher current
demands.

e) Citical starting or stopping tines. Sone
applications may require quick starting or emergency stopping of
the load. In either case, high currents will be required of the
drive. Again, oversizing of the VFD may be required.

f) External notor disconnects required between the
notor and the VFD. Service disconnects at notor |oads are very
often used for maintenance purposes. Normally, renoving a | oad
froma VFD whil e operating does not pose a problemfor the VFD.
On the other hand, introducing a load to a VFD by closing a notor
di sconnect while the VFD is operational can be fatal to the VFD.
When a notor is started at full voltage, as would happen in this
case, high currents are generated, usually about six tinmes the
full |load anperes of the nmotor current. The VFD woul d see these
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hi gh currents as being well beyond its capabilities and would go
into a protective trip or fail altogether. A sinple solution for
this condition is to interlock the VFD run perm ssive circuit
with the service disconnects via an auxiliary contact at the
servi ce di sconnect. \Wen the disconnect is closed, a perm ssive
run signal restarts the VFD at | ow vol tage and frequency.

g) Power factor correction capacitors being swtched
or existing on the intended notor |oads. Sw tching of power
factor capacitors usually generates power disturbances in the
distribution system Many VFD s can and will be affected by
this. Isolation transfornmers or line reactors nmay be required
for these applications.

Power factor correction at VFD powered notor | oads
is not necessary as the VFD itself does this by using DC
internally and then inverting it into an AC output to the notor.
VFD manuf acturers warn against installing capacitors at the VFD
out put .

D-1.07 Sizing VFD' s for the Load. To properly size a VFD for
an application, you must understand the requirenents of the | oad.
The torque ratings are as inportant as the horsepower ratings.
Every load has distinct torque requirenents that vary with the

| oad’ s operation; these torques nust be supplied by the notor via
the VFD. You nmust have a clear understanding of these torques.

a) Breakaway torque: torque required to start a |oad
in nmotion (typically greater than the torque required to maintain
noti on).

b) Accelerating torque: torque required to bring the
| oad to operating speed within a given time.

c) Running torque: torque required to keep the |oad
noving at all speeds.

d) Peak torque: occasional peak torque required by
the |l oad, such as a | oad bei ng dropped on a conveyor.

e) Holding torque: torque required by the notor when
operating as a brake, such as down hill | oads and high inertia
machi nes.

D-1.08 Quidelines for Matching VED to Mdtor. The foll ow ng
guidelines will help ensure a correct match of VFD and notor:
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a) Define the operating profile of the load to which
the VFD is to be applied. Include any or all of the torques
listed in par. D-1.07. Using a recording true rns anmeter to
record the notor’s current draw under all operating conditions
wll help in doing this. Obtain the highest "peak" current
readi ngs under the worst conditions. Also, see if the notor has
been working in an overl oaded condition by checking the notor
full-load anperes (FLA). An overl oaded notor operating at
reduced speeds may not survive the increased tenperatures as a
result of the reduced cooling effects of the notor at these | ower
speeds.

b) Determine why the | oad operation needs to be
changed. Very often VFD s have been applied to applications
where all that was required was a "soft start" reduced voltage
controller. The need for the VFD should be based on the ability
to change the load s speed as required. In those applications
where only one speed change is required, a VFD may not be
necessary or practical.

c) Size the VFD to the notor based on the maxi num
current requirenments under peak torque demands. Do not size the
VFD based on horsepower ratings. Many applications have failed
because of this. Renenber, the maxi num denmands pl aced on the
notor by the | oad nust also be net by the VFD.

d) Evaluate the possibility of required oversizing of
the VFD. Be aware that notor performance (breakaway torque, for
exanple) is based upon the capability of the VFD used and the
anount of current it can produce. Depending on the type of | oad
and duty cycl e expected, oversizing of the VFD nay be required.

D-1.09 Key VFD Specification Paraneters. The nost inportant

i nformation to be included in a VFD specification are continuous
current rating, overload current rating, and |ine voltage of
operati on.

a) Continuous run current rating. This is the maxi num
rnms current the VFD can safely handl e under all operating
conditions at a fixed anbient tenperature (usually 40 degrees Q).
Motor full | oad sine wave currents nmust be equal to or |less than
this rating.

b) Overload current rating. This is an inverse
time/current rating that is the maxi mumcurrent the VFD can
produce for a given tinme franme. Typical ratings are 110 percent
to 150 percent overcurrent for 1 mnute, depending on the
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manuf acturer. Higher current ratings can be obtai ned by
oversizing the VFD. This rating is very inportant when sizing
the VFD for the currents needed by the notor for breakaway
t or que.

c) Line voltage. As with any notor controller, an
operating voltage nust be specified. VFD s are designed to
operate at sonme nom nal voltage such as 240 volts AC or 480 volts
AC, with an allowable voltage variation of plus or mnus 10
percent. Mbst notor starters will operate beyond this 10 percent
variation, but VFD's will not and will go into a protective trip.
A recorded voltage reading of |ine power deviations is highly
recommended for each application.

d) Additional considerations. The follow ng
information is hel pful when applying drives and shoul d be
i ncluded and verified prior to selection of a drive:

(1) Starting torque currents
(2) Running torque currents
(3) Peak loading currents

(4) Duty cycle

(5) Load type

(6) Speed precision required
(7) Performance (response)

(8) Line voltages (deviations)
(9) Altitude
(10) Anbient tenperature
(11) Environnent
(12) Motoring/regenerating | oad
(13) Stopping requirenents
(14) Motor nanepl ate data
(15) Input signals required
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(16) OQutput signals required

D-1.10 VED Installation and Start-Up. Over half of drive
failures are a result of inproper installation and start-up.
Careful planning of your VFD installation will help avoid many
probl ens. Be sure the VFD specification requires furnishing of
the drive s operation and nai ntenance nanual . | nportant
considerations include tenperature and |line power quality

requi renents, along with electrical connections, grounding, fault
protection, notor protection, and environnental paraneters.

a) Tenperature. Equipnent should be located in areas
which are well within manufacturer’s specified tenperature limts
and are well ventilated to renove generated heat. Avoid
installing units in mezzani nes, direct sunlight, or near external
heat sources to avoid unpredictable tenperature rises. Provide
suppl enental cooling if these areas cannot be avoi ded.

b) Supply Line Power Quality. The line voltage to the
drive input should vary no nore than plus or mnus 10 percent to
avoid tripping the unit via a protective fault. Voltage drop
cal cul ations nust take this into account when running conductors
| ong di stances fromthe power source.

c) Electrical Connections. Size VFD line and | oad
conductors to conformto NFPA 70.

d) Gounding. In addition to running a grounding
conductor back to the electrical service entrance, bring a
groundi ng conductor back fromthe notor to the VFD s internal
grounding termnal. This direct notor ground to the VFD is
required to mnimze interference and for proper operation of the
ground-fault protection function.

e) Fault Protection. Many VFD s have short-circuit
protection (usually in the formof fuses) already installed by
the manufacturer. This is usually the case on | arger horsepower
units. Smaller units (1/3 to 5 hp) normally require external
fuse protection. |In either case, the selection and sizing of
these fuses is critical for sem conductor protection in the event
of a fault. The manufacturer’s recomrendati ons nust be foll owed
when installing or replacing fuses for the VFD. Be sure to
torque-bolt fuses in place according to the manufacturer’s
specification to ensure fast operation of fuses in case of a
faul t.

197



M L- HDBK- 1003/ 3

APPENDI X D (Conti nued)

f) Motor Protection. Mtors require overl oad
protection. The nost common practice is the use of a notor
overcurrent relay systemthat will protect all three phases and
prot ect against single-phasing. This type of protection wll
respond to notor overcurrent conditions of an overl oaded notor,
but will not detect overtenperature conditions.

A notor operating at reduced speeds w Il have
reduced cooling; as a result, it may fail due to therm
breakdown of the notor wi ndings insulation. Thus, the optinmm
protection for a notor is thermal sensing of the notor w ndings.
This sensing is then interlocked with the VFD's control circuit.
This is highly reconmended for any notor that is to be operated
for extended periods of tine at | ow speeds.

g) Environnent

(1) Humdity and Moisture. As is the case with al
el ectrical and el ectronic equipnent, high humdity and corrosive
at nospheres are a concern. Drive units should be installed in a
noncorrosi ve | ocati on whenever possible, with anmbient humdity
rangi ng between 0 to 95 percent noncondensing. Avoid |ocations
subject to rain, dust, corrosive funmes, or vapors, and salt
water. In sone cases, appropriate NEMA encl osures may be
speci fied where sonme of these |ocations cannot be avoi ded.
Consult VFD manufacturers about the |ocation and application
bef ore doi ng so.

(2) Vibration. Do not |locate VFD s near vibrating
equi pnent unl ess appropriate vibration isolation nethods are
enpl oyed.

(3) Line Transmtted Transients. The VFD is a
solid-state electronic device, therefore, surge and transient
protection (fromlightning strikes, circuit switching, |arge
notor starting, etc.) should be specified, either integral to the
VFD or external, as appropriate.

D-1.11 Start-Up Procedures

a) Successful installation of VFD's, as with nearly
all electrical equipnent, is derived froman orderly, well
pl anned start-up procedure. After reading the entire VFD nmanual
and before energizing the VFD, nmake a physical inspection of the
VFD and | ook for the foll ow ng:
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(1) Any noisture or debris (nmetal shavings for
exanpl e) inside the equi pnent.

(2) Danmage or dents to the enclosure, damaged or
| oose conponents and wires, and di sconnected term nal conectors.

(3) Possible restrictions to airflow at the
cooling fans or heat sink.

(4) Unrenoved shipping bl ocks or tapes at power
contactors, relays, etc.

b) In addition to the VFD itself, you should al so nake
a visual inspection of the entire system including notors,
di sconnect switches, circuit breakers, controls, |oad conponents,
control devices (limt, float, pressure switches, etc.).

c) Finally, you should rmake an intense and thorough
check of the followi ng itens:

(1) Connections (line, |oad, and ground).

(2) Mdtor (horsepower, full-Iload anperes, voltage,
and rotation).

(3) VFD (1nput/output voltages, maxi mum out put
current).

(4) Protective devices (circuit breaker, fuses,
overl oads, thermal devices).

(5) Disconnects (are they in place and sized
correctly?).

(6) Incomng |line power voltage neasurenents to
the VFD (A-B phase, B-C phase, C A phase).

d) It is reconmmended that you use a VFD start-up guide
sheet/report in your start-up procedure. Make the report part of
the project’s contractual requirenents within the specification
section covering the VFD. The benefits of using such a report
i ncl udes verifying key paraneters prior to start-up, documenting
the installation for warranty clains, and aiding in
troubl eshooting for future problens. The follow ng instrunents
shoul d be available at the VFD | ocation for start-up:
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(1) True rnms nmultineter capable of reading AC/ DC
vol tages up to 750 volts.

(2) True rns clanp-on ammeter capable of reading
the VFD s maxi num current out put.

(3) Photo tachoneter to verify shaft output speed
at | oad.

(4) Current/voltage signal generator to generate a
reference analog signal to VFD (4 to 20 mllianperes or 0 to 5
volts). (This is extrenely useful on HVAC applications where the
bui | di ng aut omati on system designed to control the VFD is not
ready at tinme of start-up.)

(5) Gscilloscope to check wave shapes of VFD
output to notor. These wave shapes can be conpared to those
provided in the start-up manual, or recorded (via Polaroid
canmera) for future conparison during troubl eshooting or
mai nt enance. The scope al so can be used to check volts/hertz
ratio.

e) Mke up a conplete final check, via a check-off
list, of electrical and mechani cal conponents to be sure that
they are set correctly. This includes val ves, danpers, limt
swi tches, steady-state voltage, and current val ves.

f) Station people at key |locations (notor, controller
panel, |oad(s), etc.).

g) A proper start-up can be considered conplete only
when the VFD is operated at full load. This is inportant because
you then can nake neani ngful drive adjustnments. You can verify
this by actually checking the FLA and conparing the value to that
on the notor nanepl at e.

h) Wen the start-up conmand is given, watch, listen,
and snell for anything unusual. Once start-up has been
acconplished, allow the systemto run a few hours before taking
test readings for future conparison

D-1.12 VED Generated EM and Harnonic Distortion Concerns.

Har noni cs are generated by nonlinear devices which rectify the

I ncom ng AC voltage to DC and then invert it back to AC, as is
the case with a VFD running a notor. Harnonics from nonlinear
devices are odd multiples of the fundanental frequency (third,
fifth, seventh, etc.). Sone parts of the electrical distribution
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system designed for 60 Hz can have significant | osses at harnonic
frequenci es, which causes higher operating tenperatures and
shortened conponent |ife. The harnonics generated by a VFD
affect not only the load it serves (the notor), but are also
reflected back into the power distribution system thus affecting
ot her devices connected to the distribution system Reference 13
addresses the notor heating and |life expectancy concerns. The
physi cal |ocation of the VFD and its interface point with the
power systemw thin the facility are inportant. Do not |ocate
the VFD near other electronic equipnent, including radar

equi pnent, radi o equi pnent, conputers, hospital diagnostic and
life support equi pnment, or telecomunications equi pnent.

Mnimze the length of line and | oad power |eads as nmuch as
possible. Always run line and | oad conductors in a grounded
continuous netallic conduit system Since nost nechani cal
systens and controls now include solid-state el ectronics, take
precautions to prevent their danmage or mal function due to VFD
generated harnonics. Filters can be added to the VFD i nput
circuit when the VFD does not include adequate filtering
internally for the specific application. Consult the electrical
design engineer for help with resolving interference and harnonic
di storti on concerns.

D-1.13 VED-Driven Premium Efficiency Mdtor Concerns. Although
beyond the scope of this handbook, it should be noted that not
all premumefficiency notors are suitable for control by VFD s.
During the design stage, contact both VFD manufacturers and

prem um efficiency notor manufacturers to ensure conpatibility
for the application at hand.

D-1.14 Troubl eshooti ng VFED Probl ems. Al though inportant in
ensuring |l ong-termsuccessful VFD operation, it is beyond the
scope of this handbook to cover troubl eshooting of VFD probl ens.
The subject of troubleshooting VFD s during their operating
lifetime is well covered in References 6 and 7.
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EC&M April 1995.
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5. Under st andi ng Vari abl e Speed Drives - Part 5, S. S. Turkel,
EC&M June 1995.

6. Under st andi ng Variable Speed Drives - Part 6, S. S. Turkel,
EC&M July 1995.

7. Tr oubl eshooting Variable Speed Drives, S. S. Turkel, EC&M
May 1995.
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EC&M March 1995.
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Engi neer, August 1995.

10. NEMA ICS 3.1-90, Safety Standards for Construction and Guide
for Selection, Installation and Operati on of Adjustable-Speed
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11. NEMA ICS 7-93, Industrial Control and Systens - Adjustabl e-
Speed Drives.

12. | EEE 519-92, | EEE Recomended Practice and Requirenents for
Harmoni ¢ Control in Electrical Power Systens.

13. The Inpact of Adjustable Speed Drives on AC I nduction Mot or
Heating, Efficiency, and Life Expectancy, H T. Maase and

R Rundus, U S. Arny CERL, Chanpaign, |IL, presented at 1995 USACE
El ectrical and Mechani cal Engi neering Trai ni ng Conference,

June 5-9, 1995, St. Louis, MO
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VED Start-Up Report

Report No.:
Report Dat e:
Cust oner :
Cont act Nane: Phone Nunber:
Addr ess:
Ci ty/ Base: State/ Country: Zi p:
Equi pnrent Manuf act urer: Model No. :
Equi pnment Locati on: Serial No.:
Li st of Options:
I nstall ati on Notes:
Type of Load: Load Locati on:
Mot or Manuf act urer: Hor sepower : Servi ce Factor:
Vol t age: RPM Frequency: Frame:
Current: I nsul ati on O ass: NEMA Cl ass:
Load Rotati on: Overl oad Heater Size:

Installation Inspection

Cl earances - Front: __ Back: __ Left: Ri ght: Bott om
G oundi ng Met hod: Gound Wre Size:
| sol ation Transformer (Y/N): Mot or Di sconnects (Y/N):

Details for Yes Answers:

Anbi ent Tenper at ur e: Exposur e:

203



M L- HDBK- 1003/ 3

APPENDI X D (Conti nued)

El ectrical I nspection

I ncom ng Vol tages - A-B Phase: B- C Phase: C- A Phase:
A-Neutral: B- Neutral : C- Neutral :
External Control Voltages (source): Fused:

Ext ernal Process Signals (4-20 mA, 3-15 psi, 0-10 vdc, 0-250
ohm :
Process Signal Sources:

Set Up Paraneters

Accel Tinme (sec): __ Decel Time (sec): __ Second Accel/Decel:
Auto Restart (Y/N:  Miltiple Attenpt Restart (Y/N):
Maxi mum Speed: =~ Mninum Speed: __ Extended Freq. (Y/N)
Torque Boost (Il evel): Gai n: O fset:

Set Up Notes:

Oper ati onal Paraneters

| nverter Bypass
Li ne Current A Phase: A Phase:
B Phase: B Phase:
C Phase: C Phase:
Load Current A Phase: A Phase:
B Phase: B Phase:
C Phase: C Phase:

DC Bus Vol t age: Heat Sink Tenperature (1 hr run tine):

Frequency Qutput at 0O % Reference Signal:

Frequency Qutput at 100% Reference Signal:

Start Up Conplete (Y/N): Conpl eti on Date:
Start Up Conpl et ed By:
Remar ks:
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REFERENCES

NOTE: THE FOLLOW NG REFERENCED DOCUMENTS FORM A PART OF THI S
HANDBOOK TO THE EXTENT SPECI FI ED HEREIN. USERS OF TH S HANDBOOK
SHOULD REFER TO THE LATEST REVI SI ONS OF Cl TED DOCUMENTS UNLESS
OTHERW SE DI RECTED.

FEDERAL/ M LI TARY SPECI FI CATI ONS AND STANDARDS, BULLETI NS,
HANDBOOKS, DESI GN MANUALS, AND NAVFAC GUI DE SPECI FI CATI ONS:

Unl ess otherw se indicated, copies are available fromthe Naval
Publ i shing and Printing Service Ofice (NPPSO), Standardization
Docunment Order Desk, Building 4D, 700 Robbi ns Avenue,

Phi | adel phia, PA 19111-5094.

STANDARDS
M L- STD- 1691 Construction and Material Schedul e
for Mlitary Medical and Dental
Facilities.
HANDBOCKS
M L- HDBK- 423 H gh- Al titude El ectronagnetic Pul se
(HEMP) Protection for Fixed.and
Transport abl e G ound- Based
Facilities
M L- HDBK- 1003/ 6 Central Heating Plants

M L- HDBK- 1003/ 8A Exterior Distribution of Uility
Steam Hi gh Tenperature Water (HTW,
Chilled Water, Natural Gas and
Conpressed Air

M L- HDBK- 1003/ 17 I ndustrial Ventilation Systens

M L- HDBK- 1004/ 10 El ectrical Engi neering Cathodic
Protection

M L- HDBK- 1008B Fire Protection for Facilities

Engi neering, Design, and Construction
M L- HDBK- 1011/ 1 Tropi cal Engi neering
M L- HDBK- 1035 Fam |y Housi ng
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M L- HDBK- 1036 Bachel or Quarters

M L- HDBK- 1190 Facility Pl anning and Desi gn CGui de

M L- HDBK- 1191 Medi cal and Dental Treatnent
Facilities Design and Construction
Criteria

DESI GN MANUALS

Dwvt 3. 01 Pl unbi ng Syst ens

SPECI FI CATI ONS

NFGS- 15250 Mechani cal | nsul ation

NFGS- 15652 Central Refrigeration Equi pnent for
Air Conditioning

NFGS- 15895 Duct wor k and Ductwor k Accessori es

NFGS- 15971 Space Tenperature Control Systens

NFGS- 15972 Direct Digital Control Systens

NAVFAC P- PUBLI CATI ONS AND MAI NTENANCE AND OPERATI ON MANUALS:

Unl ess otherw se indicated, copies are available fromthe Naval
Publ i shing and Printing Service Ofice (NPPSO), Standardization
Docunment Order Desk, Building 4D, 700 Robbi ns Avenue,

Phi | adel phia, PA 19111-5094.

P- PUBLI CATI ONS

P- 89 Engi neeri ng Weat her Dat a

MAI NTENANCE AND OPERATI ON (MO) MANUALS

MO- 209 Mai nt enance of Steam Hot Water, and
Di stribution Systens

MO- 220 Mai nt enance and Operation of Gas
Syst ens

MO- 230 Mai nt enance Manual Petrol eum Fuel

Facilities

206



M L- HDBK- 1003/ 3

OTHER GOVERNVENT DOCUMENTS AND PUBLI CATI ONS:

10 CFR Part 435 Ener gy Conservation Vol untary
Per f ormance Standards for Commercial and
Multi-Famly H gh R se Residenti al
Bui | di ngs, Mandatory for New Feder al
Bui | di ngs

29 CFR Part 1910 Cccupational Industry Safety and Heal th
St andar ds.

OPNAVI NST 5100. 23 Navy Cccupational Safety and Heal th
( NAVOSH) Pr ogram Manual .

DODI NST 6055. 12 DOD Heari ng Conservation Program

(Unl ess otherwi se indicated, copies are available fromthe
Naval Publishing and Printing Service Ofice (NPPSO,
St andar di zati on Docunent Order Desk, Building 4D, 700 Robbi ns
Avenue, Phil adel phia, PA 19111-5094; private organi zations nay
pur chase docunents fromthe Superintendent of Docunents,
U S. Governnent Printing Ofice, Washington, DC 20402.)

U S ARWMY CORPS OF ENG NEERS:

Archi tectural and Engi neering
Instructions, Design Criteria

CEGS- 15950 Heating, Ventilating, and Air
Condi ti oning (HVAC) Control Systens

ETL 94-2 Uility Meters in New and Renovat ed
Facilities

TM 5-805-4 Noi se and Vi bration Control for
Mechani cal Equi pnent

T™M 5- 815-2 Energy Mnitoring and Contr ol
Systens ( EMCS)

(Unl ess otherw se indicated, copies are available fromthe
Naval Publishing and Printing Service Ofice (NPPSO,
St andar di zati on Docunent Order Desk, Building 4D, 700 Robbi ns
Avenue, Phil adel phia, PA 19111-5094; private organi zations may
purchase docunents fromthe Superintendent of Docunents,
U S. Governnent Printing Ofice, Washington, DC 20402.)
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NON- GOVERNMENT  PUBLI CATI ONS:

AVERI CAN CONFERENCE OF GOVERNMVENTAL | NDUSTRI AL HYA ENI STS (ACA H)

| ndustrial Ventilation - Manual of
Recommended Practice

(Unl ess otherwi se indicated, copies are available from Anmeri can
Conference of Governnmental Industrial Hygienists (ACAH), 6500
A enway Avenue, Bldg. D7, Cncinnati, OH 45211-4438.)
AVERI CAN MOVEMENT AND CONTROL ASSOCI ATI ON ( AMCA)

AMCA 201 Fans and Systens
(Unl ess otherwi se indicated, copies are available from Anmeri can
Movenent and Control Association (AMCA), 30 West University
Drive, Arlington Heights, IL 60004.)

AMERI CAN SCCI ETY OF HEATI NG, REFRI GERATI NG AND
Al R- CONDI TI ONI NG ENG NEERS, | NC. ( ASHRAE)

ASHRAE Equi prment Handbook
ASHRAE Handbook, Fundamental s

ASHRAE Handbook, Design of Snoke Contro
Syst ens

ASHRAE Handbook, HVAC Systens and
Applications

ASHRAE Handbook, Refrigeration

ASHRAE Gui deline 1 Comm ssi oni ng of HVAC Syst ens

ASHRAE STD 15 Safety Code for Mechanical Refrigeration
ASHRAE STD 62 Ventil ation for Acceptabl e |Indoor

Alr Quality
ASHRAE STD 90.1 Energy Efficient Design of New Buil di ngs

Except Low Ri se Residential Buil dings

(Unl ess otherw se indicated, copies are available fromthe
American Society of Heating, Refrigerating, and Air-Conditioning
Engi neers, Inc. (ASHRAE), 1791 Tullie Grcle, N E, Atlanta, GA
30329- 2305.)
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NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)
NEMA MG 1 Mot ors and Generators
(Unl ess otherw se indicated, copies are available from Nati onal
El ectrical Manufacturers Association (NEMA), 2101 L Street, N W,
Sui te 300, Washi ngton, DC 20037.)
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 70 Nat i onal El ectrical Code

NFPA 90A Standard for the Installation of Air
Condi ti oning and Ventilating Systens

NFPA 90B Standard for the Installation of Warm
Air Heating and Air Conditioning Systens

(Unl ess otherw se indicated, copies are available fromthe
National Fire Protection Association (NFPA), One Batterymarch
Park, P.O Box 9101, Quincy, MA 02269-9101.)

UNDERWRI TERS LABORATCRI ES, | NC. (UL)

UL 555S Standard for Safety Leakage Rated
Danpers for Use in Snoke Control Systens

(Unl ess otherwi se indicated, copies are available from

Underwiters Laboratories, Inc. (UL), 333 Pfingsten Road,
Nor t hbr ook, IL 60062.)
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GLOSSARY

ACE H  Anerican Conference of Governnental |ndustrial
Hygi eni st s.

ADP. Aut omated data processing.
AFC. Adjustable frequency controller.
ASD. Adj ustable speed drive.

ASHRAE. American Society of Heating, Refrigerating, and Air-
Condi ti oni ng Engi neers, Inc.

ASME. Anerican Society of Mechani cal Engi neers.
ATMS.  Advanced Technol ogi es Marketing and Servi ce.

BLAST. Buil ding | oads anal ysis and system t her rodynam cs.

CFR.  Code of Federal Regul ations.
CSI. Current source inverter.
Cv. Control valve flow coefficient.
DDC. Direct digital controls.
DM  Desi gn manual .
EFA. Engineering field activity.
EFD. Engineering field division.
EMCS. Energy nonitoring and control system
ECD. Expl osive ordnance di sposal .
ETL. Engineering technical letter.
FLA. Full-1oad anperes.
FMF. Fl eet Marine Force.
GIO. Gate turn off thyristors.
GAP. d obal warning potential.
HEPA.  High efficiency air.
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HVAC. Heating, ventilating, and air conditioning.
IAQ Indoor air quality.

| GBT. Insul ated bipolar transistor.

IV. Industrial ventilation.

MLCON. Mlitary construction.

NAVFACENGCOM Naval Facilities Engi neering Conmand.

NEMA. Nati onal El ectrical Munufacturers Associ ati on.

NFESC. Naval Facilities Engineering Service Center.

NFGS. Naval facilities guide specification.
NFPA.  National Fire Protection Association.
NPSH. Net positive suction head.

ODP. (zone depl etion potenti al .

PC. Personal controller.

PD. Pressure dependent.

Pl . Pressure independent.

PID. Proportional, integral, and derivative.
PL. Project |eader.

PVC.  Pol yvinyl chloride.

PW  Pul se wi dth nodul at ed.

SMACNA. Sheet Metal and Air Conditioning Contractors’ National
Associ ation, |nc.

TM  Techni cal manual .
UL. Underwiters Laboratories, Inc.
UPS. Uninterrupted power supply.

VAV. Variable air vol une.
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VFD. Variable frequency drive.

VSI. Voltage source inverter.
WI. Variable voltage inverter.
CUSTODI AN
PREPARI NG ACTI VI TY
NAVY - YD NAVY - YD
PRQIECT NO
FACR- 1134
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