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Part 1: Introduction

1. Part 1: Introduction

1.01. Background

A. The heating, ventilation, and air conditioning (HVAC) equations, data,
rules of thumb, and other information contained within this reference
manual were assembled to aid the beginning engineer and designer in
the design of HVAC systems. In addition, the experienced engineer or
designer may find this manual useful as a quick design reference
guide, field manual, and teaching tool.

B. The following pages compile information from various reference
sources listed in Part 53 of this manual, from college HVAC class
notes, from continuing education design seminars and classes, from
engineers, and from personal experience. This document was put
together as an encyclopedic type reference in contract specification
outline format where information could be looked up quickly, in lieu of
searching through volumes of textbooks, reference books and
manuals, periodicals, trade articles, and product catalogs.

1.02. Rules of Thumb

A. Rules of thumb listed herein should be used considering the
following:
1. Building loads are based on building gross square footage.

2. Building loads generally include ventilation and make-up air requirements.
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3. These rules of thumb may be used to estimate system loads during the
preliminary design stages of a project.

4. Building loads for construction documents should be calculated using the
ASHRAE Handbook of Fundamentals or similar computational procedure in
lieu of using these rules of thumb for final designs. When calculating heating
and cooling loads, actual occupancy, lighting, and equipment information
should be obtained from the owner, architect, electrical engineer, other
design team members, or from technical publications such as ASHRAE.

B. Many of the rules of thumb listed within this reference manual were
developed many years ago. | have received many questions when
conducting seminars regarding these rules of thumb. The most often
asked question is "Are the cooling and heating load rules of thumb
still accurate with the mandate of energy codes and tighter and
improved building envelope construction?" The answer to this
question is yes. The reason the cooling rules of thumb are still
accurate is that the internal loads have increased substantially and
cooling loads have switched from building-envelope-dependent, to
lighting-dependent, and now to people-and-equipment-dependent
(more people and equipment placed in the same area). The reason the
heating load rules of thumb are still reasonably accurate is that the
ventilation air (outdoor air load dictated by code) has increased.

1.03. Codes and Standards

A. Code items contained herein were included more for comparison
purposes than for use during design. All code items (i.e., ICC,
ASHRAE, NFPA) are subject to change, and federal, state, and local
codes should be consulted for applicable regulations and
requirements.

B. The following codes were used unless otherwise noted.
1. 2015 International Code Council Series of Codes (ICC):
a. 2015 International Building Code (herein referred to as 2015 IBC).

b. 2015 International Mechanical Code (herein referred to as 2015 IMC).

c. 2015 International Energy Conservation Code (herein referred to as 2015
IECC).



d. 2015 International Plumbing Code (herein referred to as 2015 IPC).
e. 2015 International Fire Code (herein referred to as 2015 IFC).

f. 2015 International Fuel Gas Code (herein referred to as 2015 IFGC).
g. 2015 International Residential Code (herein referred to as 2015 IRC).
h. 2015 International Existing Building Code.

i. 2015 International Performance Code for Buildings and Facilities.

j. 2015 International Private Sewage Disposal Code.

k. 2015 International Property Maintenance Code.

l. 2015 International Zoning Code.
m. 2015 International Wildland-Urban Interface Code.

2. American Society of Heating, Refrigerating, and Air Conditioning Engineers
(ASHRAE):
a. ASHRAE Standard 15—2013 (herein referred to as ASHRAE 15-2013).

b. ASHRAE Standard 55—2013 (herein referred to as ASHRAE 55-2013).

c. ASHRAE Standard 62.1—2013 (herein referred to as ASHRAE 62.1-2013).
d. ASHRAE Standard 62.2—2013 (herein referred to as ASHRAE 62.2-2013).
e. ASHRAE Standard 90.1—2013 (herein referred to as ASHRAE 90.1-2013).
f. ASHRAE Standard 90.2—2007 (herein referred to as ASHRAE 90.2-2007).

3. National Fire Protection Association Codes (NFPA):
a. NFPA 90A—2015 Installation of Air-Conditioning and Ventilating Systems.

b. NFPA 96—2014 Ventilation Control and Fire Protection of Commercial
Cooking Operations.
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Part 2: Definitions

2. Part 2: Definitions

2.01. General

A. Furnish. Except as otherwise defined in greater detail, the term
furnish is used to mean "supply and deliver to the project site, ready
for unloading, unpacking, assembly, installation, and similar
operations" as applicable to each instance.

B. Install. Except as otherwise defined in greater detail, the term
install is used to describe operations at the project site including
actual "unloading, unpacking, assembly, erection, placing, anchoring,
connecting, applying, working to dimension, finishing, curing,
protecting, testing to demonstrate satisfactory operation, cleaning,
and similar operations" as applicable in each instance.

C. Provide. Except as otherwise defined in greater detail, the term
provide means to furnish and install, complete and ready for intended
use and successfully tested to demonstrate satisfactory operation as
applicable in each instance.

D. Remove. Except as otherwise defined in greater detail, the term
remove means to disassemble, dismantle, and/or cut into pieces in
order to remove the equipment from the site and to properly dispose
of the removed equipment and pay for all associated costs incurred.

E. Replace. Except as otherwise defined in greater detail, the term
replace means to remove the existing equipment and to provide new
equipment of the same size, capacity, electrical characteristics,
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function, etc., as the existing equipment.

F. Relocate. Except as otherwise defined in greater detail, the term
relocate means to carefully remove without damaging item and to
install where shown on the contract documents and/or as directed by
the design professional and/or owner.

G. Shall. Shall indicates action that is mandatory on the part of the
contractor.

H. Will. Will indicates action that is probable on the part of the
contractor.

I. Should. Should indicates action that is probable on the part of the
contractor.

). May. May indicates action that is permissible on the part of the
contractor.

K. Indicated. The term indicated is a cross-reference to graphic
representations, details, notes, or schedules on the drawings; to other
paragraphs or schedules in the specifications; and to similar means of
recording requirements in the contract documents. Where terms such
as shown, noted, scheduled, and specified are used in lieu of
indicated, it is for the purpose of helping the reader locate the cross-
reference, and no limitation is intended except as specifically noted.

L. Shown. The term shown is a cross-reference to graphic
representations, details, notes, or schedules on the contract drawings
and to similar means of recording requirements in the contract
documents.

M. Detailed. The term detailed is a cross-reference to graphic
representations, details, notes, or schedules on the contract drawings
and to similar means of recording requirements in the contract
documents.

N. Specified. The term specified is a cross-reference to paragraphs or
schedules in the specifications and to similar means of recording
requirements in the contract documents. The specifications include
the general provisions, special provisions, and the technical
specifications for the project.



O. Including, Such as. The terms including and such as shall always be
taken in the most inclusive sense, namely "including, but not limited
to" and "such as, but not limited to."

P. Supply, Procurement. The terms supply and procurement shall
mean to purchase, procure, acquire, and deliver complete with
related accessories.

Q. At No Additional Cost. The phrase "at no additional cost" shall
mean at no additional cost to the owner and at no additional cost to
the design professional or construction manager.

R. Approved, Accepted. Where used in conjunction with the design
professional's response to submittals, requests, applications,
inquiries, reports, and claims by the contractor, the meaning of the
terms approved and accepted shall be held to the limitations of the
design professional's responsibilities to fulfill requirements of the
contract documents. The terms approved and accepted shall also
mean to permit the use of material, equipment, or methods
conditional upon compliance with the contract documents.

S. Approved Equal, Approved Equivalent. The terms approved equal
and approved equivalent shall mean possessing the same
performance qualities and characteristics and fulfilling the same
utilitarian function and approved by the design professional.

T. Directed, Requested, Required, etc. Where not otherwise
explained, terms such as directed, requested, required, authorized,
selected, approved, accepted, designated, prescribed, ordered, and
permitted mean "directed by the design professional,” "requested by
the design professional," "required by the design professional,” and
similar phrases. However, no such implied meaning will be interpreted
to expand the design professional's responsibility into the
contractor's area of construction supervision.

U. Review. The term review shall mean limited observation or
checking to ascertain general conformance with the design concept of
the work and with information given in the contract documents. Such
action does not constitute a waiver or alteration of the contract
document requirements.

V. Suitable, Reasonable, Proper, Correct, and Necessary. Such terms



shall mean as suitable, reasonable, proper, correct, or necessary for
the purpose intended as required by the contract documents, subject
to the judgment of the design professional or the construction
manager.

W. Option. The term option shall mean a choice from the specified
products, manufacturers, or procedures which shall be made by the
contractor. The choice is not "whether" the work is to be performed,
but "which" product, "which" manufacturer, or "which" procedure is to
be used. The product or procedure chosen by the contractor shall be
provided at no increase or additional cost to the owner, design
professional, or construction manager, and with no lessening of the
contractor's responsibility for its performance.

X. Similar. The term similar shall mean generally the same but not
necessarily identical; details shall be worked out in relation to other
parts of the work.

Y. Submit. The term submit shall mean, unless otherwise defined in
greater detail, transmit to the design professional for approval,
information, and record.

Z. Project Site, Work Site. The term project site shall be defined as
the space available to the contractor for performance of the work,
either exclusively or in conjunction with others performing other work
as part of the project or another project. The extent of the project site
is shown on the drawings or specified and may or may not be identical
with the land upon which the project is to be built. The project site
boundaries may include public streets, highways, roads, interstates,
etc., public easements, and property under ownership of someone
other than the client and are not available for performance of work.

AA. Testing Laboratories. The term testing laboratories shall be
defined as an independent entity engaged to perform specific
inspections or tests of the work, either at the project site or
elsewhere, and to report and, if required, interpret the results of
those inspections or tests.

BB. Herein. The term herein shall mean the contents of a particular
section where this term appears.

CC. Singular Number. In all cases where a device or part of equipment



or system is herein referred to in the singular number (such as fan,
pump, cooling system, heating system, etc.), it is intended that such
reference shall apply to as many such items as are required by the
contract documents and to complete the installation.

DD. No Exception Taken. The term no exception taken shall mean the
same as approved.

EE. Approved as Noted, Make Corrections Noted, or Revise—No
Resubmittal Required. The terms approved as noted, make
corrections noted, and revise—no resubmittal required shall mean the
submittal essentially complies with the contract documents except for
a few minor discrepancies that have been annotated directly on the
submittal that will have to be corrected on the submittal and the work
correctly installed in the field by the contractor.

FF. Revise and Resubmit. The term revise and resubmit shall mean
the contractor shall revise the submittal to conform with the contract
documents by correcting moderate errors, omissions, and/or
deviations from the contract documents and resubmit it for review
prior to approval and before any material and/or equipment can be
fabricated, purchased, or installed by the contractor.

GG. Disapproved/Resubmit. The term disapproved/resubmit shall
mean the contractor shall revise the submittal to conform with the
contract documents by correcting serious errors, omissions, and/or
deviations from the contract documents and resubmit it for review
prior to approval and before any material and/or equipment can be
fabricated, purchased, or installed by the contractor.

HH. Disapproved or Rejected. The terms disapproved and rejected
shall mean the contractor shall discard and replace the submittal
because the submittal did not comply with the contract documents in
a major way.

Il. Submit Specified Item. The term submit specified item shall mean
the contractor shall discard and replace the submittal with a
submittal containing the specified items because the submittal
contained improper manufacturer, model number, material, etc.

)). Acceptance. The formal acceptance by the owner or design
professional of the work, as evidenced by the issuance of the



acceptance certificate.

KK. Contract Item, Pay Item, Contract Fixed Price Item. A specifically
described item of work that is priced in the contract documents.

LL. Contract Time, Time of Completion. The number of calendar days
(not working days) set forth in the contract documents for completion
of the work.

MM. Failure. Any detected inability of material or equipment, or any
portion thereof, to function or perform in accordance with the
contract documents.

NN. Substantial Completion. Substantial completion shall be defined
as the sufficient completion and accomplishment by the contractor of
all work or designated portions thereof essential to fulfillment of the
purpose of the contract, so the owner can occupy or utilize the work
or designated portions thereof for the use for which it is intended.

0O0. Final Completion, Final Acceptance. Final completion or final
acceptance shall be defined as completion and accomplishment by the
contractor of all work including contractual administrative
demobilization work, all punch list items, and all other contract
requirements essential to fulfillment of the purpose of the contract,
so the owner can occupy or utilize the work for the use for which it is
intended.

PP. Pre-Final Inspection or Observation. The term pre-final inspection
or observation shall be held to the limitations of the design
professional's responsibilities to fulfill the requirements of the
contract documents and shall not relieve the contractor from contract
obligations. The term pre-final inspection shall also mean all
inspections conducted prior to the final inspection by the owner, the
design professional, or both, verifying that all the work, with the
exception of required contractual administrative demobilization work,
inconsequential punch list items, and guarantees, has been
satisfactorily completed in accordance with the contract documents.

QQ. Final Inspection or Observation. The term final inspection or
observation shall be held to the limitations of the design
professional's responsibilities to fulfill the requirements of the
contract documents and shall not relieve the contractor from contract



obligations. The term final inspection shall also mean the inspection
conducted by the owner, the design professional, or both, verifying
that all the work, with the exception of required contractual
administrative demobilization work, inconsequential punch list items,
and guarantees, has been satisfactorily completed in accordance with
the contract documents.

RR. Reliability. The probability that a system will perform its intended
functions without failure and within design parameters under
specified operating conditions for which it is designed and for a
specified period of time.

SS. Testing. The term testing may be described as the inspection,
investigation, analysis, and diagnosis of all systems and components
to ensure that the systems are operable, meet the requirements of
the contract documents, and are ready for operation. Included are
such items as:

1. Verification that the system is filled with water and is not air bound.

2. Verification that expansion tanks of the proper size are connected at the
correct locations and that they are not waterlogged.

3. Verification that all system components are in proper working order and
properly installed. Check for proper flow directions.

4. Checking of all voltages for each motor in the system.

5. Checking that all motors rotate in the correct direction and at the correct
speed.

6. Checking all motors for possible overload (excess amperage draw) on initial
start-up.

7. Checking of each pump for proper alignment.
8. Checking all systems for leaks, etc.

9. Checking all systems and components to ensure they meet the contract
document requirements as far as capacity, system operation, control
function, and other items required by the contract documents.



TT. Adjusting. The term adjusting may be described as the final
setting of balancing devices such as dampers and valves, establishing
and setting minimum variable frequency controller speed, in addition
to automatic control devices, such as thermostats and
pressure/temperature controllers to achieve maximum system
performance and efficiency during normal operation. Adjusting also
includes final adjustments for pumps by regulation of motor speed,
partial close-down of pump discharge valve or impeller trim
(preferred over the partial close-down of pump discharge valve).

UU. Balancing. The term balancing is the methodical regulation of
system fluid flow-rates (air and water) through the use of workable
and industry-accepted procedures as specified to achieve the desired
or specified flow rates (CFM or GPM) in each segment (main, branch,
or subcircuit) of the system.

VV. Commissioning. The term commissioning is the methodical
procedures and methods for documenting and verifying the
performance of the building envelope, HVAC, plumbing, fire
protection, electrical, life safety, and telecom/data systems so that
the systems operate in conformity with the design intent.
Commissioning will include testing; adjusting; balancing;
documentation of occupancy requirements and design assumptions;
documentation of design intent for use by contractors, owners, and
operators; functional performance testing and documentation
necessary for evaluating all systems for acceptance; and adjusting the
building systems to meet actual occupancy needs within the
capability of the systems. The purpose of commissioning of building
systems is to achieve the end result of a fully functional, fine-tuned,
and operational building.

WW. Functional Performance Testing. The term functional
performance testing shall mean the full range of checks and tests
carried out to determine if all components, subsystems, systems, and
interfaces between systems function in accordance with the contract
documents. In this context, function includes all modes and
sequences of control operation, all interlocks and conditional control
responses, and all specified responses to abnormal emergency
conditions.

XX. Confined Spaces. Confined spaces (according to OSHA



regulations) are spaces which must have these three characteristics:

1.

The space must be large enough and configured to permit personnel to
enter and work.

. The space is not designed for continuous human occupancy.

The space has limited or restricted means of entry and exit.

. Two categories of confined spaces exist:

a. Non-Permit Required Confined Spaces (NRCS). Spaces that contain no
physical hazards that could cause death or serious physical harm, and
cannot possibly contain any atmospheric hazards.

b. Permit Required Confined Spaces (PRCS). Spaces that contain or may
contain a hazardous atmosphere (atmospheric hazards—oxygen
deficiency or enrichment 19.5 percent acceptable minimum and 23.5
percent acceptable maximum; flammable contaminants; and toxic
contaminants—product, process, or reactivity); a liquid or finely divided
solid material such as grain, pulverized coal, etc., that could surround or
engulf a person; or some other recognized serious safety or health hazard
such as temperature extremes or mechanical or electrical hazards
(boilers, open transformers, tanks, vaults, sewers, manholes, pits,

machinery enclosures, vats, silos, storage bins, rail tank cars, and process

or reactor vessels).

YY. Hazardous Location Classifications

1. Hazardous locations are those areas where a potential for explosion and fire

exist because of flammable gases, vapors, or dust in the atmosphere, or
because of the presence of easily ignitable fibers or flyings in accordance
with the National Electric Code (NEC—NFPA 70).

. Class | Locations. Class | locations are those locations in which flammable

gases or vapors are, or may be, present in the air in quantities sufficient to

produce explosive or ignitable mixtures.

a. Class I, Division 1 Locations. These are Class | locations where the
hazardous atmosphere is expected to be present during normal

operations. It may be present continuously, intermittently, periodically, or

during normal repair or maintenance operations. Division 1 locations are
also those locations where a breakdown in the operation of processing
equipment results in the release of hazardous vapors while providing a
source of ignition with the simultaneous failure of electrical equipment.



b. Class I, Division 2 Locations. These are Class | locations in which volatile
flammable liquids or gases are handled, processed, or used, but in which
they can escape only in the case of accidental rupture or breakdown of
the containers or systems. The hazardous conditions will occur only under
abnormal conditions.

3. Class Il Locations. Class Il locations are those locations that are hazardous
because of the presence of combustible dust.

a. Class I, Division 1 Locations. These are Class Il locations where
combustible dust may be in suspension in the air under normal conditions
in sufficient quantities to produce explosive or ignitable mixtures. This
may occur continuously, intermittently, or periodically. Division 1 locations
also exist where failure or malfunction of machinery or equipment might
cause a hazardous location to exist while providing a source of ignition
with the simultaneous failure of electrical equipment. Included also are
locations in which combustible dust of an electrically conductive nature
may be present.

b. Class I, Division 2 Locations. These are Class Il locations in which
combustible dust will not normally be in suspension in the air, and normal
operations will not put the dust in suspension, but where accumulation of
the dust may interfere with the safe dissipation of heat from electrical
equipment or where accumulations near electrical equipment may be
ignited by arcs, sparks, or burning material from the equipment.

4. Class Ill Locations. Class lll locations are those locations that are hazardous
because of the presence of easily ignitable fibers or flyings, but in which the
fibers or flyings are not likely to be in suspension in the air in quantities
sufficient to produce ignitable mixtures.

a. Class Ill, Division 1 Locations. These are locations in which easily ignitable
fibers or materials producing combustible flyings are handled,
manufactured, or used.

b. Class Ill, Division 2 Locations. These locations are where easily ignitable
fibers are stored or handled.

2.02. Systems



A. Mechanical Systems. The term mechanical systems shall mean for
the purposes of these contract documents all heating, ventilating,
and air conditioning systems and all piping systems as specified and
as shown on the mechanical drawings and all services and
appurtenances incidental thereto.

B. Plumbing Systems. The term plumbing systems shall mean for the
purposes of these contract documents all plumbing fixtures, plumbing
systems, piping systems, medical vacuum, medical compressed air,
medical gas, laboratory vacuum, laboratory compressed air, and all
laboratory gas systems as specified and as shown on the plumbing
drawings and all services and appurtenances incidental thereto.

C. Fire Suppression Systems. The term fire suppression systems shall
mean for the purposes of these contract documents all fire protection
piping systems, standpipe, wet-pipe, dry-pipe, preaction, foam
suppression, and all fire protection systems as specified and as shown
on the fire protection drawings and all services and appurtenances
incidental thereto.

D. Ductwork. The term ductwork shall include ducts, fittings, flanges,

dampers, insulation, hangers, supports, access doors, housings, and

all other appurtenances comprising a complete and operable system.

1. Supply Air Ductwork. The term supply air ductwork shall mean for the
purposes of these contract documents all ductwork carrying air from a fan or
air handling unit to the room, space, or area to which it is introduced. The air
may be conditioned or unconditioned. Supply air ductwork extends from the
fan or air handling unit to all the diffusers, registers, and grilles.

2. Return Air Ductwork. The term return air ductwork shall mean for the
purposes of these contract documents all ductwork carrying air from a room,
space, or area to a fan or air handling unit. Return air ductwork extends from
the registers, grilles, or other return openings to the return fan (if used) and
the air handling unit.

3. Exhaust Air Ductwork. The term exhaust air ductwork shall mean for the
purposes of these contract documents all ductwork carrying air from a room,
space, area, or equipment to a fan and then discharged to the outdoors.
Exhaust air ductwork extends from the registers, grilles, equipment, or other
exhaust openings to the fan, and from the fan to the outdoor discharge
point.



. Relief Air Ductwork. The term relief air ductwork shall mean for the purposes
of these contract documents all ductwork carrying air from a room, space, or
area without the use of a fan or with the use of a return fan to be discharged
to the outdoors. Relief air ductwork extends from the registers, grilles, or
other relief openings to the outdoor discharge point, or from the return fan
discharge to the outdoor discharge point.

. Outside Air Ductwork. The term outside air ductwork shall mean for the

purposes of these contract documents all ductwork carrying unconditioned
air from the outside to a fan or air handling unit. Outdoor air ductwork
extends from the intake point or louver to the fan, air handling unit, or
connection to the return air ductwork.

. Mixed Air Ductwork. The term mixed air ductwork shall mean for the

purposes of these Contract Documents all ductwork carrying a mixture of
return air and outdoor air. Mixed air ductwork extends from the point of
connection of the return air and outdoor air ductwork to the fan or air
handling unit.

. Supply Air Plenum. The term supply air plenum shall mean for the purposes
of these contract documents all ductwork in which the discharges of multiple
fans or air handling units connect forming a common supply header, or all
ductwork or ceiling construction forming a common supply box where supply
air ductwork discharges into the box at limited locations for air distribution
to supply diffusers which are directly connected to the plenum.

. Return Air Plenum. The term return air plenum shall mean for the purposes
of these contract documents all ductwork in which the suctions of multiple
return fans or the discharges of multiple return fans connect forming a
common suction or discharge return header or the space above the
architectural ceiling and below the floor or roof structure used as return air
ductwork.

. Exhaust Air Plenum. The term exhaust air plenum shall mean for the
purposes of these contract documents all ductwork in which the suctions of
multiple exhaust fans or the discharges of multiple exhaust fans connect
forming a common suction or discharge exhaust header or the ductwork
formed around single or multiple exhaust air discharge openings or louvers
to create a connection point for exhaust air ductwork.



10. Relief Air Plenum. The term relief air plenum shall mean for the purposes of
these contract documents all ductwork in which multiple relief air ductwork
connections are made forming a common relief air header.

11. Outdoor Air Plenum. The term outdoor air plenum shall mean for the
purposes of these contract documents all ductwork in which the suctions of
multiple fans or air handling units connect to form a common outside air
header or the ductwork formed around single or multiple outside air
openings or louvers to create a connection point for outside air ductwork.

12. Mixed Air Plenum. The term mixed air plenum shall mean for the purposes of
these contract documents all ductwork in which multiple return air and
multiple outdoor air ductwork connections are made forming a common
mixed air header.

13. Vents, Flues, Stacks, and Breeching. The terms vents, flues, stacks, and
breeching shall mean for the purposes of these contract documents
ductwork conveying the products of combustion to atmosphere for safe
discharge.

E. Piping. The term piping shall include pipe, fittings, valves, flanges,
unions, traps, drains, strainers, insulation, hangers, supports, and all
other appurtenances comprising a complete and operable system.

F. Wiring. The term wiring shall include wire, conduit, raceways, bus
duct, fittings, junction and outlet boxes, switches, cutouts,
receptacles, and all other appurtenances comprising a complete and
operable system.

G. Product. The term product shall include materials, equipment, and
systems for a complete and operable system.

H. Motor Controllers. The term motor controllers shall be manual or
magnetic starters (with or without switches), variable frequency
controllers, individual push buttons, or hand-off-automatic (HOA)
switches controlling the operation of motors.

|I. Control Devices. The term control devices shall be automatic
sensing and switching devices such as thermostats, float, and electro-
pneumatic switches controlling the operations of mechanical and
electrical equipment.



). Work, Project. The terms work and project shall mean labor,
operations, materials, supervision, services, machinery, equipment,
tools, supplies, and facilities to be performed or provided including
work normally done at the location of the project to accomplish the
requirements of the contract including all alterations, amendments,
or extensions to the contract made by change order.

K. Extra Work. The term extra work shall be any item of work not
provided for in the awarded contract as previously modified by
change order (change bulletin) or supplemental agreement, but which
is either requested by the owner or found by the design professional
to be necessary to complete the work within the intended scope of
the Contract as previously modified.

L. Concealed. The term concealed shall mean hidden from normal
sight; includes work in crawl spaces, above ceilings, in walls, in
chases, and in building shafts.

M. Exposed. The term exposed shall mean not concealed.

N. Below Ground. The term below ground shall mean installed
underground, buried in the earth, or buried below the ground floor
slab.

O. Above Ground. The term above ground shall mean not installed
underground, not buried in the earth, and not buried below the
ground floor slab.

P. Conditioned. The term conditioned shall mean for the purposes of
these contract documents rooms, spaces, or areas that are provided
with mechanical heating and cooling.

Q. Unconditioned and Nonconditioned. The terms unconditioned and
nonconditioned shall mean for the purposes of these contract
documents rooms, spaces, or areas that are not provided with
mechanical heating or cooling.

R. Heated. The term heated shall mean for the purposes of these
contract documents rooms, spaces, or areas that are provided with
mechanical heating only.



S. Air Conditioned. The term air conditioned shall mean for the
purposes of these contract documents rooms, spaces, or areas that
are provided with mechanical cooling only.

T. Unheated. The term unheated shall mean for the purposes of these
contract documents rooms, spaces, or areas that are not provided
with mechanical heating.

U. Ventilated Spaces. The term ventilated spaces shall mean for the
purposes of these contract documents rooms, spaces, or areas
supplied with outdoor air on a continuous or intermittent basis. The
outdoor air may be conditioned, heated, unconditioned, or unheated.

V. Indoor. The term indoor shall mean for the purposes of these
contract documents items or devices contained within the confines of
a building, structure, or facility and items or devices that are not
exposed to weather. The term indoor shall generally reference
ductwork, piping, or equipment location (indoor ductwork, indoor
piping, indoor equipment).

W. Outdoor. The term outdoor shall mean for the purposes of these
contract documents items or devices not contained within the
confines of a building, structure, or facility and items or devices that
are exposed to weather. The term outdoor shall generally reference
ductwork, piping, or equipment (outdoor ductwork, outdoor piping,
outdoor equipment).

X. Hot. The term hot shall mean for the purposes of these contract
documents the temperature of conveyed solids, liquids, or gases that
are above the surrounding ambient temperature or above 100°F (hot
supply air ductwork, heating water piping).

Y. Cold. The term col/d shall mean for the purposes of these contract
documents the temperature of conveyed solids, liquids, or gases that
are below the surrounding ambient temperature or below 60°F (cold
supply air ductwork, chilled water piping).

Z. Warm. The term warm shall mean for the purposes of these
contract documents the temperature of conveyed solids, liquids, or
gases that are at the surrounding ambient temperature or between
60°F and 100°F (condenser water piping).



AA. Hot/Cold. The term hot/cold shall mean for the purposes of these
contract documents the temperature of conveyed solids, liquids, or
gases that can be either hot or cold depending on the season of the
year (heating and air conditioning supply air ductwork, dual
temperature piping systems).

BB. Removable. The term removable shall mean detachable from the
structure or system without physical alteration or disassembly of the
materials or equipment or disturbance to other construction.

CC. Temporary Work. Work provided by the contractor for use during
the performance of the work, but which is to be removed prior to final
acceptance.

DD. Normally Closed (NC). The term normally closed shall mean the
valve, damper, or other control device shall remain in, or go to, the
closed position when the control air pressure, the control power, or
the control signal is removed. The position the device will assume
when the control signal is removed.

EE. Normally Open (NO). The term normally open shall mean that the
valve, damper, or other control device shall remain in, or go to, the
open position when the control air pressure, the control power, or the
control signal is removed. The position the device will assume when
the control signal is removed.

FF. Traffic Level or Personnel Level. The term traffic level or
personnel level shall mean for the purposes of these contract
documents all areas, including process areas, equipment rooms,
boiler rooms, chiller rooms, fan rooms, air handling unit rooms, and
other areas where insulation may be damaged by normal activity and
local personnel traffic. The area extends vertically from the walking
surface to 8'0" above walking surface and extends horizontally 5'0"
beyond the edge of the walking surface. The walking surface shall
include floors, walkways, platforms, catwalks, ladders, and stairs.

2.03. Contract Documents



A. Contract Drawings. The terms contract drawings and drawings shall
mean all drawings or reproductions of drawings pertaining to the
construction or plans, sections, elevations, profiles, and details of the
work contemplated and its appurtenances.

B. Contract Specifications. The terms contract specifications and
specifications shall mean the description, provisions, and other
requirements pertaining to the method and manner of performing the
work and to the quantities and qualities of materials to be furnished
under the contract. The specifications shall include the general
provisions, the special provisions, and the technical specifications.

C. Contract Documents. The term contract documents shall include
contract drawings, contract specifications, addenda, amendments,
shop drawings, coordination drawings, general provisions, special
provisions, the executed agreement and other items required for, or
pertaining to, the contract, including the executed contract.

D. Addenda. Addenda are issued as changes, amendments, or
clarifications to the original or previously issued contract documents.
Addenda are issued in written and/or drawing form prior to
acceptance or signhing of the construction contract.

E. Amendments (Change Orders, Change Bulletins). Amendments
(change orders, change bulletins) are issued changes or amendments
to the contract documents. Amendments are issued in written and/or
drawing form after acceptance or signing of the contract.

F. Submittals or Shop Drawings. The term submittals or shop
drawings shall include drawings, coordination drawings, diagrams,
schedules, performance characteristics, charts, brochures, catalog
cuts, calculations, certified drawings, and other materials prepared by
the contractor, subcontractor, manufacturer, or distributor that
illustrate some portion of the work in accordance with the
requirements of the contract documents used by the contractor to
order, fabricate, and install the general construction, mechanical,
plumbing, fire protection, and electrical equipment and systems in a
building.

The corrections or comments annotated on a shop drawing during the
design professional's review do not relieve the contractor from full
compliance with the contract documents regarding the work. The



design professional's check is only a review of the shop drawing's
general compliance with the information shown in the contract
documents. The contractor remains responsible for continuing the
correlation of all material and component quantities and dimensions,
coordination of the contractor's work with that of other trades,
selection of suitable fabrication and installation techniques, and
performance of work in a safe and satisfactory manner.

G. Product Data. lllustrations, standard schedules, performance
charts, instructions, brochures, diagrams, and other information
furnished by the contractor to illustrate a material, product, or system
for some portion of the work.

H. Samples. Physical examples that illustrate material, equipment, or
workmanship and establish standards to which the work will be
judged.

|I. Coordination Drawings. The terms coordination drawings and
composite drawings are drawings created by the respective
contractors showing work of all contractors superimposed on the
sepia or mylar of the basic shop drawing of one of the contractors to
coordinate and verify that all work in a congested area will fit in an
acceptable manner.

). Contract. A set of documents issued by the owner for the work,
which may include the contract documents, the advertisement, form
of proposal, free competitive bidding affidavit, affidavit as to taxes,
certification of bidder, buy America requirements, disadvantaged
business enterprise forms, bid bond, agreement, waiver of right to file
mechanics lien, performance bond, payment bond, maintenance
bond(s), certification regarding lobbying, disclosure form to report
lobbying, and other forms that form part of the contract as required
by the owner and the contract documents.

K. Payment Bond. The approved form of security furnished by the
contractor and its surety as a guarantee to pay promptly, or cause to
be paid promptly, in full, such items as may be due for all material
furnished, labor supplied or performed, rental of equipment used, and
services rendered in connection with the work.

L. Maintenance Bond. The approved form of security furnished by the



contractor and its surety as a guarantee on the part of the contractor
to remedy, without cost to the owner, any defects in the work that
may develop during a period of twelve (12) months from the date of
substantial completion.

M. Performance Bond. The approved form of security furnished by the
contractor and its surety as a guarantee on the part of the contractor
to execute the work.

N. Working Drawings. Drawings and calculations prepared by the
contractor, subcontractor, supplier, distributor, etc., that illustrate
work required for the construction of, but which will not become an
integral part of, the work. These shall include, but are not limited to,
drawings showing contractor's plans for temporary work such as
decking, temporary bulkheads, support of excavation, support of
utilities, groundwater control systems, forming and false-work,
erection plans, and underpinning.

O. Construction Drawings or Coordination Drawings. Detailed
drawings prepared by the contractor, subcontractor, supplier,
distributor, etc., that illustrate in exact and intricate detail, work
required for the construction contract. These drawings often show
hanger locations, vibration isolators, ductwork and pipe fittings,
sections, dimensions of ducts and pipes, and other items required to
construct the work.

P. Project Record Documents. A copy of all contract drawings, shop
drawings, working drawings, addenda, change orders, contract
documents, and other data maintained by the contractor during the
work. The contractor's recording, on a set of prints, of accurate
information and sketches regarding the exact detail and location of
the work as actually installed, recording such information as the exact
location of all underground utilities, contract changes, and contract
deviations. The contractor's information is then transferred to the
original contract documents by the design professional for the
owner's permanent record unless otherwise directed or specified.

Q. Proposal Guarantee. Cashier's check, certified check, or bid bond
accompanying the proposal submitted by the bidder as a guarantee
that the bidder will enter into a contract with the owner for the



performance of the work indicated and file acceptable bonds and
insurance if the contract is awarded to it.

R. Project Schedule. The schedule for the work as prepared and
maintained by the contractor in accordance with the contract
documents.

S. Certificate of Substantial Completion. Certificate issued by the
owner or design professional certifying that a substantial portion of
the work has been completed in accordance with the contract
documents with the exception of contractual administrative
demobilization work, inconsequential punch list items, and
guarantees. The certificate of substantial completion shall establish
the date of substantial completion, shall state the responsibilities of
the owner and the contractor for security, maintenance, heat,
utilities, damage to the work, and insurance, and shall fix the time
within which the contractor shall complete the items listed therein.
Warranties required by the contract documents shall commence on
the date of substantial completion of the work or a designated portion
thereof unless otherwise provided in the certificate of substantial
completion or the contract documents.

T. Certificate of Final Completion (Final Acceptance). Certificate
issued by the owner or design professional certifying that all of the
work has been completed in accordance with the contract documents
to the best of the owner's or design professional's knowledge,
information, and belief, and on the basis of that person's observations
and inspections including contractual administrative demobilization
work and all punch list items. The certificate of final completion shall
establish the date of owner acceptance. Warranties required by the
contract documents shall commence on the date of final completion of
the work unless otherwise provided in the certificate of substantial
completion or the contract documents.

U. Acceptance Certificate. Certificate to be issued by the owner or
design professional certifying that all the work has been completed in
accordance with the contract documents.

V. Award. The acceptance by the owner of the bid from the
responsible bidder (sometimes the lowest responsible bidder) as
evidenced by the written notice to award to the bidder tendering said



bid.

W. Bid (Proposal). The proposal of the bidder for the work, submitted
on the prescribed bid form, properly signed, dated, and guaranteed,
including alternates, the unit price schedule, bonds, and other bidding
requirements as applicable.

X. Certificate of Compliance. Certificate issued by the supplier
certifying that the material or equipment furnished is in compliance
with the contract documents.

Y. Agreement. The instrument executed by the owner and the
contractor in conformance with the contract documents for the
performance of the work.

Z. Field Order. A notice issued to the contractor by the design
professional specifying an action required of the contractor.

AA. Request for Information or Request for Interpretation (RFI). A
notice issued by the contractor to the design professional or owner
requesting a clarification of the contract documents.

BB. Notice to Proceed. A written notice from the owner to the
contractor or design professional directing the contractor or design
professional to proceed with the work.

CC. Advertisement, Invitation to Bid. The public or private
announcement, as required by law or the owner, inviting bids for the
work to be performed, material to be furnished, or both.

2.04. Contractors/Manufacturers/Authorities

A. Contractor. The term contractor shall mean the individual, firm,
partnership, corporation, joint venture, or any combination thereof or
their duly authorized representatives who have executed a contract
with the client for the proposed work.

B. Subcontractor or Trade Contractor. The terms subcontractor or
trade contractor shall mean all the lower-tier contractors, material
suppliers, and distributors that have executed a contract with the
contractor for the proposed work.



C. Furnisher or Supplier. The terms furnisher or supplier shall be
defined as the "entity" (individual, partnership, firm, corporation,
joint venture, or any combination thereof) engaged by the contractor,
its subcontractor, or sub-subcontractor, to furnish a particular unit of
material or equipment to the project site. It shall be a requirement
that the furnisher or supplier be experienced in the manufacture of
the material or equipment they are to furnish.

D. Installer. The term installer shall be defined as the "entity"
(individual, partnership, firm, corporation, joint venture, or any
combination thereof) engaged by the contractor, its subcontractor, or
sub-subcontractor to install a particular unit of work at the project
site, including installation, erection, application, and similar required
operations. It shall be a requirement that the installer be experienced
in the operations they are engaged to perform.

E. Provider. The term provider shall be defined as the "entity"
(individual, partnership, firm, corporation, joint venture, or any
combination thereof) engaged by the contractor, its subcontractor, or
sub-subcontractor to provide a particular unit of material or
equipment at the project site. It shall be a requirement that the
provider be experienced in the operations they are engaged to
perform.

F. Bidder. An individual, firm, partnership, corporation, joint venture,
or any combination thereof submitting a bid for the work as a single
business entity and acting directly or through a duly authorized
representative.

G. Authority Having Jurisdiction. The term authority having
Jurisdiction shall mean federal, state, and/or local authorities or
agencies thereof having jurisdiction over work to which reference is
made and authorities responsible for "approving" equipment,
installation, and/or procedures.

H. Surety. The corporate body that is bound with, and for, the
contractor for the satisfactory performance of the work by the
contractor, and the prompt payment in full for materials, labor,
equipment, rentals, and services, as provided in the bonds.



I. Acceptable Manufacturers. The term acceptable manufacturers shall
mean the specified list of manufacturers considered acceptable to bid
the project for a specific piece of equipment. Only the equipment
specified has been checked for spatial compatibility. If the contractor
elects to use an optional manufacturer from the acceptable
manufacturers list in the specifications, it shall be the contractor's
responsibility to determine and ensure the spatial compatibility of the
manufacturer's equipment selected.
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Part 3: Equations

3. Part 3: Equations

3.01. Airside System Equations and Derivations

A. Equations
Hs=1.08 X CFM x AT
H; = 0.68 X CFM x AWgg.
H, = 4840 x CFM x AW,g,

Hr= 4.5 x CFM x Ah

Hr= H5+ H,;
_H; H;
SHR=p =H 1 H,
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= sensible heat (Btu/h)

He = |latent heat (Btu/h)

Ht = total heat (Btu/h)

AT = temperature difference (°F)

AWGR. = humidity ratio difference
(Gr.H,0O/lbs.DA)

AW g = humidity ratio difference
(Ibs.H>O/Ibs.DA)

Ah = enthalpy difference (Btu/lbs.DA)

CFM = air flow rate (cubic feet per minute)

SHR = sensible heat ratio

m = mass flow (Ilbs.DA/h)

Ca = specific heat of air (0.24 Btu/lbs.DA
OF)

DA = dry air

B. Derivations

1. Standard air conditions:

a.

b.

e.

Temperature: 60°F

Pressure: 14.7 psia (sea level)

. Specific volume: 13.33 ft.3/Ibs.DA

Density: 0.075 Ibs./ft.3

Ly = Latent heat of water @60°F: 1060 Btu/Ibs.

2. Sensible heat equation:



Hs =m X Cy X AT

cp = 0.24 (Btu/pseBA-. - °F) x 0.075
bsPA/ft? X 60 min./h

= 1.08 Btu min./h ft.3 °F

Hs = 1.08 (Btu min./h ft.3 °F) x CFM
(ft.3/min.) x AT (°F)

Hs = 1.08 x CFM x AT

3. Latent heat equation:

He =m X Ly X AWgRr

Lv = 1060 Btu/tbsH.© x 0.075
Ibs.DA/ft.3 x 60 min./h x 1.0
s1H.6/7,000 Gr.H,0

= 0.68 Btu Ibs.DA min./hft.3 Gr.H,0

H, = 0.68 (Btu Ibs.DA min./hft.3 Gr.H,0)
x CFM (ft.3/min.) X AWgg
(Gr.H,O/lbs.DA)

He = 0.68 x CFM X AWgRr

4. Total heat equation:
Hy =m X Ah

Factor = 0.075 Ibs.DA/ft.3 x 60 min./h = 4.5
Ibs.DA min./hft.3

Hrt = 4.5 (Ibs.DA min./hft.3) x CFM
(ft.3/min.) x Ah (Btu/Ibs.DA)

Ht = 4.5 x CFM x Ah

3.02. Waterside System Equations and Derivations

A. Equations



H=7500x GPM x AT

GPMpy,p = %
GPM p = %
H = total heat (Btu/h)
GPM = water flow rate (gallons per minute)
AT = temperature difference (°F)
TONS = air conditioning load (tons)
GPMEgyap. = evaporator water flow rate (gallons
per minute)
GPMconp. = condenser water flow rate (gallons
per minute)
Cw = specific heat of water (1.0

Btu/lbs.H50)

B. Derivations

1. Standard water conditions:
a. Temperature: 60°F

b. Pressure: 14.7 psia (sea level)
c. Density: 62.4 Ibs./ft.3

2. Water equation

H =m X Cy X AT

Cw = 1.0 BtuAbH:0 °F X 62.4 s H O/
x 1.0 §/7.48052 gal. x 60 min./h

= 500 Btu min./h °F gal.

H = 500 Btu min./h °F gal. x GPM
(gal./min.) x AT (°F)

H = 500 x GPM x AT

3. Evaporator equation:



GPMgyap = H/(500 x AT)
Factor = 12,000-Bta/h/1.0 tons + 500 Bt min./k °F gal.
= 24°F gal./tons min.

GPMEgyap = tons (tons) x 24 (°F gal./tons
min.)/AT (°F)

GPMgyap = tons X 24/AT

4. Condenser equation:

GPMconDp = 1.25 X GPMgyap = 1.25 X tons X
24/AT
GPMconDp = tons x 30/AT

3.03. Air Change Rate Equations

AC _ CEM =60
HR ~ VOLUME

AC

—x VOLUME
cEM=AR
AC/H = air change rate per hour
CFM = air flow rate (cubic feet per minute)
VOLUME = space volume (cubic feet)

3.04. English/Metric Airside System Equations Comparison

A. Sensible Heat Equations

Btu min. _
H_h =1.08 M—-‘CF‘XC‘F‘AIX.ﬁT
_ kI min. .
H."-.-'LI =72.432 m »x CMM = .-f‘.r_”

B. Latent Heat Equations



0,68 Btu min. Lb DA

=0. - CEM x AW
' hr. ft* Gr H,0 . .

H,

348 kI min. kg DA

Huy=177.734 hr. m*kg H,O

C. Total Heat Equations

_ b min.

H'I' =45 hr"_j‘-f'ﬁ x CFJ.HL‘I x .ﬁ.lr'l

kg min.  ovivxan,

H. . =72.09
™ hr. m?

r=Hs+ H;

Hpyw=Hgq+ Hiy

AWy

Ah
Ahy
CFM

CMM

= sensible heat (Btu/h)

= sensible heat (kJ/h)

= |latent heat (Btu/h)

= latent heat (kJ/h)

= total heat (Btu/h)

= total heat (kJ/h)

= temperature difference (°F)
= temperature difference (°C)

= humidity ratio difference
(Gr.H>O/Ibs.DA)

= humidity ratio difference
(kg.H>0O/kg.DA)

= enthalpy difference (Btu/lbs.DA)
= enthalpy difference (kJ/Ibs.DA)
= air flow rate (cubic feet per minute)

= air flow rate (cubic meters per
minute)



3.05. English/Metric Waterside System Equation Comparison

Btu min.

=500 WK GPM =< AT
_ k] min.
H__“ = EJG.S h‘f"_ [,;f'ers CC b LP:L':E 4 ﬂ.'r_”
H = total heat (Btu/h)
Hm = total heat (kJ/h)
AT = temperature difference (°F)
ATy = temperature difference (°C)
GPM = water flow rate (gallons per minute)
LPM = water flow rate (liters per minute)

3.06. English/Metric Air Change Rate Equation Comparison

Hin.
AC B CF:Lf = 6l T

HR  VOLUME

Ac CMMx60 %
HR,,~ VOLUME,,

AC/H = air change rate per hour - English
AC/Hp = air change rate per hour - Metric
AC/H = AC/Hpy

VOLUME = space volume (cubic feet)
VOLUMEy = space volume (cubic meters)

CFM = air flow rate (cubic feet per minute)
CMM = air flow rate (cubic meters per

minute)

3.07. English/Metric Temperature and Other Conversions



"F=1.8°C + 32

s

°F = degrees Fahrenheit

°C = degrees Celsius

k)/h = Btu/h x 1.055

CMM = CFM x 0.02832

LPM = GPM x 3.785

k)/kg = Btu/lbs. x 2.326

meters = ft. x 0.3048

sqg. meters = sq. ft. x 0.0929

Ccu. meters = cu. ft. x 0.02832

kg = |bs. x 0.4536

1.0 GPM = 500 Ibs. steam/h

1.0 lbs. stm./h = 0.002 GPM

1.0 Ibs. H,O/h = 1.0 Ibs. steam/h

kg/cu. meter = Ibs./cu. ft. X 16.017 (Density)

cu. meters/kg = cu. ft./Ibs. x 0.0624 (Specific
Volume)

kg H,O/kg DA = Gr.H,0/lbs.DA/7,000 =

lbs.H,0O/Ibs.DA

3.08. Steam and Condensate Equations

A. General



BTU/HR _BTU/HR

LBS.STM./ HR===p v/
EDR
LBS.STM.COND./ HR=——
BTU /HR
EDR=""7 10
LBS.STM.COND./ HR=SFPM>500x lff GR.xC, xAT
FG
CEM x60x DX C X AT
LBS.STM.COND./ HR=——" ; xC, X
Fis

B. Approximating Condensate Loads

GPM(WATER) =< AT
LBS.STM.COND./ HR= ( > )
LBS.STM.COND./ HR= cPM (FUEi OIL)xAT
CFM(AIR)x AT
LBS.STM.COND./ HR= (AIR)
900
stm. = steam
GPM = quantity of liquid (gallons per
minute)
CFM = quantity of gas or air (cubic feet per
minute)
SP.GR. = specific gravity
D = density (Ibs./cubic feet)
Ca = specific heat of air (0.24 Btu/Ibs.)
Cw = specific heat of water (1.00
Btu/lbs.)
Heg = |atent heat of steam (Btu/Ibs.) at
steam design pressure (ASHRAE
Fundamentals)
AT = final temperature minus initial

temperature

EDR = equivalent direct radiation



3.09. Building Envelope Heating Equation and R-Values/U-Values

H=UxAxAT
R—i—ixﬂ ickness (in.)
= C_ K NCKHESS 111,
1
R=sx
H = heat flow (Btu/h)
AT = temperature difference (°F)
A = area (sq.ft.)
U = U-Value (Btu./h sq.ft. °F): See Part
35 for definitions.
R = R-Value (h sq.ft. °F/Btu.): See Part
35 for definitions.
C = conductance (Btu./h sq.ft. °F): See
Part 35 for definitions.
K = conductivity (Btu. in./h sq.ft. °F):
See Part 35 for definitions.
2R = sum of the individual R-Values

3.10. Fan Laws

CFM, _RPM,
CFM, ~ RPM

1
SP, [CFM,]* [RPM,T]’
SP ~|CEM, | ~| RPM,

BHP, [CFM,T _[RPM,] _[SR,]"
BHP, |CFM, | — | RPM, | ~| SP,
CFM x SPx SP.GR.
6356 % FAN ;13
BHP
MHP=5r75—

EFF.

BHP=



CFM

RPM

SP

BHP

Fan Size
Air Density
SP.GR.(Air)
FANErr
M/Derr

M/D

3.11. Pump Laws

GPM, RPM,
GPM,  RPM,

HD, [GPM,]" [RPM,T’
HD, ~| GPM, | ~| RPM,

BHP, _[GPMET_{RPMET_[HDE]”

BHP, | GPM, | | RPM, | =| HD,
BHP =350 PUNIE,,

MHP= %

VH = EE

HD Px2.31

~ SP.GR.

= cubic feet/minute

= revolutions/minute

= static pressure, in. W.G.
= brake horsepower

= constant

= constant

=1.0

= 65-85%

= 80-95%

motor/drive



GPM = gallons/minute

RPM = revolutions/minute

HD = head in ft. H,O

BHP = brake horsepower

Pump Size = constant

Water Density = constant

SP.GR. = specific gravity of liquid with
respect to water

SP.GR.(Water) =1.0

PUMPEge = 60-80%

M/Dgrr = 85-95%

M/D = motor/drive

P = pressure (psi)

VH = velocity head in ft. H,O

\ = velocity (ft./sec.)

g = acceleration due to gravity (32.16
ft./sec.?)

3.12. Pump Net Positive Suction Head (NPSH) Calculations

NPSHAVA“_ > NPSHREQ'D



NPSHavaIL

NPSHavaiL

NPSHReqD

Ha

= Ha £ Hs - Hg - Hyp

= net positive suction available at
pump (feet)

= net positive suction required at
pump (feet)

= pressure at liquid surface (feet - 34
feet for water at atmospheric
pressure)

= height of liquid surface above (+) or
below (-) pump (feet)

= friction loss between pump and
source (feet)

= absolute pressure of water vapor at
liquid temperature (feet - ASHRAE
Fundamentals)

Note: Calculations may also be performed in psig, provided that all values are

in psig.

3.13. Mixed Air Temperature

CFMy, ) CFMg, )

Ty = [‘Tremm XTMH J,|+[T”"" . CEM g, J

.-. C F;'IL’:! 4 CF J?IVI 4
Tha [ Ty % WJ +(I"J“1 ) CFMy,



CFMga = supply air CFM

CFMga = return air CFM

CFMon = outside air CFM

Tua = mixed air temperature (°F)
TrooM = room design temperature (°F)
Tan = return air temperature (°F)
Toa = outside air temperature (°F)

3.14. Psychrometric Equations

P.
— 2 by | W
W = 0.622x P—D,
RH = Wicrva «100%
Wear

P
RH = p“ % 100%
SAT

Hj:;: = Cp X AT
H =L xmxAW
H,=m x Ah

W= (2501-2.381 'I.v'a;m!"'rs.-t':' n'nj'_ [T;r_wa - Th'ﬂj
N {25D1+1.BD5T]..JJ.}—4.186 T.I,,-HJ

_ (1093—0.556 Ty (W ) —(0.240)(T;pp — T )

W _
(1093+0.444 T, T,.5)

w = specific humidity, Ibs.H>,O/Ibs.DA or
Gr.H,O/Ibs.DA

WacTuAL = actual specific humidity,
Ibs.H>O/lbs.DA or Gr.H,O/Ibs.DA

Wsat = saturation specific humidity at the
dry bulb temperature

WsaT ws = saturation specific humidity at the
wet bulb temperature



Psat

Cp

3.15

. Ductwork Equations

= partial pressure of water vapor,
Ibs./sq.ft.

= total absolute pressure of air/water
vapor mixture, |bs./sq.ft.

= saturation partial pressure of water
vapor at the dry bulb temperature,
Ibs./sq.ft.

= relative humidity, %
= sensible heat, Btu/h
= |latent heat, Btu/h

= total heat, Btu/h

= mass flow rate, Ibs.DA/h or
Ibs.H,0O/h

= specific heat, Air—0.24 Btu/lbs.DA,
Water—1.0 Btu/lbs.H,0O

= dry bulb temperature, °F
= wet bulb temperature, °F
= temperature difference, °F

= specific humidity difference,
Ibs.H,O/Ibs.DA or Gr.H,O/Ibs.DA

= enthalpy difference, Btu/lbs.DA

= latent heat of vaporization,
Btu/Ibs.H,O



TP=5P+ VP

v T vy
VP=|——| = _
[mﬂn} (4005)?

yoQ_Qxiu
- A WxH
D - 1.3x(AxB)"
EQ— (..-‘11 +BJ:].35
TP = total pressure
SP = static pressure, friction losses
VP = velocity pressure, dynamic losses
Vv = velocity, ft./min.
Q = air flow rate through duct, CFM
A = area of duct, sq.ft.
w = width of duct, in.
H = height of duct, in.
Deq = equivalent round duct size for
rectangular duct, in.
A = one dimension of rectangular duct,
in.
B = adjacent side of rectangular duct,
in.

3.16. Equations for Flat Oval Ductwork



FLAT SPAN |

MINOR AXIS
MAJOR AXIS
FS= MAJOR — MINOR
(FSx MINOR)+ %> JH*T” OR%)
A= 144
(> MINOR)+(2x FS)
P=
12
1.55x (A)**
DEQ = (P)°5
FS = flat span dimension in inches
MAJOR = major axis dimension in inches
(larger dimension)
MINOR = minor axis dimension in inches
(smaller dimension)
A = cross-sectional area in square feet
P = perimeter or surface area in square
feet per lineal feet
Deq = equivalent round duct diameter

3.17. Steel Pipe Equations



A = 0.785 x ID?

Wp =10.6802 x Tx (OD-T)

Wy = 0.3405 x /D?

OSA = 0.2618 x OD

/SA = 0.2618 x /D

An = 0.785 x (OD? - ID?)

A = cross sectional area (sqg.in.)

Wp = weight of pipe per foot (Ibs.)

Ww = weight of water per foot (lbs.)

T = pipe wall thickness (in.)

ID = inside diameter (in.)

oD = outside diameter (in.)

OSA = outside surface area per foot (sq.ft.)
ISA = inside surface area per foot (sq.ft.)
Am = area of the metal (sqg.in.)

3.18. Steam and Steam Condensate Pipe Sizing Equations

A. Steam Pipe Sizing Equations

(0.01306)x W+ .l 20
. 6)x W x| 1+75

AP = X DXID®
I ;
w=sox | apxﬂxm’% §

W= 0.41667 X V X Apycpes X D= 60 X VX Apggr X D

_24xW W
~ Apcyps XD 60X Apppr XD

L."



AP

\Y

A\NCHES

AFEeT

= pressure drop per 100 ft. of pipe,
psig/100 ft.

= steam flow rate, Ibs./h
= actual inside diameter of pipe, in.

= average density of steam at system
pressure, |bs./cu.ft.

= velocity of steam in pipe, ft./min.

= actual cross-sectional area of pipe,
sq.in.

= actual cross-sectional area of pipe,
sq.ft.

B. Steam Condensate Pipe Sizing Equations

H, -H
B=—g—

_Bs
CR— 100

W,

FS

Hsss

Hscr

Hicr

= flash steam, percentage %

= sensible heat at steam supply
pressure, Btu/lbs.

= sensible heat at condensate return
pressure, Btu/Ibs.

= |latent heat at condensate return
pressure, Btu/lbs.

= steam flow rate, Ibs./h

= condensate flow based on
percentage of flash steam created
during condensing process, Ibs./h.
Use this flow rate in the preceding
steam equations to determine the
condensate return pipe size.



3.19. Air Conditioning Condensate

_ CEMx AW,
7T §pVx 8.33

GPM AC CONT

CFM x AW,,
SpV = 8.33x 7000

GPM ;¢ conp =

GPMac conp = air conditioning condensate flow
(gal./min.)

CFM = air flow rate (cu.ft./min.)

SpV = specific volume of air (cu.ft./Ibs.DA)

= 13.33 ft3/Ibs. DA at 60°F
AW, g = specific humidity (lbs.H>0/lbs.DA)

AWgGR. = specific humidity (Gr.H>,O/Ibs.DA)

3.20. Humidification

Wi
spV

W )
GRAINSppp = [;ﬂ (

- Sp 1 JRU[“".-H AIR .L[-‘.!‘-'F!.‘.-' AIR

W, W
POUNDS,, :(AJ _( r..l::;}
TPV ) voom am VPV oy are

LBS.STM./HR= -

= CFM X POUNDS 1, X 60

7000
GRAINSReq D = grains of moisture required
(Gr.H>O/cu.ft.)
POUNDSReq D = pounds of moisture required
(Ibs.H,0O/cu.ft.)
CFM = air flow rate (cu.ft./min.)
SpV = specific volume of air (cu.ft./Ibs.DA)
Wk, = specific humidity (Gr.H,O/Ibs.DA)

W B = specific humidity (lbs.H,O/Ibs.DA)



3.21. Humidifier Sensible Heat Gain

H.=(0.244 x Q x AT) + (L x 380)

Hs = sensible heat gain (Btu/h)
Q = steam flow (Ibs. steam/h)
AT = steam temperature - supply air

temperature (°F)

L = length of humidifier manifold (ft.)

3.22. Expansion Tanks

)

5_5
R P

\
OPEN V, =2x {[ V, x Hf— }— 1} - 30:-5.?}
)

“—?J— 1}— 3GAT

v

CLOSED V=V x

DIAPHRAGM V, =V, H

V1 = volume of expansion tank (gallons)

Vs = volume of water in piping system (gallons)
AT =T, - Ty (°F)

T, = |lower system temperature (°F)

Heating Water T, = 45-50°F
temperature at fill
condition

Chilled Water T, = supply water
temperature

Dual Temperature T, = chilled water

ciinnhs tamnaratiira



Vi

V7

System Volume Estimate:

JUHHly L\,IIIV\,IULUI A

= higher system temperature (°F)

Heating Water T, = supply water
temperature
Chilled Water T, = 95°F ambient

temperature (design
weather data)

Dual Temperature T, = heating water
supply temperature

= atmospheric pressure (14.7 psia)

= system fill pressure/minimum system pressure
(psia)

= system operating pressure/maximum operating
pressure (psia)

= SpV of H,O at T; (cu.ft./Ibs.H>,O) ASHRAE
Fundamentals

= SpV of H,O at T, (cu.ft./Ibs.H,O) ASHRAE
Fundamentals

= linear coefficient of expansion
OSTEE = 6.5 X 10_6

Ocopper = 9.5 X 10_6

12 gal./ton

35 gal./BHP

System Fill Pressure/Minimum System Pressure Estimate:

Height of System + 5 to 10 psi OR 5-10 psi,
whichever is greater.

System Operating Pressure/Maximum Operating Pressure Estimate:

150 Ibs. Systems 45-125 psi

250 Ibs. Systems 125-225 psi



3.23. Air Balance Equations

SA = Supply Air

RA = Return Air

OA = Qutside Air

EA = Exhaust Air

RFA = Relief Air

SA = RA + OA = RA + EA + RFA

If minimum OA (ventilation air) is greater than EA, then
OA = EA + RFA

If EA is greater than minimum OA (ventilation air), then
OA = EA RFA =0

For Economizer Cycle:

OA = SA = EA + RFA RA=0

3.24. Efficiencies

BTU OUTPUT  EER

COP=—pr INPUT — 3413

. BTU OUTPUT _
EER= g rprer = COP X 3.413

12,000 BTU/HRTON

KWHION= COPx3,517BUT/HR KW

Turndown Ratio = Maximum Firing Rate: Minimum Firing Rate (e.g., 5:1, 10:1, 25:1)

GROSS BTU OUTPUT
OVERALL THERMAL EFF.= CROSS BTU INPUT % 100%

. ... _ BTUINPUT-BTU STACK LOSS
COMBUSTION EFF.= BTU INPUT % 100%

Overall Thermal Efficiency Range  75-90%
Combustion Efficiency Range  85-95%



3.25. Cooling Towers and Heat Exchangers
APPROACHcrs = LWT - AWB

APPROACHWg's = EWTys - LWTcs

RANGE = EWT - LWT

EWT = entering water temperature (°F)
LWT = |eaving water temperature (°F)
AWB = ambient wet bulb temperature

(Design WB - °F)
HS = hot side

CS = cold side

3.26. Cooling Tower/Evaporative Cooler Blowdown Equations

_(E+D+B)
~ (D+B)
B E—[{L:—l}xD]
(C-1)
E = GPMconp. X R x 0.0008
D = GPMconp, X 0.0002
R = EWT- LWT
B = blowdown, GPM
C = cycles of concentration
D = drift, GPM
E = evaporation, GPM
EWT = entering water temperature, °F
LWT = |leaving water temperature, °F

R = range, °F



3.27. Electricity

A. General

KVA

PF

B. Single-Phase Power

 VxAxPF
KW =000
VA
KVA,,=To00
V x Ax PFx DEVICE,.,..
BHP,, = e EFF,
MH _BHR,
1 " M/ Dy

C. Three-Phase Power

. BXVxAxPF
KWoy = 1000

J3IxVxA

F —
Ki A3¢ ~ 1000

3%V x Ax PFx DEVICE .

BHE, = 746

MHP, —BH%“
1 7 M/ Dy,

= KW+ KVAR

= KW/KVA



KVA

KW

KVAR

PF
BHP
MHP
EFF

M/D

= total power (kilovolt amps)

= real power, electrical energy
(kilowatts)

= reactive power or "imaginary"
power (kilovolt amps reactive)

= voltage (volts)

= current (amps)

= power factor (0.75-0.95)
= brake horsepower

= motor horsepower

= efficiency

= motor drive

3.28. Moisture Condensation on Glass

Ta‘:r..a.a:s = T!'-! ooM —

Tc;;__.m = T!'-! ooM

R

% % (Tpoon — Toa)

GLASS

U-
GLASS
X(Tpoone — Tou)

T
['I IA

If Teyy 4ss < DPyopy condensation occurs

T

DP

= temperature (°F)

= R-Value (h sq.ft. °F/Btu)

= U-Value (Btu./h sq.ft. °F)

= inside airfilm

= design outside air temperature

= dewpoint

3.29. Calculating Heating Loads for Loading Docks, Heavily Used

Vestibules and Similar Spaces



Find volume of space to be heated (cu.ft.).
Determine acceptable warm-up time for space (min.).
Divide volume by time (CFM).

Determine inside and outside designh temperatures—assume inside
space temperature has dropped to the outside design temperature
because doors have been open for an extended period of time.

Use sensible heat equation to determine heating requirement using
CFM and inside and outside desigh temperatures determined earlier
in this Part.

3.30. Ventilation of Mechanical Rooms with Refrigeration

Equipment

A.

For a more detailed description of ventilation requirements for
mechanical rooms with refrigeration equipment, see ASHRAE
Standard 15 and Part 8.

. Completely Enclosed Equipment Rooms

CFM =100 x G95>

CFM = exhaust air flow rate required
(cu.ft./minute)

G = mass of refrigerant of largest
system (pounds)

C. Partially Enclosed Equipment Rooms

FA = G0

FA = ventilation free opening Area
(sq.ft.)

G = mass of refrigerant of largest

system (pounds)

3.31. Pipe Expansion Equations



A. L-Bends

|

LONG LEG

]

ANCHOR GUIDE

GUIDE ||

B. Z-Bends

ANCHOR ‘

il

[—

-
L_’i

ANCHOR

L

)

GUIDE

SHORT LEG

= 6.225 X JAD
= 500 LB./PIPE DIA. x PIPE DIA.

= |length of leg required to
accommodate thermal expansion or
contraction, feet

= thermal expansion or contraction of
long leg, inches

= pipe outside diameter, inches

= force exerted by pipe expansion or
contraction on anchors and supports,
Ibs. See Tables in Part 18 for solved
equations.

GUIDE ANCHOR

ki

Fas

|

|1

ANCHOR TO ANCHOR EXPANSION



L =4 X JAD
F = 200 - 500 LB./PIPE DIA. x PIPE DIA.

L = length of offset leg required to
accommodate thermal expansion or
contraction, feet

A = anchor to anchor expansion or
contraction, inches

D = pipe outside diameter, inches

F = force exerted by pipe expansion or
contraction on anchors and supports,
Ibs. See Tables in Part 18 for solved

equations.
C. U-Bends or Expansion Loops
W
H
ANCHOR GUIDE GUIDE ANCHOR
L 2H l 2H L
1 | q
4 7

ANCHOR TO ANCHOR EXPANSION



= 6.225 X JAD

= 200 LB./PIPE DIA. x PIPE DIA.
=2H+ W

=2Ww

=5W

= length of loop required to
accommodate thermal expansion or
contraction, ft.

= anchor to anchor expansion or
contraction, in.

= pipe outside diameter, in.

= force exerted by pipe expansion or
contraction on anchors and supports,
Ibs.

3.32. Relief Valve Vent Line Maximum Length

L

_9xPIxD’ 9xPixD’?

P1

3.33. Relief Valve Sizing

= 0.25X%[(PRESSURE SETTING
x1.1)+14.7]

= [(PRESSURE SETTING x1.1)+14.7]

= maximum length of relief vent line
in feet

= inside diameter of pipe in inches

= minimum discharge of air in
Ibs./min.

A. Liquid System Relief Valves—Spring-Style Relief Valves



GPM x+/G
28.14x K, x K, % /AP

B. Liquid System Relief Valves—Pilot-Operated Relief Valves

GPM x+/G
36.81 % K, xJAP

C. Steam System Relief Valves

1#?
515X KX Px Ky x Ky < Kj

A=

D. Gas and Vapor System Relief Valves—Ibs./h

3 W xJTZ
T CxKxPxKyxJM

E. Gas and Vapor System Relief Valves—SCFM

_ SCFMxTGZ
T 1L175xCx KxPxK,

F. Relief Valve Equation Definitions

1. A = Minimum required effective relief
valve discharge area (sqg.in.)

2. GPM = Required relieving capacity at flow
conditions (gal./min.)

3. W = Required relieving capacity at flow
conditions (Ibs./h)

4. SCFM = Required relieving capacity at flow
conditions (standard cu.ft./min.)

5.G = Specific gravity of liquid, gas, or
vapor at flow conditions
Water = 1.0 for most HVAC
applications
Air =1.0

6. C = Coefficient determined from
expression of ratio of specific heats
C = 315 if value is unknown

-7 [ Vg ~cCc_ 12 . _ _ ' 2 € 0 -



/. K = EITecuve Coerricient or aiscnarge
K=0.975

8. Kg = Capacity correction factor due to
back pressure
Kg = 1.0 for atmospheric discharge
systems

9. Ky = Flow correction factor due to
viscosity
Ky = 0.9 to 1.0 for most HVAC
applications with water

10. Ky = Capacity correction factor for dry
saturated steam at set pressures
above 1500 psia and up to 3200 psia
Ky = 1.0 for most HVAC applications

11. Ksy = Capacity correction factor due to
the degree of superheat
Ksy = 1.0 for saturated steam

12. 7 = Compressibility factor
Z = 1.0 if value is unknown

13.P = Relieving pressure (psia)
P = Set pressure (psig) + over
pressure (10% psig) + atmospheric
pressure (14.7 psia)

14. AP = Differential pressure (psig)
AP = Set pressure (psig) + over
pressure (10% psig) - back pressure

(psig)

15. T = Absolute temperature (°R = °F +
460)

16. M = Molecular weight of the gas or
vapor

G. Relief Valve Sizing Notes

1. When multiple relief valves are used, one valve shall be set at or below the
maximum allowable working pressure, and the remaining valves may be set up



to 5 percent over the maximum allowable working pressure.

2. When sizing multiple relief valves, the total area required is calculated on an
over pressure of 16 percent or 4 psi, whichever is greater.

3. For superheated steam, the following correction factor values may be used:

a. Superheat up to 0.97 (range 0.979-0.998)
400°F:

b. Superheat up to 0.95 (range 0.957-0.977)
450°F:

C. Superheat up to 0.93 (range 0.930-0.968)
500°F:

d. Superheat up to 0.90 (range 0.905-0.974)
550°F:

e. Superheat up to 0.88 (range 0.882-0.993)
600°F:

f. Superheat up to 0.86 (range 0.861-0.988)
650°F:

g. Superheat up to 0.84 (range 0.841-0.963)
700°F:

h. Superheat up to 0.82 (range 0.823-0.903)
750°F:

i Superheat up to 0.80 (range 0.805-0.863)
800°F:

j- Superheat up to 0.78 (range 0.786-0.836)
850°F:

k. Superheat up to 0.75 (range 0.753-0.813)
900°F:

|. Superheat up to 0.72 (range 0.726-0.792)
950°F:

m. Superheat up to 0.70 (range 0.704-0.774)
1000°F:

4. Gas and vapor properties:



Gas and vapor properties

Ratio of . .
Gas or Molecular . Coefficient Specific
. Specific .
Vapor Weight C Gravity
Heats
Acetylene 26.04 1.25 342 0.899
Air 28.97 1.40 356 1.000
Ammonia (R- 17.03 1.30 347 0.588
717)
Argon 39.94 1.66 377 1.379
Benzene 78.11 1.12 329 2.696
N-Butane 58.12 1.18 335 2.006
Iso-Butane 58.12 1.19 336 2.006
Carbon 44.01 1.29 346 1.519
Dioxide
Carbon 76.13 1.21 338 2.628
Disulphide
Carbon 28.01 1.40 356 0.967
Monoxide
Chlorine 70.90 1.35 352 2.447
Cyclohexane 84.16 1.08 325 2.905
Ethane 30.07 1.19 336 1.038
Ethyl Alcohol = 46.07 1.13 330 1.590
Ethyl 64.52 1.19 336 2.227
Chloride
Ethylene 28.03 1.24 341 0.968
Helium 4.02 1.66 377 0.139
N-Heptane 100.20 1.05 321 3.459
Hexane 86.17 1.06 322 2.974
Hydrochloric 36.47 1.41 357 1.259

Acid



Hy 3358

HydVegor
Chloride

Hydrogen
Sulphide

Methane

Methyl
Alcohol

Methyl
Butane

Methyl
Chloride

Natural Gas
Nitric Oxide
Nitrogen
Nitrous Oxide
N-Octane
Oxygen
N-Pentane
Iso-Pentane
Propane
R-11

R-12

R-22

R-114
R-123
R-134a

Sulfur
Dioxide

2lgl%lecular

36.Weight

34.08

16.04

32.04

72.15

50.49

19.00
30.00
28.02
44.02
114.22
32.00
72.15
72.15
44.09
137.37
120.92
86.48
170.93
152.93
102.03

64.04

1.QRatio of

1 4Specific
' ]I-Ieats

1.32

1.31

1.20
1.08
1.20

1.27
1.40
1.40
1.31
1.05
1.40
1.08
1.08
1.13
1.14
1.14
1.18
1.09
1.10
1.20

1.27

3é(Zefficient
357 C

349

348

337
325
337

344
356
356
348
321
356
325
325
330
331
331
335
326
327
337

344

O'(ggecific

1.26gavity
1.176

0.554

1.106
2.491
1.743

0.656
1.036
0.967
1.520
3.943
1.105
2.491
2.491
1.522
4.742
4.174
2.985
5.900
5.279
3.522

2.211



Toluene 92.13 1.0'? . 326 3.180
atio of . .
Gas or Molecular Coefficient Snecific

3.34. Motor Drive Formulas

Drp X RPMgp = Dyp X RPMyp

BL = [(DFP+ DMP) X 1.5708] + (2 x L)

Dep = fan pulley diameter

Dwmp = motor pulley diameter

RPMgp = fan pulley RPM

RPMmp = motor pulley RPM

BL = belt length

L = center to center distance of fan and

motor pulleys

3.35. Domestic Water Heater Sizing

Hf}trll]ljtrll- =GPH %834 LBS./GAL. xAT = 1.0

I _ GPH x8.34 LBS./ GAL.x AT
INpUT = % EFFICIENCY

cpry — Hupor X %EFFICIENCY _ KW x 3413 BTU / KW
T T AT <834 LBS./GAL. AT x834 LBS./GAL.

7 Hispur X %EFFICIENCY _ KW %3413 BTU/ KW
= GPH x834 LBS./GAL. ~ GPHx8.34 LBS./ GAL,

GPH x8.34 LBS./ GAL.x AT x 1.0

KW= 3413 BTU/KW

Tysor— Toune
%COLD WATER = ——HOL—__MIX
TIJ'I.'I"I' - T{JUI.J‘J

% HOT WATER = T.-"-HX B TL'( LD
f T”U]" —Acaoln



HoutpuT = heating capacity - output
Hinput = heating capacity - input

GPH = recovery rate - gallons per hour
AT = temperature rise - °F

kW = kilowatts

Tcowp = temperature - cold water - °F
Thot = temperature - hot water - °F
Twmix = temperature - mixed water - °F

3.36. Domestic Hot Water Recirculation Pump/Supply Sizing

A.

Determine the approximate total length of all hot water supply and
return piping.

. Multiply this total length by 30 Btu/ft. for insulated pipe and 60 Btu/ft.

for uninsulated pipe to obtain the approximate heat loss.

Divide the total heat loss by 10,000 to obtain the total pump capacity
in GPM.

Select a circulating pump to provide the total required GPM and
obtain the head created at this flow.

Multiply the head by 100 and divide by the total length of the longest
run of the hot water return piping to determine the allowable friction
loss per 100 feet of pipe.

Determine the required GPM in each circulating loop and size the hot
water return pipe based on this GPM and the allowable friction loss as
determined earlier.

.37. Swimming Pools

. Sizing Outdoor Pool Heater

Determine pool capacity in gallons - obtain from architect if available.



Length x Width x Depth x 7.5 gal./cu.ft. (If depth is not known, assume an
average depth of 5.5 feet.)

2. Determine heat pick-up time in hours from owner.

3. Determine pool water temperature in °F from the owner. If owner does not
specify temperature, assume 80°F.

4. Determine the average air temperature on the coldest month in which the pool
will be used.

5. Determine the average wind velocity in miles per hour. For pools less than 900
square feet and where the pool is sheltered by nearby buildings, fences,
shrubs, etc., from the prevailing wind, an average wind velocity of less than
3.5 mph may be assumed. The surface heat loss factor of 5.5 Btuh/sq.ft. °F in
the following equation assumes a wind velocity of 3.5 mph. If a wind velocity of
less than 3.5 mph is used, multiply the equation by 0.75; for 5.0 mph, multiply
the equation by 1.25; and for 10 mph, multiply the equation by 2.0.

6. Pool heater equations:
HPUUI.H.E.:‘L]'F:’R = HJ‘H.’.-’['I'—L-'P + H_'-.L'RJ-}‘L(,'I.' LSS
o _ GAL.x8.34 LBS./GAL.x AT, 45 *1.0 BTU / LBS.°F
HEAT-UP = HEAT PICK-UP TIME

H meaceross = 3-5 BTU T HRSQ. FT.°F x AT,y rpp 4 X POOLAREA

"j"TI.f.-‘L TER — Tf—'f.\'.-‘t!. - T.’_-\."I TTAL

T[_-,h.-__ﬂ_ =POOL WATER TEMPERATURE
Tirriar =50°F

‘IjTh'.-‘L TER/ AIR — T!-'J'.\'.-‘LI. - r-11'£;'11-1f;£;.-ure

H = heating capacity (Btu/h)
AT = temperature difference (°F)
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ACCESS»LENngineering

Part 4: Conversion Factors

4. Part 4: Conversion Factors

4.01. Length

1 mile = 1760 yds. = 5280 ft. = 63,360 in. =
1.609 km

1 ft. = 0.3048 m = 30.48 cm = 304.8 mm

1in. =254 cm = 254 mm

lcm = 0.3937 in.

1m = 39.37 in. = 3.2808 ft. = 1.094 yds.

1 km = 3281 ft. = 0.6214 miles = 1094
yds.

1 fathom = 6 feet = 1.828804 meters

1 furlong = 660 feet

4.02. Weight


https://accessengineeringlibrary.com:443/
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1 gal.H;0 = 8.33 Ibs.H;0

1 1b. = 16 0z. = 7000 grains = 0.4536 kg
1 ton = 2000 Ibs. = 907 kg
1 kg = 2.205 Ibs.
1 Ib.steam =1 1b.H,0
4.03. Area
1 sq.ft. = 144 sq.in.
1 acre = 43,560 sq.ft. = 4840 sq.yds. =
0.4047 hectares
1 sg.mile = 640 acres
1 sq.yd. = 9 sq.ft. = 1296 sq.in.
1 hectare = 2.417 acres
1 sg.m = 1,550 sq.in. = 10.7639 sq.ft. =

1.1968 sq.yds.

4.04. Volume



1 cu.yd. = 27 cu.ft. = 46,656 cu.in. = 1616
pints = 807.9 quarts = 764.6 liters

1 cu.ft. = 1,728 cu.in.

1 liter = 0.2642 gallons = 1.057 quarts =
2.113 pints

1 gallon = 4 quarts = 8 pints = 3.785 liters

1 cum = 61,023 cu.in. = 35.3134 cu.ft. =

1.3093 cu.yds.

1 barrel oil = 42 gallons oil

1 barrel beer = 31.5 gallons beer

1 barrel wine = 31.0 gallons wine

1 bushel = 1.2445 cu.ft. = 32 quarts (dry) = 64

pints (dry) = 4 pecks

1 hogshead = 63 gallons = 8.42184 cu.ft.

4.05. Velocity

1 mph = 5280 ft./h = 88 ft./min. = 1.467
ft./sec. = 0.8684 knot

1 knot = 1.1515 mph = 1.8532 km/hr. = 1.0
nautical mile/h

1 league = 3.0 miles (approx.)

4.06. Speed of Sound in Air

1128.5 ft./sec. = 769.4 mph

4.07. Pressure



14.7 psi

1 psi

1 ft. H,O

1oz

4.08. Density

A. Water

62.43 Ibs./cu.ft.

1 cu.ft.

B. Standard Air @ 60°F, 14.7 psi

13.329 cu.ft./Ibs.
1 Ib./cu.ft.
1 cu.ft./Ib.
1 kg/cu.m

1 cu.m/kg

4.09. Energy

1 hp

1 kW

1 watt

1 ton AC

= 33.95 ft. H,O = 29.92 in. Hg =
407.2 in. W.G. = 2116.8 Ibs./sq.ft.

= 2.307 ft. H,O = 2.036 in. Hg = 16
oz = 27.7 in. WC

= 0.4335 psi = 62.43 |bs./sq.ft.

=1.73 in. WC

= 8.33 Ibs./gal. = 0.1337 cu.ft./gal.

= 7.48052 gallons = 29.92 quarts =
62.43 Ibs.H,0

= 0.0750 Ibs./cu.ft.
= 177.72 cu.ft./Ib.
= 0.00563 Ibs./cu.ft.
= 16.017 Ibs./cu.ft.

= 0.0624 cu.ft./Ib

= 0.746 kW = 746 watts = 2,545
Btuh. 1.0 kva

= 1,000 watts = 3413 Btuh = 1.341
hp
= 3.413 Btuh

= 12,000 Btuh cooling = 15,000 Btuh
heat reiection



1 Btuh

1 bhp

1 therm

1 mbh

1 Ib.stm/h
1 gpm

1 edr (equivalent direct radiation)

1,000 edr
1 edr hot water
1 edr steam

1 edr

1 edr

1 edr

1 edr

1 edr

4.10. Flow

1 mgd (million gal./day)

1 cu.ft./min.

= 1 Btu/h

= 34,500 Btuh (33,472 Btuh) = 34.5
Ibs.stm/h = 34.5 Ibs.H,O/h = 0.069

gpm = 4.14 gph = 140 edr (sq.ft. of
equivalent direct radiation)

= 100,000 Btuh
= 1,000 Btuh
= 0.002 gpm
= 500 lbs.stm./h

= 0.000496 gpm = 0.25
Ibs.stm.cond./h

= 0.496 gpm
= 150 Btu/h
= 240 Btu/h

= 240 Btu/h (up to 1,000 ft. above
sea level)

= 230 Btu/h (1,000 ft.-3,000 ft. above
sea level)

= 223 Btu/h (3,000 ft. -5,000 ft.
above sea level)

= 216 Btu/h (5,000 ft.-7,000 ft. above
sea level)

= 209 Btu/h (7,000 ft.-10,000 ft.
above sea level)

= 1.547 cu.ft./sec. = 694.4 gpm

= 62.43 Ibs.H,O/min. = 448.8 gph



4.11. HVAC Metric Conversions

k)/h = Btu/h x 1.055

cmm = cfm x 0.02832

lpm = gpm X 3.785

kj/kg = Btu/lb. x 2.326

meters = ft. x 0.3048

sg. meters = sq. ft. x 0.0929

cu. meters = cu. ft. x 0.02832

kg = Ibs. x 0.4536

1.0 gpm = 500 Ibs.steam/h

1.0 Ib.stm./h = 0.002 gpm

1.0 Ib.H>O/h = 1.0 Ib.steam/h

kg/cu.m = |bs./cu.ft. x 16.017 (density)
cu.m/kg = cu.ft./Ib. x 0.0624 (specific volume)

kg H,O/kg DA

Gr HyO/Ib. DA/7000 = Ib. H,O/Ib. DA

4.12. Fuel Conversion Factors

A. Electric Baseboard to Hydronic Baseboard
1. KWH x 1.19 = KWH for electric boiler

2. KWH x 0.033 = gal. for oil-fired boiler
3. KWH x 0.046 = therms for gas-fired boiler

B. Electric Furnace to Hydronic Baseboard
1. KWH x 1.0 = KWH for electric boiler

2. KWH x 0.028 = gal. for oil-fired boiler

3. KWH x 0.038 = therms for gas-fired boiler



C. Ceiling Cable to Hydronic Baseboard
1. KWH x 1.06 = KWH for electric boiler

2. KWH x 0.03 = gal. for oil-fired boiler
3. KWH x 0.041 = therms for gas-fired boiler

D. Heat Pump to Hydronic Baseboard
1. KWH x 1.88 = KWH for electric boiler

2. KWH x 0.052 = gal. for oil-fired boiler
3. KWH x 0.073 = therms for gas-fired boiler

E. Electric Baseboard to Warm Air Furnace
1. KWH x 1.19 = KWH for electric furnace

2. KWH x 0.039 = gal. for oil-fired furnace
3. KWH x 0.054 = therms for gas-fired furnace

F. Electric Furnace to Fuel-Fired Furnace
1. KWH x 0.032 = gal. for oil-fired furnace

2. KWH x 0.045 = therms for gas-fired furnace

G. Ceiling Cable to Warm Air Furnace
1. KWH x 1.06 = KWH for electric furnace

2. KWH x 0.034 = gal. for oil-fired furnace
3. KWH x 0.048 = therms for gas-fired furnace

H. Heat Pump to Warm Air Furnace
1. KWH x 1.88 = KWH for electric furnace

2. KWH x 0.061 = gal. for oil-fired furnace
3. KWH x 0.085 = therms for gas-fired furnace

. Warm Air Systems to Hydronic Baseboard System
1. gal. oil for W.A. x 0.857 = gal. for hydronics

2. therms gas for W.A. x 0.857 = therms for hydronics

3. gal. oil for W.A. x 1.2 = therms for hydronics



4. therms gas for W.A. X 0.612 = gal. for hydronics
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Part 5: Cooling Load Rules of Thumb

5. Part 5: Cooling Load Rules of Thumb

5.01. Offices, Commercial

A. General
1. Total Heat 300-400 sq.ft./ton (Range 230-520)
2. Total Heat 30-40 Btuh/sq.ft. (Range 23-52)
3. Room Sens. Heat 25-28 Btuh/sq.ft. (Range 19-37)
4. SHR 0.75-0.93
5. Perimeter Spaces 1.0-3.0 cfm/sq.ft.
6. Interior Spaces 0.5-1.5 cfm/sq.ft.
7. Building Block cfm 1.0-1.5 cfm/sq.ft.
8. Air Change Rate 4-10 AC/h

B. Large, Perimeter

1. Total Heat 225-275 sq.ft./ton

2. Total Heat 43-53 Btuh/sq.ft.

C. Large, Interior


https://accessengineeringlibrary.com:443/
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1. Total Heat

2. Total Heat

D. Small

1. Total Heat

2. Total Heat

300-350 sq.ft./ton

34-40 Btuh/sq.ft.

325-375 sq.ft./ton

32-37 Btuh/sq.ft.

5.02. Banks, Court Houses, Municipal Buildings, Town Halls

A. Total Heat

B. Total Heat

C. Room Sens. Heat
D. SHR

E. Air Change Rate

200-250 sq.ft./ton (Range 160-340)

48-60 Btuh/sq.ft. (Range 35-75)
28-38 Btuh/sq.ft. (Range 21-48)
0.75-0.90

4-10 AC/h

5.03. Police Stations, Fire Stations, Post Offices

A. Total Heat

B. Total Heat

C. Room Sens. Heat
D. SHR

E. Air Change Rate

250-350 sq.ft./ton (Range 200-400)

34-48 Btuh/sq.ft. (Range 30-60)
25-35 Btuh/sq.ft. (Range 20-40)
0.75-0.90

4-10 AC/h

5.04. Precision Manufacturing



A. Total Heat

B. Total Heat

C. Room Sens. Heat
D. SHR

E. Air Change Rate

5.05. Computer Rooms

A. Total Heat

B. Total Heat

C. Room Sens. Heat
D. SHR

E. Air Flow

F. Air Change Rate

5.06. Restaurants

A. Total Heat

B. Total Heat

C. Room Sens. Heat
D. SHR

E. Air Flow

F. Air Change Rate

50-300 sq.ft./ton
40-240 Btuh/sq.ft.
32-228 Btuh/sq.ft.
0.80-0.95

10-50 AC/h

50-150 sq.ft./ton
80-240 Btuh/sq.ft.
64-228 Btuh/sq.ft.
0.80-0.95

2.0-4.0 cfm/sq.ft.

15-20 AC/h

100-250 sq.ft./ton
48-120 Btuh/sq.ft.
21-62 Btuh/sq.ft.
0.65-0.80

1.5-4.0 cfm/sq.ft.

8-12 AC/h

(Range 75-300)
(Range 40-155)

(Range 20-80)

5.07. Kitchens (Depends Primarily on Kitchen Equipment)



A. Total Heat 150-350 sq.ft./ton (at 85°F space)

B. Total Heat 34-80 Btuh/sq.ft. (at 85°F space)

C. Room Sens. Heat 20-56 Btuh/sq.ft. (at 85°F space)

D. SHR 0.60-0.70

E. Air Flow 1.5-2.5 cfm/sq.ft.

F. Air Change Rate 12-15 AC/h

5.08. Cocktail Lounges, Bars, Taverns, Clubhouses, Nightclubs

. Total Heat 150-200 sq.ft./ton (Range 75-300)

. Total Heat 60-80 Btuh/sq.ft. (Range 40-155)

A

B

C. Room Sens. Heat 27-40 Btuh/sq.ft. (Range 20-80)
D

. SHR 0.65-0.80

E. Spaces 1.5-4.0 cfm/sq.ft.

F. Air Change Rate 15-20 AC/h Cocktail Lounges,
Bars, Taverns,
Clubhouses

G. Air Change Rate 20-30 AC/h Night Clubs

5.09. Hospital Patient Rooms, Nursing Home Patient Rooms

A. Total Heat

250-300 sq.ft./ton

(Range 200-400)

B. Total Heat 40-48 Btuh/sq.ft. (Range 30-60)
C. Room Sens. Heat 32-46 Btuh/sq.ft. (Range 25-50)
D. SHR 0.75-0.85

5.10. Buildings w/100 percent OA Systems (e.g., Laboratories,

Hospitals)



A. Total Heat

B. Total Heat

100-300 sq.ft./ton

40-120 Btuh/sq.ft.

5.11. Medical/Dental Centers, Clinics, and Offices

A. Total Heat

B. Total Heat

C. Room Sens. Heat
D. SHR

E. Air Change Rate

5.12. Residential

A. Total Heat
B. Total Heat
C. Room Sens. Heat

D. SHR

5.13. Apartments (Eff.

A. Total Heat
B. Total Heat
C. Room Sens. Heat

D. SHR

250-300 sq.ft./ton (Range 200-400)
40-48 Btuh/sq.ft. (Range 30-60)
32-46 Btuh/sq.ft. (Range 25-50)
0.75-0.85

8-12 AC/h

500-700 sq.ft./ton
17-24 Btuh/sq.ft.
12-20 Btuh/sq.ft.

0.80-0.95

, One-Room, Two-Room)

350-450 sq.ft./ton (Range 300-500)
27-34 Btuh/sq.ft. (Range 24-40)
22-30 Btuh/sq.ft. (Range 20-35)
0.80-0.95

5.14. Motel and Hotel Public Spaces



A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

250-300 sq.ft./ton
40-48 Btuh/sq.ft.
32-46 Btuh/sq.ft.

0.75-0.90

(Range 160-375)
(Range 32-74)

(Range 25-60)

5.15. Motel and Hotel Guest Rooms, Dormitories

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

400-500 sq.ft./ton
24-30 Btuh/sq.ft.
20-25 Btuh/sq.ft.

0.80-0.95

5.16. School Classrooms

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Change Rate

225-275 sq.ft./ton
43-53 Btuh/sq.ft.
25-42 Btuh/sq.ft.
0.65-0.80

4-12 AC/h

(Range 300-600)
(Range 20-40)

(Range 15-35)

(Range 150-350)
(Range 35-80)

(Range 20-65)

5.17. Dining Halls, Lunch Rooms, Cafeterias, Luncheonettes



A
B
C
D

. Total Heat
. Total Heat
. Room Sens. Heat

. SHR

E. Spaces

F. Air Change Rate

100-250 sq.ft./ton
48-120 Btuh/sq.ft.
21-62 Btuh/sq.ft.
0.65-0.80

1.5-4.0 cfm/sq.ft.

12-15 AC/h

5.18. Libraries, Museums

A

C. Room Sens. Heat

. Total Heat

. Total Heat

D. SHR

. Air Change Rate

250-350 sq.ft./ton
34-48 Btuh/sq.ft.
22-32 Btuh/sq.ft.
0.80-0.90

8-12 AC/h

5.19. Retail, Department Stores

A. Total Heat

C. Room Sens. Heat

. Total Heat

D. SHR

. Air Change Rate

200-300 sq.ft./ton
40-60 Btuh/sq.ft.
32-43 Btuh/sq.ft.
0.65-0.90

6-10 AC/h

(Range 75-300)
(Range 40-155)

(Range 20-80)

(Range 160-400)
(Range 30-75)

(Range 20-50)

(Range 200-500)
(Range 24-60)

(Range 16-43)

5.20. Drug, Shoe, Dress, Jewelry, Beauty, Barber, and Other
Shops



A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Change Rate

5.21. Supermarkets

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Change Rate

175-225 sq.ft./ton
53-69 Btuh/sq.ft.
23-54 Btuh/sq.ft.
0.65-0.90

6-10 AC/h

250-350 sq.ft./ton
34-48 Btuh/sq.ft.
25-40 Btuh/sq.ft.
0.65-0.85

4-10 AC/h

5.22. Malls, Shopping Centers

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Change Rate

5.23. Jails

150-350 sq.ft./ton
34-80 Btuh/sq.ft.
25-67 Btuh/sq.ft.
0.65-0.85

6-10 AC/h

(Range 100-350)
(Range 35-115)

(Range 15-90)

(Range 150-400)
(Range 30-80)

(Range 22-67)

(Range 150-400)
(Range 30-80)

(Range 22-67)



A. Total Heat
B. Total Heat
C. Room Sens. Heat

D. SHR

350-450 sq.ft./ton (Range 300-500)

27-34 Btuh/sq.ft. (Range 24-40)
22-30 Btuh/sq.ft. (Range 20-35)
0.80-0.95

5.24. Auditoriums, Theaters

A. Total Heat

B. Total Heat

C. Room Sens. Heat
D. SHR

E. Air Flow

F. Air Change Rate

5.25. Churches

A. Total Heat

B. Total Heat

C. Room Sens. Heat
D. SHR

E. Air Flow

F. Air Change Rate

5.26. Bowling Alleys

0.05-0.07 tons/seat
600-840 Btuh/seat
325-385 Btuh/seat
0.65-0.75

15-30 cfm/seat

8-15 AC/h

0.04-0.06 tons/seat
480-720 Btuh/seat
260-330 Btuh/seat
0.65-0.75

15-30 cfm/seat

8-15 AC/h



A. Total Heat 1.5-2.5 tons/alley
B. Total Heat 18,000-30,000 Btuh/alley

C. Air Change Rate 10-15 AC/h

5.27. All Spaces

A. Total Heat 300-500 cfm/ton@20°F AT
B. Total Heat 400 cfm/ton £ 20%@20°F AT
C. Perimeter Spaces 1.0-3.0 cfm/sq.ft.

D. Interior Spaces 0.5-1.5 cfm/sq.ft.

E. Building Block cfm 1.0-1.5 cfm/sq.ft.

F. Air Change Rate 4 AC/h minimum

G. Total heat includes ventilation. Room sensible heat does not
include ventilation.

5.28. Cooling Load Calculation Procedure

A. Obtain Building Characteristics
1. Construction materials.

2. Construction material properties: U-values, R-values, shading coefficients,
solar heat gain coefficients.

3. Size.

4. Color.

5. Shape.

6. Location.

7. Orientation, N, S, E, W, NE, SE, SW, NW, etc.
8. External/internal shading.

9. Occupancy type and time of day.



B. Select Outdoor Design Weather Conditions
1. Temperature.

2. Wind direction and speed.

3. Conditions in selecting outdoor design weather conditions:
a. Type of structure, heavy, medium, or light.

b. Is structure insulated? If the structure is heated or cooled, the structure
must be insulated by code.

C. Is structure exposed to high winds?

d. Infiltration or ventilation load.

e. Amount of glass.

f. Time of building occupancy.

g. Type of building occupancy.

h. Length of reduced indoor temperature.

i. What is daily temperature range, minimum/maximum?

j. Are there significant variations from ASHRAE weather data?
k. What type of heating devices will be used?

|. Expected cost of fuel.

4. See Part 15 for code restrictions on the selection of outdoor design
conditions.

C. Select the indoor design temperature to be maintained in each space.
See Part 15 for code restrictions on the selection of indoor design
conditions.

D. Estimate temperatures in unconditioned spaces.

E. Select and/or compute U-values for walls, roof, windows, doors,
partitions, etc.

F. Determine the area of walls, windows, floors, doors, partitions, etc.



. Compute the conduction heat gains for all walls, windows, floors,
doors, partitions, skylights, etc.

. Compute the solar heat gains for all walls, windows, floors, doors,
partitions, skylights, etc.

. Infiltration heat gains are generally ignored unless space temperature
and humidity tolerance are critical.

. Compute the ventilation heat gain required.
. Compute the internal heat gains from lights, people, and equipment.

. Compute the sum of all heat gains indicated in items G, H, |, J, and K
earlier in this list.

. Include morning cool-down for buildings with intermittent use and
night setup. See Part 15 for code restrictions on the excess HVAC
system capacity permitted for morning cool-down.

. Consider equipment and materials that will be brought into the
building above the inside design temperature.

. Cooling load calculations should be conducted using industry-
accepted methods to determine the actual cooling load requirements.

. Cooling load calculations are often performed using computer
simulation programs. These programs greatly simplify the calculation
process; however, the basic procedures and input information
required are the same.

5.29. Cooling Load Peak Time Estimate (for Calculating Cooling
Loads by Hand)

MONTH OF PEAK ROOM COOLING LOAD FOR VARIOUS EXPOSURES



Window Characteristics

%
Glass

25
25
25
25
25
25
50
50
50
50
50

50

Notes:

Shade
Coef.

0.4

0.4

0.4

0.6

0.6

0.6

0.4

0.4

0.4

0.6

0.6

0.6

Overhang

1:2

1:1

1:2

1:1

1:2

1:1

1:2

1:1

Probable Month of Peak Room Cooling Los

July
July
July
July
July
July
July
July
July
July
July

July

S

Sept.

Oct.

Oct.

Sept.

Oct.

Dec.

Sept.

Oct.

Dec.

Oct.

Dec.

Dec.

July
July
July
July
July
July
July
July
July
July
July

July

w

July
Aug.
July
July
Aug.
Sept.
July
Aug.
Sept.
July
Aug.

Sept.

July
July
July
July
July
July
July
July
July
July
July

July

SE

Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.

Sept.

SWwW

Sept.
Sept.
Oct.
Sept.
Sept.
Oct.
Sept.
Sept.
Oct,
Sept.
Oct.

Dec.

1. Percent glass is the percent of gross wall area for the particular

exposure.

2. The shading coefficient refers to the overall shading coefficient. A

shading coefficient of 0.4 is approximately equal to double-pane glas:
with the heat-absorbing plate out and the regular plate in, combined
with medium-color Venetian blinds.

3. Although the room peak for south, southeast, and southwest exposur

is September or later, the system peak will likely be in July.

4. The value for the overhang is the ratio of the depth of the overhang t
the height of the window with the overhang at the same elevation as

top of the window.

5. The roof will peak in June or july.
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Part 6: Heating Load Rules of Thumb

6. Part 6: Heating Load Rules of Thumb

6.01. All Buildings and Spaces

A. 20-60 Btuh/sq.ft.

B. 25-40 Btuh/sq.ft. Average

6.02. Buildings w/100 Percent OA Systems (i.e., Laboratories,
Hospitals)

A. 40-120 Btuh/sq.ft.

6.03. Buildings w/Ample Insulation, Few Windows

A. AC tons x 12,000 Btuh/ton x 1.2

6.04. Buildings w/Limited Insulation, Many Windows

A. AC tons x 12,000 Btuh/ton x 1.5

6.05. Walls Below Grade (Heat Loss at Outside Air Design
Condition)

A. -30°F - 6.0 Btuh/sq.ft.


https://accessengineeringlibrary.com:443/
https://accessengineeringlibrary.com:443/starring/star/hvac-equations-data-and-rules-of-thumb-third-edition--c9780071829595ch06/
http://www.accessscience.com/termsofuse.aspx

B. -25°F - 5.5 Btuh/sq.ft.
C. -20°F - 5.0 Btuh/sq.ft.
D. -15°F - 4.5 Btuh/sq.ft.
E. -10°F - 4.0 Btuh/sq.ft.
F. -5°F - 3.5 Btuh/sq.ft.
G. O°F - 3.0 Btuh/sq.ft.
H. 5°F - 2.5 Btuh/sq.ft.

. 10°F - 2.0 Btuh/sq.ft.
J. 15°F - 1.9 Btuh/sq.ft.
K. 20°F - 1.8 Btuh/sq.ft.
L. 25°F - 1.7 Btuh/sq.ft.

M. 30°F - 1.5 Btuh/sq.ft.

6.06. Floors Below Grade (Heat Loss at Outside Air Design
Condition)

A. -30°F - 3.0 Btuh/sq.ft.
B. -25°F - 2.8 Btuh/sq.ft.
C. -20°F - 2.5 Btuh/sq.ft.
D. -15°F - 2.3 Btuh/sq.ft.
E. -10°F - 2.0 Btuh/sq.ft.
F. -5°F - 1.8 Btuh/sq.ft.
G. O°F - 1.5 Btuh/sq.ft.
H. 5°F - 1.3 Btuh/sq.ft.

|. 10°F - 1.0 Btuh/sq.ft.

J. 15°F - 0.9 Btuh/sq.ft.



K. 20°F - 0.8 Btuh/sq.ft.

L.

M.

25°F - 1.7 Btuh/sq.ft.

30°F - 0.5 Btuh/sq.ft.

6.07. Heating System Selection Guidelines

A.

If heat loss exceeds 450 Btu/h per lineal feet of wall, heat should be
provided from under the window or from the base of the wall to
prevent downdrafts.

If heat loss is between 250 and 450 Btu/h per lineal feet of wall, heat
should be provided from under the window or from the base of the
wall, or it may be provided from overhead diffusers, located adjacent
to the perimeter wall, discharging air directly downward, blanketing
the exposed wall and window areas.

If heat loss is less than 250 Btu/h per lineal feet of wall, heat should
be provided from under the window or from the base of the wall, or it
may be provided from overhead diffusers, located adjacent to or
slightly away from the perimeter wall, discharging air directed at, or
both directed at and directed away from, the exposed wall and
window areas.

6.08. Heating Load Calculation Procedure

A.

Obtain Building Characteristics
1. Construction materials.

2. Construction material properties: U-values, R-values, shading coefficients,
solar heat gain coefficients.

3. Size.

4. Color.

5. Shape.
6. Location.

7. Orientation, N, S, E, W, NE, SE, SW, NW, etc.



8. External/internal shading.
9. Occupancy type and time of day.

B. Select Outdoor Design Weather Conditions
1. Te