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FOREWORD

The Iranian Petroleum Standards (IPS) reflect
the views of the Iranian Ministry of Petroleum
and are intended for use in the oil and gas
production facilities, oil refineries, chemical and
petrochemical plants, gas handling and
processing installations and other such facilities.

IPS is based on internationally acceptable
standards and includes selections from the items
stipulated in the referenced standards. They are
also supplemented by additional requirements
and/or modifications based on the experience
acquired by the Iranian Petroleum Industry and
the local market availability. The options which
are not specified in the text of the standards are
itemized in data sheet/s, so that, the user can
select his appropriate preferences therein.

The IPS standards are therefore expected to be
sufficiently flexible so that the users can adapt
these standards to their requirements. However,
they may not cover every requirement of each
project. For such cases, an addendum to IPS
Standard shall be prepared by the user which
elaborates the particular requirements of the
user. This addendum together with the relevant
IPS shall form the job specification for the
specific project or work.

The IPS is reviewed and up-dated approximately
every five years. Each standards are subject to
amendment or withdrawal, if required, thus the
latest edition of IPS shall be applicable.

The users of IPS are therefore requested to send
their views and comments, including any
addendum prepared for particular cases to the
following address. These comments and
recommendations will be reviewed by the
relevant technical committee and in case of
approval will be incorporated in the next revision
of the standard.

Standards and Research department
No.19, Street14, North kheradmand
Karimkhan Avenue, Tehran, Iran .
Postal Code- 1585886851

Tel: 021-88810459-60 & 021-66153055
Fax: 021-88810462

Email: Standards@nioc.org
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General Definitions:

Throughout this Standard the following
definitions shall apply.

Company :

Refers to one of the related and/or affiliated
companies of the Iranian Ministry of Petroleum
such as National Iranian Oil Company, National
Iranian Gas  Company, and National
Petrochemical Company etc.

Purchaser :

Means the "Company" Where this standard is
part of direct purchaser order by the “Company”,
and the “Contractor” where this Standard is a part
of contract ducments.

Vendor And Supplier:

Refers to firm or person who will supply and/or
fabricate the equipment or material.

Contractor:

Refers to the persons, firm or company whose
tender has been accepted by the company.

Executor :

Executor is the party which carries out all or part
of construction and/or commissioning for the
project.

Inspector :

The Inspector referred to in this Standard is a
person/persons or a body appointed in writing by
the company for the inspection of fabrication and
installation work

Shall:

Is used where a provision is mandatory.

Should

Is used where a provision is advisory only.

Will:

Is normally used in connection with the action
by the “Company” rather than by a contractor,
supplier or vendor.

May:

Is used where a provision is completely
discretionary.
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0. INTRODUCTION

With the advent of the 1990s new issues and
terminologies are setting trends in the entire
(HVAC&R)* industry. Environmental authorities
are diffusing new culture format in the industry
with particular emphasis to substances that
possess ozone depletion potential. With a result
indoor air quality, air contaminants, clean air act,
Chlorofluorocarbons (CFC) issues, safety codes
etc. are now either being introduced or redefined.
Changes on each of these issues have a direct
effect on (HVAC&R)* engineering, installation,
operation, maintenance and replacements.

This Standard has been developed to help
facilitate the requisites of building air
conditioning, its selection procedures and system
layout required to provide a comfort and healthy
atmosphere in an air conditioning space. A simple
approach to load calculation per ARI and
ASHRAE procedures has been included as a
ready reckoner for the design engineer.

In view of the Montreal Protocol which also
addresses the production phase-out of CFC by
Dec. 31, 1995, special importance has been
provided towards the status of Refrigerants as
described in Clause 10. However due to its
continuous development changes, from HCFC*
to HFC* to blending technique, the subject on
Refrigerants are based on purely information
gathering-stage  complying with ASHRAE
Standard 34- 2007.

* HVAC & R Heating, Ventilating, Air-
Conditioning and Refrigerating

*HCFC Hydro Chlorofluorocarbon
*HFC Hydro Fluorocarbon
*CFC Chlorofluorocarbons
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1. SCOPE

This Standard covers the minimum requirement
for practical approach towards, design,
application and various methods of building air
conditioning system together with relevant
automatic controls.

System components are not individually
described, but guidelines for selection procedure
of equipment and supporting components are
covered in this Standard. It also includes a section
on "central chillers" to describe the importance on
the combination of absorption and centrifugal
chiller system in the HVAC&R industry.

This Standard shall be used, when required, in
conjunction with relevant standard drawings.

This Standard does not cover the following
subjects which are covered in relevant IPS as
shown below:

a) Building Heating System (IPS-E-AR-100).

b) Venting, Ventilation and Pressurizing
System (IPS-E-AR-160).

¢) Humidification and Dehumidification
System (IPS-E-AR-130).

Note 1:

This standard specification is reviewed and
updated by the relevant technical committee on
Nov 2000, as amendment No. 1 by circular No.
136.

Note 2:

This standard specification is reviewed and
updated by the relevant technical committee on
May 2004, as amendment No. 2 by circular No.
236.

Note 3:

This bilingual standard is a revised version of the
standard specification by the relevant technical
committee on *** which is issued as revision
(1). Revision (0) of the said standard specification
is withdrawn.

Note 4:

In case of conflict between Farsi and English
languages, English language shall govern.
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2. REFERENCES

Throughout this Standard the following dated and
undated standards/codes are referred to. These
referenced documents shall, to the extent
specified herein, form a part of this standard. For
dated references, the edition cited applies. The
applicability of changes in dated references that
occur after the cited date shall be mutually agreed
upon by the Company and the Vendor. For
undated references, the latest edition of the
referenced documents (including any
supplements and amendments) applies.

SMACNA(SHEET METAL AND AIR
CONDITIONING CONTRACTOR’S
NATIONAL ASSOCIATION)

SMACNA 2007 "HVAC System Design"

ARI (AIR CONDITIONING AND
REFRIGERATION INSTITUTE)

ARI 550/590  "Standard for Performance
Rating of Water Chilling
Package, Vapor
Compression Cycle"2003

ARI 575-94 "Method of Measuring
Machinery Sound within
an Equipment Space"

ARI 410 "Forced-circulation Air-
Cooling and Air Heating
Coils"2002

ARI 430-99 "Central Station Air
Heating Units"

ARI 560 " Absorption Water

Chilling and Water Heating
Package"2000

ARI 700 "Specification for
Fluorocarbon Refrigerants"
2004

ARI 740-98 "Standard for Refrigerant
Recovery/Recycling
Equipment"
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ASHRAE(AMERICAN SOCIETY OF
HEATING REFRIGERATING & AIR
CONDITIONING ENGINEERS)

ASHRAE 135 "Data Communication
Protocols for Building
Automation and Control
Networks (BACnet)"2007

ASHRAE STD 15 "Safety Code for
Mechanical Refrigeration”
2007

ASHRAE STD 34 "Number Designation and
Safety Classification of
Refrigerants"2007

ASHRAE "Fundamental and
guidebook" 2005

ASME (AMERICAN SOCIETY OF
MECHANICAL ENGINEERS)

ASME B31.5 "Refrigeration Piping and
Heat Transfer Component"
2006

AMCA (AIR MOVEMENT AND CONTROL
ASSOCIATION)

AMCA 500-D  "Laboratory Methods of
Testing  Dampers  for
Rating"2007

IPS IRANIAN PETROLEUM STANDARDS)

IPS-E-AR-100 "Engineering Standard for
Building Heating System"

IPS-E-AR-160 "Engineering Standard for
Venting, Ventilation and
Pressurizing System"

IPS-E-AR-130 "Engineering Standard for
Humidification &
Dehumidification System"

IPS-E-AR-180 "Engineering Standard for
Cold Stores and Ice Plants"

IPS-M-AR-125 "Material and Equipment
Standard for Packaged Air
Conditioners"
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IPS-M-AR-225 "Material and Equipment
Standard for General

HVAC&R Equipment”

IPS-M-AR-245 "Material and Equipment
Standard for Room Air
Conditioners (Window and
Thru-the-Wall Type)"

IPS-M-AR-235 "Material and Equipment
Standard for Insulation of

HVAC&R Field"

IPS-E-GN-100 "Engineering Standard for
Units"

NFPA (NATIONAL FIRE PROTECTION
ASSOCIATION)

NFPA-70-2007 "National Electrical Code"

UL (UNDER WRITERS LABORATORY /
INC.)

UL STD 94 "Standard for Test for
Flammability of Plastic
Material for Part in Device

and Appliances"

3. DEFINITIONS AND TERMINOLOGY
3.1 Air Washer

Unit for spraying or atomizing clean water into an
air supply system; capable of heating, cooling,
humidifying, or dehumidifying the air, depending
on whether the water is heated or chilled.

3.2 Air-Conditioning System

Assembly of equipment for air treatment to
control simultaneously its temperature, humidity,
cleanliness, contamination, and distribution to
meet the requirements of a conditioned space.

3.3 Azeotrope

A blend of two or more components whose
equilibrium vapor phase and liquid phase
compositions are the same at a given pressure.

(R-502=48.8% of R-22 9%51.2 of R-115)
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3.4 Ceiling Diffuser

Round, square, rectangular, or linear air diffuser
in the ceiling which usually provides a horizontal
distribution pattern of primary and secondary air
over the occupied zone and induces low velocity
secondary air motion through the zone.

3.5 Central Fan Air-Conditioning System

System in which air is treated at a central plant
and carried to and from the rooms by one or more
fans and a system of ducts.

3.6 Water Chiller

Water chillers or a liquid chilling package is a
factory-fabricated assembly designed to cool
water, brine, or other fluids for air-conditioning,
refrigeration, or process cooling purposes .

3.7 Comfort Air-Conditioning

It is the control of ventilation, air circulation, air
cleaning, temperature, and humidity to provide
maximum human efficiency, health, and comfort.

3.8 Conditioned Space

Space within a building provided with heated or
cooled air, or both (or surfaces); and, where
required, with humidification or dehumidification
means, to maintain conditions for an acceptable
thermal environment.

3.9 Coolant

Fluid employed for transferring heat from one
place to another.

3.10 Damper

Device used to vary the volume of air passing
through outlet, inlet or ducts.

3.11 Design Load

It is the capacity required to produce specified
inside conditions when specified outside
conditions of temperature and humidity prevail,
and when all sources of load are taken at the
maximum that will then occur coincidentally.
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3.12 Direct Digital Controls oo (g0 g J oS VY-V
Micro-processor based controller integrating 1, Osembossl J,uS Jos odisloyy 5oy aly p oaS s

automation and control in a stand alone or system
network operation. It collects all the input and
accumulates it in a computer which relays each
individual output by digitally based controllers as
required.

3.13 Heat Pump

Thermodynamic heating/refrigerating system to
transfer heat. The condenser and evaporator may
change roles to transfer heat in either direction.
By receiving the flow of air or other fluid, a heat
pump is used to cool or heat.

3.14 HVAC Systems

System that provides either collectively or
individually the processes of comfort heating,
ventilating, and/or air conditioning within, or
associated with, a building.

3.15 Induction Unit

Air terminal device that delivers a small quantity
of conditioned (primary) air through high-
velocity jets, to induce a large quantity of room
(secondary) air into the supply air stream. A
heating coil may be located in the primary or
secondary air stream. Primary air often is
predominantly outside air. Units generally
discharge directly through a grille into the space
due to limited downstream static pressure
capability.

3.16 Optimization

It is defined as an act, process or methodology of
making something - design, systems or decision -
as fully perfect, functional or -effective as
possible.

3.17 Psychrometric Chart

Graphical representation of the properties of
moist air, usually including wet and dry bulb
temperatures, specific and relative humidities,
enthalpy, and density.
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3.18 Relative Humidity

1) Ratio of the partial pressure or density of
water vapor to the saturation pressure or
density, respectively, at the same dry-bulb
temperature, and barometric pressure of the
ambient air.

2) Ratio of the mole fraction of water vapor to
the mole fraction of water vapor saturated at
the same temperature and barometric pressure.

3.19 Variable Air Volume

Variable air volume (VAV) system maintains
room temperature by supplying a variable volume
of constant temperature supply air, wherein

- The volume is modulated by a damper in
response to room temperature;

- The damper can be powered by duct pressure
powered controls, pneumatic controls, or
electric controls.

3.20 Zoning

1) Division of a building or group of buildings
into separately controlled spaces (zones),
where different conditions can be maintained
simultaneously.

2) Practice of dividing a building into smaller
sections for control of heating and cooling.
Each section is selected so that one thermostat
can be used to determine its requirements.

4. UNITS

This Standard is based on International System of
Units (SI), as per IPS-E-GN-100 except where
otherwise is specified.

5. BASIC DESIGN REQUIREMENTS
5.1 General

5.1.1 A reasonable and accurate requirement of
air conditioning system shall be capable to
promote physical wellbeing of human or provide
improvement to industrial processes.

5.1.2 Temperature, relative humidity, motion of
the air, and the temperature of the surrounding
surfaces are important determining factors in the
sensation of warmth and comfort because they
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directly influence the dissipation of body heat.

5.1.3 In industrial processes, the temperature and
relative humidity of the air have a great deal to do
with the rate of production, period of storage, and
the weight, strength, appearance and quality of
the product.

5.2 Design Load Factors

5.2.1 The following shall be specified as a basis
for the calculation of design loads:

a) Design outside conditions (including
temperature, relative humidity and other
factors).

b) Design
temperature,
factors).

inside conditions (Including
relative humidity and other

¢) Average number of occupants.

d) Other sources of substantial load from with-
indoors when design conditions prevail.

e) Quantity of air assumed for ventilation.
f) Time of day at which design load from
indoor sources is estimated to occur.
g) Class of activity assumed for occupants.
h) Size and physical characteristics of
enclosure.

i) Quantity of air assumed for infiltration,
including infiltration due to door usage.

j) Hours of operation.

k) Orientation of building

5.2.2 Calculations of design loads (summer)
should include the following sources of heat gain:

a) Conduction through physical barriers, such
as walls, doors, windows, floors, ceilings, etc.

b) Heat from sunshine:
1) Direct effect through glass areas.

2) Additional conduction through opaque
barriers, such as walls, roofs, etc., when these
heat gains contribute to the design load.
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¢) Heat and moisture introduced by incoming
outdoor air.

d) Heat and moisture liberated by occupants.

e) Heat and moisture liberated by appliances,
office equipment, illumination,
combustion, electric motors etc.

5.3 Design Outside Conditions

The design outside dry-bulb and wet-bulb
temperatures, prevailing wind velocity including
elevation and other factors for calculating cooling
loads shall be not lower than those shown in
Attachments 1-2 and 3 for the cities listed and for
localities that are the same climatically. (The
designer should exercise judgment to insure that
results are consistent with expectations).

5.4 Design Inside Conditions

5.4.1 It is recommended that the design inside
temperature and humidity for calculation of the
cooling load should not be higher than 26.7°C
(80°F) dry-bulb temperature and 50 percent
relative  humidity. The ventilation rate,
permissible variations and control limits should
also be inclusive.

5.4.2 For installations which have a load that is
predominantly a "people" load, a slightly-lower
design dry-bulb temperature, along with an
increase in relative humidity, is permissible to
attain a more economical equipment selection.
Under these conditions, the design inside dry-
bulb temperature may decrease to 25°C (77°F)
and the design inside humidity may increase to 55
percent.

5.5 Solar Heat Gain

For factors on sensible heat gain transmitted
through glass and absorbed solar energy,
reference is made to ASHRAE Fundamental 2005
Guidebook Chapter 29.

5.6 Transmission Heat Gain

Transmission factors shall be used for estimating
the heat gain or heat loss due to transmission
through exterior walls, partitions, roofs, ceilings,
and floors; and the heat loss due to transmission
through windows. For the usual construction,
wall transmissions are only a small proportion of
the over-all load and, therefore, need not be
treated as carefully as glass or roofs exposed to
solar radiation.
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5.7 Design Occupancy

The design-load calculations should be based on
the stated average occupancy of the building
during the time of maximum design conditions.
The heat given off by each occupant should be
calculated as not less than that in Table 1.

> yb 30 o8l wlibe,S V-0
JE Sl bagie ulul il b Slasle (b o
b ooyl Jlsl el by Lls sl s slesle
3l aS 008 arulme sysb Wb i je Lawgs Bl (slad
bls S ) oyl Jodz polie

TABLE 1 - RATES OF HEAT GAIN FROM OCCUPANTS OF CONDITIONED SPACES (Notes a.b.c)

(F- (55T 0k)onis 4505 slolad jo iy slo,S lime &5 ) Jouir

Item Total Heat Total Heat .
o, Adults, Adjusted ¢, Sensible Latent
Male, Btu/h Btu/h Heat, Heat,
Degree Of Activity Typical Application J5 oyl F5 oyl Btwh | im/h‘
. . PUWE T Sl @
. se s PR PR
L NCT PES el el
el o el
1 Seated at theater Theater — Matinee 390 330 225 105
P 5o ads AL 3w Gl — 5l
2 Seated at theater Theater — Evening 390 350 245 105
P 5o ads cof— S
3 Seated, very light work Offices, hotels, 450 400 245 155
. S L A apartments
(S5 oz o Ji S 20
4 Moderately active office | Offices, hotels, 475 450 250 200
work apartments
oDl 6 ylo) Cdled | SeSane potizms o i IS b
5 Standing, light work; Department store, retail 550 450 250 200
walking store
O P8 (S 5" cooliws ! 9,8 00,5 Ll Ll
6 Walking; standing Drug store, bank 550 500 250 250
ool = o8, ol s o Sl — gyl
7 Sedentary work Light Restaurant © 490 550 275 275
bench RS
At S 5
8 Moderate Practice Prayer Room 800 750 275 475
ke (9590 U5 > a5l
9 Walking 3 mph; light Factory 900 850 305 345
el o Bl Y o8, o, Gl 5
S
10 | Machine work Factory 1000 1000 375 625
Sttty Gl s
11 | Bowling f Bowling alley 1500 1450 580 870
S G059 Sl Gl
12 Heavy work Factory 1500 1450 580 870
Cds IS Gl s
13 | Heavy machine work; Factory 1600 1600 635 965
lifting FHES .
YL Cs S S
14 | Athletics Gymnasium 2000 1800 710 1090
=359 )l oo )s
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Notes:

a) Tabulated values are based on 24°C (75°F)
room dry-bulb temperature. For (80°F) room
dry-bulb, the total heat remains the same, but
the sensible heat values should be decreased
by approximately 20%, and the latent heat
values increased accordingly.

b) Reference is also made to chapter 8 of
ASHRAE 2005 Fundamental Guidebook.
(except item &)

¢) All values are rounded to nearest 1.5 W
(5 Btu/h).

d) Adjusted heat gain is based on normal
percentage of men, women, and children for
the application listed, with the postulate that
the gain from an adult female is 85% of that
for an adult male, and that the gain from a
child is 75% of that for an adult male.

e) Adjusted total heat gain for sedentary work,
restaurant, includes 18 W (61 Btu/h) for food
per individual (9 W (30 Btu/h) sensible and

9 W latent).

f) For Bowling, figure one person per alley
actually bowling, and all others as sitting (117
W 400 Btu/h) or standing and walking slowly
(161 W- 550 Btu/h).

5.8 Heat from Appliances & other Equipment

For recommended values of heat gain in Btu per
hour, for a number of commonly-used appliances,
heat gains from selected office equipment,
hospital equipment and electric motors, reference
is made to Attachments 4, 5, 6 and 7.

5.9 Ventilation and Infiltration
5.9.1 Ventilation

5.9.1.1 For Ventilation requirements the Table
No. 8 mentioned in IPS-E-AR-160 shall apply.
For maintaining positive pressure the quantity of
air shall not be less than that drawn from the
space by any exhaust fan that may be used.
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5.9.1.2 The amount of outdoor air depends on the
number of occupants and on the materials and
apparatus that may give off odors within the
space. Generally, outdoor air for ventilation is
introduced at the air conditioning apparatus rather
than directly into the conditioned space, thus it
becomes a cooling coil load instead of a space
load component.

5.9.2 Infiltration

The infiltration through doors and windows shall
be calculated per formula mentioned in ASHRAE
Fundamental 2005 Guidebook and the larger of
the heat gain for ventilation or the infiltration
quantities shall be considered, but not both.

5.10 Air Motion in Conditioned Spaces

5.10.1 The air quantity and temperature of the
treated air and the method of introducing it to the
conditioned space shall be designed to limit to
1.6°C (3°F) or less, the simultaneous variation in
dry-bulb temperature at the same level throughout
that portion of a single room which is normally
frequented by persons.

5.10.2 In spaces normally frequented by persons
not moving about, it is recommended to avoid air
velocities exceeding 0.25 m/s (50 fpm) in the
zone between the floor and the 1.5 meter level.

5.10.3 Exceptions shall be made to the vicinity of
a supply or return grille when the construction
requires it to be located below the 1.5 meter level
and in a space normally frequented by persons.

5.10.4 Noise level, odor level and indoor air
quality shall be given due considerations in the
equipment selection.

5.11 Safety Provisions

Comfort air conditioning systems shall be
installed in accordance to safety requirements
called for by relevant codes of OSHA* and
NFPA. The applicable code of ASHRAE 15-2007
(Safety Code Standard for Refrigeration System)
shall also apply to this Standard.
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* OSHA.: .Occ1.1pati0nal Safety And Health s oMo 9 ons] 0131 OSHA *
Administration

5.12 Equipment Service Life Ol g dudo o V-0

The selgct;,d equipment' alnd system §hall bte Sl 28,8 a0 b agl ead bl alebs 5 lsazs

governed by proper maintenance requirements . . ) . L

such that life expectancy of the equipment meets Jolam b o5 i ool soe S 5l oo Slids

minimum requirements of those recommended by Cawga 50 &S ASHRAE x> 0 0 ouls arogs Sbl3l

ASHRAE as indicated in Attachment 8. il asls Cills wans 5SS 5 A oled

6. AIR CONDITIONING SYSTEM & oo 4 00 wilolu gy alinb —
CLASSIFICATION

\-¢
6.1 General S

6.1.1 Varying air conditioning demands are met lyes pilime gohae 50 slajls o St V17

in residential, commercial, institutional, medical sl yiss g Sleys o iigel (5,6 e slslasla b
aqd ofﬁce buildings. These demands are met Sl g5 oolaly gandinh o oKin ail o S
primarily through the use of one of the systems . ‘
mentioned below or through combination of these slaaibels 51 (So b cass b bajls cnl il caole
systems, wherein classification shall be based on sl 4zl il LT 5l oS 5 L 3 oo S5
type of refrigeration.
6.1.2 The Coefficient Of Performance (COP) o1 @ el » b (COP) oIS oo Y-)-F
based on recent develio'pm'ent addresses the 2 Olgies 45 Wil gardae dses Clpgst dewgi g s
performance of air conditioning equipment, and o .
can be determined by the following formula: 903 Gl S serb sl

TR x12000

HP x 2544Btu/ HP

6.2 Packaged-Unitary System az LSO uelg albol Y-
6.2.1 Packaged direct expansion system preiiane blucs! g gaao a2 god ailolw V-Y-F
These are packaged self-contained units working by a3, Jool b WSogs ax LSy sleasly ()l
on the principles of direct expansion refrigerating Gy S A LSy axly 4z oS e IS et blas]

cycle, either single package for indoor mount or . L ol 1 . )
split-system requiring one indoor and one outdoor 25l 9,8 aSyd alel az 5 I J2I> 5L 10 s
unit. These units either distribute the air through Laxly ol Qls ()5 oKiws G g A ol SO
an integrated discharge plenum or circulate the air

S L g oS o Colon SEPC IR 1 lse b
through fabricated sheet metal ducting or fiber 7o E i S o

glass duct board. 3llge by 4 ead sl (o518 JUIS
Note: 1 8919L
For various ARI standard classifications reference slulial ay ART o jlaibinl Giliee gouail ly

is made to IPS-M-AR-125. For window air
conditioners or  thru-the-wall room air L sl slafss sln 0gd anzlye IPS-M-AR-125

conditioners reference is made to IPS-M-AR-245. a>gi b .ogd azxlpe [IPS-M-AR-245 » lailksl 45 5,90

Subject to the configuration of the computer C Seals sl - .
5 g Eolro 43505 ¢ FgolS allols losuz 4
system, computer room air conditioning also falls T IO ' RANEE T

within this category. Dy Wls> ganail opl jo
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6.2.2 Unitary system

These are distribution systems where room units
may be used in the central fan system and
classified as non-refrigerant type, into three major
areas:

a) All water and no air.
b) Part water and part air.

¢) All air and no water.

6.2.2.1 All water and no air system

Commonly referred to as fan coil units located
under perimeter windows, ceiling or wall
suspended, controlled by room thermostat and/or
motorized valves. Fig. 1 illustrates this system.

a LSO owelg sl Y-Y-F
3o BBl glasly a5 s e sle abls b oyl
Oloie g WS (oo )3 osliiul 3550 (35 1o 00k ailels
Wed (oo g b (b ol amlanw 4 0,0 o g5
l2 9 9 o plas (A1
9o Grond 5 ol o3 (0
<l og s lse eles (g
l9 et 3 o plos ailobus  1-Y-Y—F
9l b s doo oty 5 50 a5 (g 50l (S slaasly
Loy SUl cliwgeys alows @ gy 00 )5 4 s &

alolw (pl VIS0 0 aigdoe JAS 6y sl

sl 00 00l UL.M;
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Fig. 1-TYPICAL ALL-WATER NO-AIR UNITARY SYSTEM
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6.2.2.2 Part water and part air system

These systems are frequently called induction
systems, because part of the air is supplied from
central fan (air handling) system which induces
room air into the unit, whether high or low
pressure. Fig. 2 illustrates this system. The water
for the heating is supplied by the boiler through
the heat exchanger, to the heating coil. (Ducting
for air can be designed by static regain in high

g8 omd g Ol owmd O ygu0 4 diloliw Y-Y-¥-5
L) Sgdwe odpel Sl alole LI b wlbls gg5
Ol ol (Olo 198) 6550 030k 5l I 5l i
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velocity ducts). These systems are recommended
for location under the window around the
perimeter areas of multi-story multi-room
buildings.
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Fig. 2-TYPICAL PART-WATER PART-AIR UNITARY SYSTEM
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6.2.2.3 All-air and no-water systems

6.2.2.3.1 These systems are a form of recheat
system, condition the air at a central location
(central fan system) and deliver the air through
ducts. The system may be low/medium pressure,
single duct or high pressure dual duct
(representing hot and cold deck).

6.2.2.3.2 A variable air volume mixing box may
be used for maintaining room conditions through
control dampers/ valves to proportion the amount
of hot or cold air required at the mixing box. Fig.
3 illustrates the high velocity dual duct system.
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6.3 Heat Pump System
6.3.1 General

6.3.1.1 A heat pump is a refrigeration cycle-either
reciprocating or centrifugal-in which the cooling
effect as well as the heat rejected is used to
furnish cooling or heating to the air conditioning
units either simultaneously or separately.

6.3.1.2 Any thermodynamic cycle that is capable
of producing a cooling effect may theoretically be
used as heat pump.

6.3.2 Advantages

The heat pump
advantages of:

system operation has the

a) Over all first cost saving,
b) Space saving,

¢) Nuisance elimination,
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d) Single energy source,
e) Increased safety,

f) Fire insurance rate reduction.

6.3.3 Heat pump types

Heat pumps for air conditioning service are
further classified by:

a) Type of heat source and sink.
b) Heating and cooling distribution fluid.

¢) Type of thermodynamic cycle.
d) Type of building structure.
e) Size and configuration.

f) Limitation of the source and the sink.

6.3.4 Unitary heat pumps

The two basic types of unitary heat pumps are:

a) Air-to-air: this equipment consists of
factory matched refrigerant cycle components
which are applied in the field to fulfill
requirements of the user. These can be either
in pre-assembled unit or as a split system.

b) Water-to-air: These use water as the heat
source when in the heating mode and as the
heat sink when in the cooling mode. The water
supply may be closed water loop, a lake or a
well (ground source).

7. METHODS OF FLUID AND AIR
DISTRIBUTION

7.1 Methods of Distributing Fluid Media
7.1.1 General

7.1.1.1 In an air conditioning system, each coil,
washer or heat exchanger is an arrangement of
piping that will convey the cooling or heating
fluid in an effective manner to the refrigeration
machine.
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7.1.1.2 When water is used, this arrangement
shall be used with black carbon steel or
galvanized pipes in the form of supply and return
water piping along with the necessary pump to
circulate the water through the piping and other
equipment.

7.1.2 Pipe sizing
7.1.2.1 General

Pressure drop caused by Newtonian fluids often
presented in head or specific energy form is
described by the following Darcey-Weisbach
equation:

Ah=fL
D

Where:
Ah =head loss, ft

f = friction factor, dimensionless
L = length, ft

D = Internal diameter, ft

V = average velocity, ft/s

g = acceleration due to gravity, ft/s’

Note:

For further information, reference is made to
ASHRAE 2005 Fundamentals, Chapter 33,
35&36.

7.1.2.2 Sizing cold water pipes (open system)

1) Sketch the main lines, risers, and branches,
and identify the fixtures to be served.

2) Compute the demand weight of the fixtures.

3) Determine the total demand in fixture units,
and find the expected demand in L/s.

4) Determine the equivalent length of pipe in
the main lines, risers, and branches.

5) Determine the average minimum pressure
in the street main and minimum pressure
required for the operation of the top most
fixture. This should be between 55 k Pa (8 psi)
to 172 k Pa (25 psi).
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6) Using the equation in Clause 7.1.2.1,
calculate the approximate pressure drop value
in 100 ft.

7) From the expected rate of flow and pressure
drop, size of pipes shall be determined as
mentioned in the ASHRAE 2005
Fundamentals (Chapter 36).

7.1.2.3 Sizing chilled/hot water pipes (closed
system)

The procedure recommended for sizing chilled
and hot water system suitable for air handling
units, fan coil units, radiators and plant room
piping is indicated, as a ready reckoner, in the
Pipe Size Chart mentioned in Table 2.
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TABLE 2 - PIPE SIZING CHART

S (i 10905 -Y Jgu

SIZE FAN COILS AT=10°F RADIATORS AT=20°F
o3t ks 08 55,
GPM FL MBH GPM FL MBH
;)5 |(FRICTIONLOSS)| i 15 5 S Kol ! S
akds Sl 61| s | e 3FT/100FT 9 &
3Ft/100Ft el VELOCITY el 5o
VELOCITY -
CaS FPS
FPS Al yo wed
asli jo wed
v 15 1.7 7.5 12 13 12
Y 32 2.0 16 26 1.6 26
" 6.3 23 31.5 5.0 13 50
A 14 2.8 70 1 23 110
14" 20 32 100 16 25 160
2 39 38 195 32 3.0 320
21" 64 43 320 52 34 520
3 12 5.0 560 92 4.0 920
4 240 62 1200 190 48 1900
5" 440 7.3 2200 360 5.8 3600
6" 750 8.3 3750 580 6.7 5800
8" 1600 10.2 8000 1300 8.2 13000
10" 3000 13.4 15000 2400 9.7 24000
12" 4800 13.6 24000 3800 10.8 38000
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7.1.2.4 Steam pipe sizing B Ay yhad s F-Y-)-V
It shall be determined by the following gdce et sl gl B o i3 sl by, b
procedures:

1) The initial pressure and the total pressure
drop shall be calculated between the source of
supply and at the end of return pipe.

2) The minimum velocity of steam allowable
for quiet and dependable operation of the
system (with consideration of the direction of
condensate flow) shall be determined.

3) The equivalent length of the run from boiler
or source of steam supply to the farthest
heating units.

4) With the rate of steam consumption known,
the pipe size shall be determined by referring
to the chart of ASHRAE 2005 Fundamentals
(Chapter 36).

7.1.2.5 Halocarbon refrigerant pipe sizing

a) For halocarbon refrigerant pipe sizing
reference is made to Attachment 9 (for
discharge and liquid lines) and Attachment 10
(for suction lines) of IPS-E-AR-180 standard.

b) The pipe types used for direct expansion
system shall be either K or L copper pipes,
suitable for interconnecting the complete
refrigeration circuit as follows:

- The hot gas discharge line connecting the
compressor to the condenser.

- The liquid line connecting the condenser to
the liquid receiver.

- The liquid line connecting the liquid receiver
to the cooling coil.

- The suction line connecting the cooling coil
to the compressor.
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7.2 Methods Distribution and Ol 59955 91s2 23395 s,y Y-V

Circulation

of Air

wlobo (39,0 4 1) l92 cgankae a0 9>ly b (53550 0300
tled e @i g Sulae

Central fan or unit air conditioning distribute and
circulate their air through:

i o] 5l e b3 8 an 4SS JUlS (I
D9 50

(53l 4,5 o JUIS -

a) Ducting, wherein the air is transmitted
through any of the following:

- Sheet metal ductwork;
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- Fiberglas duct board;

- Unplasticized PVC ducts.

b) Air outlet, devices, where distribution takes
place through various grilles, registers and
diffusers.

¢) Discharge plenum which is generally
integral part of a packaged unitary air
conditioning equipment.

7.2.1 Ducting

7.2.1.1 The recommended practice shall be
through rectangular fabrication on low velocity
arrangement not exceeding 10 m/s (2000 FPM).

7.2.1.2 High velocity system shall be for 15 m/s
(3000 FPM) and higher, wherein use of round
ducts are recommended. These round ducts
provide the following advantages:

a) Use of thinner gage material.
b) Exclusion of reinforcing braces.
¢) Creates less turbulence.

d) Requires less head room.

7.2.1.3 The common methods of air duct system
design which are recommended for use are as
follows:

a) Equal friction method

In this system the ductwork is sized for a
constant pressure loss per unit length of duct.
However higher airflow rates may require
velocity limitations to prevent objectionable
noise level. This method is the recommended
practice for design engineers.

b) Velocity reduction method

This method consists of selecting the fan
discharge velocity, then designing for
progressively lower main duct velocities at
each junction.

¢) Static regain method

In this method the static pressure increase
(static regain) at each take-off, offsets the
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pressure loss of the succeeding sections of
ductwork. This method is specially suited to
supply systems having long runs with many
registers and diffuser located at take-offs.
With this design procedure, approximately the
same static pressure exists at the entrance of
each branch, simplifying outlet selection.

d) Constant velocity method

This method is generally applied to exhaust
systems.

7.2.1.4 The duct sizing (supply, return and
exhaust) shall be conducted in accordance with
AMCA-500-D 2007 standard conforming to the
latest issue of NFPA pamphlet 90 A (standards
for installation of air conditioning and ventilating
system).

7.2.1.5 Based upon specified design method the
automated computerized duct sizing approach
through Auto cad are recommended for use. This
procedure shall be capable to perform an analysis
of trunk and run out lengths, fittings, run out air
quantities and noise program. (The duct design
method through Auto cad shall use the
methodology of the 2005 ASHRAE fundamentals
and the noise control calculations shall be based
on the 2007 HVAC system duct design published
by SMACNA.)

7.2.1.6 Any of the following traverse joints used
in ducting shall be considered:

- pocket or slip joint;
- Flanged or ’S’ slip joint;
- Sleeve or drive slip joint.

Note:

For types of various joints and its application of
use, reference is made to IPS-E-AR-160 and
relevant ASHRAE guidebook.

7.2.1.7 The following recommended fabrication
schedule for galvanized sheet metal ducting shall
be used, where applicable:
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DUCT WIDTH THICKNESS FLAT BAR ANGLE IRON SPACING AT
JUls e colbus SIZE (SLIP) (FOR BRACING) 55 alold
) Ao o jlusl Sl ool s
(o0 (pSoxiun!
Up to 5

76 cm | 0-6 mm (24ga) 2.54 cm (1") 2.5%2.5x3mmthick 4 Ft
107 cm | 0-8 mm (22 ga) 1.54 cm (1™) 3cm*3cmX3mm 4 Ft
137 cm | 0-8 mm (22 ga) 3.81 cm (1'2") 4cm*4emx3mm 4 Ft
157-214 ¢cm | 1-0 mm (20 ga) 3.81 cm (1'2") 4cmx4em*x3mm 2 Ft
244 cm | 1-:20mm(18 ga) 3.81 cm (1'2") 4cmx4emxSmm 2 Ft
Above 245 cm | 1-.20mm(18 ga) 3.81 cm (17%") Scmx5cmx6mm 2 Ft

7.2.1.8 Recommended minimum zinc coating
requirement on each standard 1000 x 2000 mm
galvanized sheets shall be per the following
schedule:

0.26 kg/m® (0.85 ounce per sqft) for 0.5 mm
thick sheets

0.315 kg/m® (1.05 ounce per sqft) for sheets
0.6 mm to 1 mm thick

0.375 kg/m® (1.25 ounce per sqft) for sheets
1.20 to 1.25 mm thick

7.2.1.9 Smooth transitions and long radius fittings
with properly sized take-offs shall be provided for
the duct system. The provision of splitter damper
near each take-offs (branch line) shall be made
where applications demand. All sharp 90° elbows
shall be provided with turning vanes.

7.2.1.10 Duct insulation

7.2.1.10.1 Thermal insulation shall be able to
retard the flow of heat energy and its materials
can be fibrous sheet or monolithic, open or closed
cell, or composite of these materials that can be
chemically or mechanically bound or supported.
It is provided for ducts to reduce heat leakage into
the air passing to the conditioned area or to
prevent condensation of moisture on the exterior
of the duct. The need for insulation shall depend
upon the peculiarities of each installation
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including provisions for fire protection.

7.2.1.10.2 The insulating material shall not cause
moisture absorption and be used on all ducts
running outside of building, on cool air supply
ducts running through unconditioned spaces, and
on ducts running through hot spaces such as
boiler rooms.

7.2.1.10.3 Insulation is optional on supply ducts
running through conditioned spaces, and not
recommended for return or exhaust ducts.

Note:

For type and material specification of insulating
materials, reference is made to IPS-M-AR-235.

7.2.2 Air outlet devices

7.2.2.1 The distributed air from the ducting is
circulated to the space through a properly
designed supply air outlets. Due consideration
shall be given to throw, drop, rise and spread on
air outlets’ capabilities.

7.2.2.2 Each outlets, grilles, registers and
diffusers shall have sponge rubber gasket around
it and shall be installed with a moth-proof
supportive wooden frame between the duct neck
and air outlets.

Note:

For additional information, on air outlet devices,
reference is made to IPS-E-AR-160.

7.2.3 Variable air volume (VAV)
7.2.3.1 General

7.2.3.1.1 The VAV system design can air
condition both perimeter and interior spaces. The
internal sensible cooling load in interior spaces
when occupied remains relatively constant the
year round, while the internal sensible load
(people, light,

perimeter spaces can require either heating or

solar and transmission) in

cooling depending upon the outside weather

conditions and the internal load.
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7.2.3.1.2 Conditioned air from the VAV terminal
units can be supplied to multiple T-Bar slot air
diffusers through flexible ductwork between the
terminal unit and the diffusers. The diffusers are
set over the T-Bar ceiling framework. Some
manufacturers provide integral diffuser with their
terminal unit (s). Control for conditioning an area
is achieved by the terminal unit (s) regulating the
amount of cool air entering the room through the
T-Bar slot air diffuser (s). The terminal unit shall
be equipped with motor controlled throttling
damper arrangement activated by a
thermostat to admit more or less air to the

room

conditioned space.

7.2.3.2 Types of airside system
7.2.3.2.1 Single supply air duct

The single supply air duct system (with single or
multizone air handling unit) are typical for VAV,
wherein the terminal unit modulates the supply
air volume. In this system the refrigeration and air
handling equipment are sized according to the
building block load, typically 15 to 20% less than
the sum of the peak loads. (For example one zone
may be at peak load in the morning while the
other may be at part load. The reverse holds true
in the afternoon yet the same amount of air would
be handled by the fan since the air not required by
one zone would be used for another).

7.2.3.2.2 Double duct

The dual duct operates as one for cold air and
another for hot air which are supplied through
mixture terminal unit. This system is available in
many variations but the common type supplies a
constant volume of room supply air by mixing
cold air and hot air, thus varying the supply air
temperature in response to room temperature.

Ducting design shall be based on velocity over 15
m/s and over 76 mm water (over 3000 FPM and
pressures above 3" water), where pressure and
power requirements are greater than those of the
conventional systems. As the duct velocity
increases, duct friction and total pressure
increases, requiring additional pressure at the fan.
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(Use of dual duct system is not recommended for
Iran.)

Note:

The recommended duct sizing method can also be
through low friction combined with static regain.
This method is capable to maintain the static
pressure relatively constant at all points in the
system, thus facilitating balancing, increasing
stability and providing for greater flexibility.

7.2.4 Methods of Filtering Air

7.2.4.1 Filtered air in air conditioning shall be
used to maintain a clean atmosphere in the
conditioned space. The concentration of
contaminants in the air and the degree of
cleanliness required in the conditioned space
determines the type of filters required.

Note:

For additional information on type of filters, its
selection method and air resistance capability,
reference is made to IPS-E-AR-160.

8. CENTRAL HVAC SYSTEM
8.1 General

The central HVAC system generally represent an
arrangement of equipment which includes air
conditioning through means of refrigeration, one
or more heat transfer units, room or space air
terminal units, pumping units, air filtration
assembly, a means of air distribution, an
arrangement for piping the refrigerant and heating
medium, and suitable controls to regulate the
proper capacity and function of these
components.

8.2 Refrigeration Machines

8.2.1 Common type of refrigeration machines,
classified according to their type of operation are
mechanical compression, absorption and vacuum.
Mechanical compression machines may be
divided into reciprocating, rotary and scroll types.

8.2.2 Methods for the measurement of unit sound
levels shall be based on ARI Standard 575-94.

8.3 Central Chillers

The two central chiller unit commonly used on
large commercial and industrial installations
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(preferably over 100 TR cooling capacity) are:

- Absorption water chillers (its condenser-
evaporator represents refrigeration cycle and
absorber-generator represents power cycle).

- Centrifugal water chillers (consists basically
of a centrifugal compressor, a shell and tube
cooler and a condenser).

8.3.1 Absorption chillers

8.3.1.1 The absorption machine which can be
fired by natural gas, oil, steam or even waste heat,
employs environmentally safe lithium bromide
with anti-corrosive inhibitor in the cooling
process has its cycle based on two principles:

a) Lithium bromide solution has the ability to
absorb water vapor.

b) Water as refrigerant, will boil or flash cool
itself, at low temperatures when it is subjected
to a high vacuum.

8.3.1.2 A direct fired preferably gas absorption-
type chilled hot water generator (also called
chiller-heater assembly) single or dual effect
factory assembled tested and installed on a
rugged steel base is a recommended updated
technology to be used on all large and major
installations. While providing round-the-year air
conditioning with one unit it saves machine room
space, requires lower initial investment, prevents
ozone depletion problem, reduces peak power
consumption and costs for electricity, operation

and maintenance are low.

8.3.1.3 To provide proper operation and eliminate
hazards, a suitable microprocessor technology
shall be wused. These should preferably be
supplied with microprocessor-based burner
control, lithium bromide control to prevent
crystallization, a bearing-wear monitoring system
on pumps with variable speed drives.
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8.3.2 Centrifugal chillers

a) These chillers have compressors which are
not constant displacement type; it offers a
wide range of capacities continuously
modulated over a limited range of pressure
ratios.

b) By altering built-in design items (including
number of stages, compressor speed, impeller
diameters, and choice of refrigerant), it can be
used in liquid chillers having a wide range of
design chilled liquid temperatures and design
cooling fluid temperatures providing much
faster cooling requirement for space than
absorption machines.

¢) Its ability to vary capacity continuously to
match a wide range of load conditions with
nearly proportionate changes in power
consumption makes it desirable for both close
temperature control and energy conservation.
Its ability to operate at greatly reduced
capacity makes for more on-the-line time with
infrequent starting.

d) Its capacity can be varied to match the load
by means of constant speed drive with variable
inlet guide vanes or suction damper control, or
a variable speed drive with the suction damper
control.

e) These machines are available in water
cooled or air cooled and classified by either
open or closed type of compressor unit,
operating with either direct or external power
sources through electric, steam or diesel
powered operation. Generally the evaporators
operate flooded and the flow control chamber
acts as the expansion device.

8.3.3
system

Combination centrifugal-absorption

8.3.3.1 In choosing an air conditioning system of
large tonnage, it is common practice to settle
upon either a steam absorption system or an
electric or steam driven centrifugal chiller.
However by using a combination of absorption
machine and steam turbine drive centrifugal
chillers, it may be possible to obtain a more
efficient system.
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8.3.3.2 The combination system provides lower
steam cost and operating cost. Also it has lower
heat rejection rate than low pressure absorption
requiring cooling
pumps, piping and wire sizes for the units’
electrical power. The centrifugal chiller can be
electric powered. When steam powered full load
steam rates of 10 to 12lbs/hr/ton can be obtained
with 896 kpag (130 psig) supply steam.

systems, smaller towers,

8.3.3.3 This combination for cooling load 700 ton
of refrigeration and above shall be applied on
ratio of 1:2 respectively (one centrifugal and two
absorption), for providing lower operating costs
modulated through control of steam and chilled
water circuits.

8.3.34 It is recommended that with one
centrifugal and one absorption combination
system, the piping for chilled water circuit should
be arranged in a series fashion where all the water
flow through the absorption chiller first and the
centrifugal chiller second. On such cases the
cooling water for the condensers shall be piped in
parallel.

8.3.3.5 In the event one centrifugal is to be
combined with two absorption chillers, arranging
of chilled water circuits in and out of the
combination shall affect the steam circuit and
flow. The principle recommended arrangements
are as follows:

a) Water in and out, in parallel with each of
the three machines handling separate load.
This arrangement is seldom used.

b) Water in and out in parallel but with a
common load and common  piping
connections. This arrangement is frequently
used.

¢) Water in and out of the absorption unit in
parallel, then in and out of the centrifugal in
series. This arrangement is commonly used.

d) Water in and out of all units in series. This
method is not in common use.
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8.3.3.6 Where stand-by applications are required,
it is recommended that capacity of each of the
three machines be evenly split into one-third of
the total load. Therefore should the centrifugal
chiller be shut down for some reason, the
remaining units could still handle two-third of the
total load.

Note:

For special applications, provision of stand-by
facilities shall be given due consideration.

8.4 Air Cooled Versus Water Cooled System
8.4.1 General

8.4.1.1 Depending on economic and operating
advantages, the selection of air cooled or water
cooled system shall be carefully evaluated. In
places where water is insufficient or expensive,
where a high ambient wet bulb temperature
exists, where cooling water pumping or water
cooling costs are uneconomical, water cooled
systems are not recommended

8.4.1.2 The air cooled system is applicable where
the ambient dry bulb temperature is below the
desired condensing temperature. On sites with
abusive conditions the air cooled condenser
specification must be protected with specific
metals and control requirements, other than
standard.

8.4.1.3 In general, air-cooled units are suitable
choice for wet bulb temperatures above 26.7°C
(80°F) and water cooled temperatures are suitable
choice for high ambient dry bulb with low
relative humidity.

8.4.1.4 Since both systems are exposed to sun,
wind, storm, rain, dust etc., a suitable site
location and structure away from any hindrances
shall be considered for economical operation

8.4.2 Condensing mediums

Any one of the following condensing medium
shall be considered for refrigeration equipment:
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I) Water-cooled based on well or city water. A
wet bulb temperature not less than the design
outside wet bulb shall be considered for the
selection of cooling towers.

II) Air-cooled, where the condenser air
temperature shall not be less than the design
dry bulb.

III) Evaporative condenser cooling, where the
condenser shall be selected for a wet bulb
temperature not less than the design.

8.4.3 Economic comparison

8.4.3.1 Economic comparison for the cooling
tower should include the initial cost, make-up
water facilities, wind velocity, blow down
facilities, piping length, water treatment, and the
overall available power supply.

8.4.3.2 The application evaluation on either air
cooled or water cooled system shall depend upon,
but not limited to, the following conditions:

a) Ambient dry bulb and wet bulb
temperatures.

b) Quantity and quality of available water.

¢) Available space for installations.

d) Component replacement facilities.
e) Operating pressure limitations.

f) Wind and storm velocity.

g) Initial and shipping costs.
h) Noise environmental vibration limitations.
i) Maintenance and operating costs.

j) Site corrosive conditions.

Note:

On both systems the fabrication capabilities in
Iran shall be given due consideration and a
feasibility chart shall be compiled for
optimization, to try and make the designed
system fully perfect, functional and effective, cost
and efficiency wise.
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8.5 Chilled/Hot Water Piping

8.5.1 It is used in large air conditioning systems
where chilled/hot water flows through black
carbon steel pipes providing the cooling media
from the chillers through the pumps to the
terminal units and air handling equipment.

8.5.2 The following steps shall be considered in
the design of the chilled/hot water piping circuit:

1) Local building codes and ordinances shall
be studied and complied with.

2) Shut-off valves shall be provided at all
individual pieces of equipment to enable
normal servicing of unit without draining
system.

3) For remote room unit installations, the
reversed return piping system shall be used to
secure an inherently balanced system. A
properly designed constant flow control valves
can be used in lieu of reverse return system.

4) A dirt leg and blow-off valve shall be
provided on both supply and return risers.

5) All high points in the piping circuit shall be
properly vented to prevent air lock in the lines.

6) In systems designed for heating and
cooling, pipe expansion caused by the change
in water temperature shall be provided for.

7) Where noise is a factor, it is recommended
that water velocities in pipes up to 2" size
should not exceed 1.25 m/s (four feet per
second), and maximum 3.10 m/s in pipes from
25" through 8" including headers.

8) The total friction loss of the piping circuit
shall be carefully calculated to determine the
pumping head.

9) Where individual unit flow control or shut-
off is to be provided, by-pass or three-way
valves shall be used to limit system water
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pressures and provide adequate flow-rate
through the water cooler.

10) A properly designed closed or open type
expansion tank shall be provided for the
system.

11) All supply and return chilled/hot water
piping shall be insulated to prevent
condensation.

12) A strainer of at least 40 mesh per square
inch is recommended to be installed in the
piping circuit at the pump inlet.

13) Thermometers and pressure gages shall be
strategically located to aid in start-up and test
work and normal service checks. Necessary
tapping for testing, adjusting and balancing
(TAB) procedures shall be provided.

14) The maximum pump pressure or the
maximum pressure created by a static head
should not exceed the design working pressure
of the water cooler or the maximum pressure
ratings of the accessories.

8.6 Water Treatment
8.6.1 General

8.6.1.1 For proper and efficient operation of a
central HVAC system, adequate water treatment
facilities shall be provided for condenser water
and chilled water circuit. (For further
information, reference is made to ASHRAE 2007
Guidebook, Systems and Application, Chapter
47).

8.6.1.2 Besides chemical water treatment, modern
integrated circuitry and signal processing to
produce a demonizing effect for increasing the
solubility of minerals in the liquid can be used.

8.6.1.3 A fouling allowance of 0.044 m>.C° /kW
is included in manufacturer’s rating based on ARI
Standard 550/590-2003.
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8.6.2 Chilled water treatment

Limescale causes fouling in the chiller tubes,
reducing efficiency, increasing use of energy and
causing high head pressure. It is recommended
that a closed system treatment be added to the
chilled water, preferably nitrite-type inhibitor
which does not affect the pump glands, water
seals, chiller tubes or other types of commonly
used material.

8.6.3 Condenser water treatment

The condenser water circuit shall be either an
open one in the case of a cooling tower, or a once
through circuit in the case of well water. Treating
well water is not practical, but the water should
be analyzed for its scale forming potential,
including these caused by water from the chillers
draining down through the polyplastic fill. If this
analysis indicates that carbonate or other scale
build-up on the inside of the tubes can be
expected, the condenser shall be selected on the
basis of a 0.57 m”>.°C/kW (0.001 ft*.°F.h/Btu)
fouling factor.

Notes:

1) The water treatment for the cooling towers
and air handling units (even domestic water
supplies) shall be capable to control and
prevent legionnaires (pneumonic) disease
caused through the bacteria in the water which
lurks in the atmosphere (creating divesting
illness and death). Such water has been shown
to be a common habitat for this organism, and
research by ASHRAE aimed at improving
control and preventive measures are being
conducted.

2) To provide saving in energy, water,
chemical treatment and maintenance on large
installation, the suction and the pressure side
of the pump (on chilled/hot water and
condenser water circuits) shall be incorporated
with suitable sized centrifugal action filtration
system (separators) to remove particles as
small as 74 microns for one single passage,
and 44 microns if two separators are used.
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9. EQUIPMENT SELECTION GUIDELINES
9.1 General

9.1.1 The calculated net capacity shall be based
on individual manufacturer’s tables, charts and
performance curve conforming to certified ratings
of ARI, AHAM*, AMCA, CTI*, NEC*, etc.
Necessary correction factors shall be applied
wherever deemed essential.

9.1.2 In selecting types of relevant equipment,
careful consideration shall be given to its
feasibility of wusage, initial cost, available
facilities such as necessary spare parts and
performance guarantee in Iran and the owning
and operating cost.

9.1.3 Since each manufacturer has different
selection procedures, hence the overall selection
method shall be based on procedures outlined by
individual  manufacturer. The  procedures
mentioned in this Standard shall therefore be
considered as recommended guidelines.

Note:

The description on selection procedures covered
in this Standard are based on conventional
method suitable for locations devoid of computer
facilities. Computation methods shall be used
wherever computer facilities are available.

*AHAM Association Of Home Appliance
Manufacturers

*CTI Cooling Tower Institute

*NEC National Electrical Code

9.2 Liquid Chiller Selection
9.2.1 General

9.2.1.1 These packaged water chillers operate
with broad class of positive displacement
compressors such as:

a) Reciprocating (open, hermetic or semi-
open type).

b) Rotary (rotating vane, scroll or rolling
piston type).

¢) Helical screw type.
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9.2.1.2 The packaged water chiller may be
available in any one of the following types:

1) Complete with water cooled condenser.

2) Complete with integrated air cooled
condenser.

3) For use with remote air cooled condenser
up to maximum 62.8°C (145°F)
condensing temperature.

9.2.2 Selection steps

9.2.2.1 Chilled water temperature leaving
machine

Chilled water temperature is selected during
system design. A considerable range of choice
exists for comfort conditioning applications. A
higher chilled water temperature permits a more
economical machine selection but generally
results in more expensive airside equipment. On
the other hand, low chilled water temperature
allows a higher water temperature rise thorough
airside coils, less water is pumped and pump
horsepower and piping costs are reduced.

9.2.2.2 Chilled water quantity and range

9.2.2.2.1 Refrigeration capacity and chilled water
range fix quantity of water to be circulated in
accordance with the equation:

Chilled Water M> / hr =

GPM =
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Kcal/hr(cooling effect)

1000 x chill water range (oC)
Btu/ hr (coolig effect)

9.2.2.2.2 A system should be designed for
constant water flow through the cooler. Either
three way control valves or two way control
valves at the cooling coils with an automatically
controlled pump bypass shall be used.

9.2.2.2.3 Careful consideration must be given in
selecting design ambient. For instance, air
temperature above a roof is frequently 3°C above
recorded design dry bulb temperatures.
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9.2.2.2.4 The minimum outside air temperature at
which the system will be operated must also be
determined. Air cooled condensers used with
chillers must always be provided with discharge
damper head pressure control.

9.2.2.3 Fouling factors

9.2.2.3.1 Rating tables shall include an allowance
for a 0.0005 fouling factor in the cooler and water
cooled condenser. The chilled water circuit is
closed and there should be no need to increase the
fouling factor for the cooler. However, if a 0.001
cooler fouling factor is desired, multiply
manufacturer’s table capacity by 0.97 and table
kilowatts by 1.03, or follow manufacturer’s
instructions.

9.2.2.3.2 When well or river water is used for the
condenser, a 0.001 condenser fouling factor may
be desirable. In this case, multiply manufacturer’s
table capacity by 0.97 and table KW input by

1.03 or follow manufacturer’s instructions.

9.2.2.4 Interpolation

Manufacturers generally permit interpolation
within their published ratings but extrapolation is
not permitted.

9.2.2.5 Condenser water range

A 5.5°C condenser water range is generally
considered as the best compromise between the
most economical cooling tower and chiller
selection. Exact flow rates for a temperature
range are given in manufacturer’s rating tables at
each selection point providing m*/hr (gpm) and
capacity multipliers for different ranges.

9.2.2.6 Condenser temperature and head
pressure control

9.2.2.6.1 Entering condenser water temperature is
fixed by climatic conditions or temperature of
available water sources. If a cooling tower is used
condenser water 4°C above ambient wet bulb is
obtainable. In many parts of the world where
design wet bulb is 25.5°C a properly sized tower
will provide 29.5°C condenser water.

9.2.2.6.2 For proper operation of a water cooled
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chiller it is necessary to maintain leaving condenser
water temperatures no lower than 30°C. This means
that condenser water range and entering water
temperature may require control at part load
conditions. Where condenser water is supplied from
a cooling tower, the most commonly used method of
control is to cycle the cooling tower fan when the
outside temperature is below design conditions in
order to maintain satisfactory entering water
temperature.

9.2.3 Selection procedures
9.2.3.1 Water cooled

9.2.3.1.1 Establish machine requirements as follows:

- Cooling capacity in KW (TR);

- Chilled water temperature leaving cooler;
- Chilled water range;

- Chilled water pressure drop;

- chilled water quantity;

- Cooler fouling factor;

- Water temperature entering condenser;
- Water temperature leaving condenser;
- Condenser fouling factor;

- Electrical characteristics.

9.2.3.1.2 Select and determine from

manufacturer’s rating tables:

- Unit capacity, chilled water flow, brake
horse power;

- Cooler and condenser pressure drop.

9.2.3.2 Air cooled

9.2.3.2.1 Establish machine requirements as
mentioned in Clause 9.2.3.1.1 including
maximum and minimum outside temperature at
which system will run.

9.2.3.2.2  Select and determine  from
manufacturer’s rating tables per Clause 9.2.3.1.2.

9.3 Absorption Chiller Selection
9.3.1 General

9.3.1.1 The absorption water chiller and the
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mechanical compressor water chiller accept heat
to evaporate a refrigerant at low pressure in the
evaporator, thereby creating cooling effect. They
condense the vaporous refrigerant at higher
temperature in the condenser.

9.3.1.2 The absorption and compression cycle
function similar, taking low pressure refrigerant
vapor from the evaporator and delivering high
pressure refrigerant vapor to the condenser is the only
difference being in the method of transporting the
vapor from the low to high pressure side.

9.3.1.3 In an absorption machine lithium bromide
(LiBr) salt solution is the agent and water acts as
refrigerant.

9.3.1.4 The two basic limitations in the
absorption chiller application is the temperature
limitation of leaving chilled water being above
4°C (40°F) and the critical balance of solution
concentration in the cycle.

9.3.1.5 The fouling factor requirements in the
evaporator and condenser shall be based on ARI
standard 560-2000.

9.3.2 Selection procedures

9.3.2.1 Since each manufacturer have different
selection procedure for steam and hot water
absorption machines, hence selections shall be made
per steps outlined by individual manufacturers

9.3.2.2 The following data shall be provided to
the manufacturer for proper unit selection
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Voltage, Hertz, Phase

11. Electricity for controls/pump motors

5B 5 sl ey sloygige o8 G V)

Indoor or outdoor 12. Installation location
Sleslo 5 b bl 5l i oo -\ Y

Size/ Class/ Rating 13. Nozzle arrangement
4z 50 foo [0l 3L il T-1Y

14. Options or special features
L3 ogase wlabi -\ ¥

9.3.3 Application limitations

Design parameters for using absorption chillers
shall be based on following limitation.

1) Min. leaving chilled water temperature

(Cales) 6 a0 £+ o Szl az o FI0

2) Max. Entering cooling water temperature

(Calgs )b ax 10 AYYY) o Kile ax o Y

3) Max. Inlet steam pressure at the generator

s HLd mpe el eSSl VD

4) Min. inlet steam pressure at the control valve

UV LI VSRS OULH IS VL A

5) Max. Inlet steam temperature at the control valve

(Colys, 8 az 0 YYA) ol Lol a0 VY.

6) Max. Leaving condenser water temperature

(Colgs )b az o 1+ F) ol Ssle az o -

Notes:

1) Some manufacturers’ absorption machines
may be capable to operate without a cooling
tower bypass valve up to minimum 15°C
entering condenser water temperature.

2) It is recommended that the chilled water
leaving temperature be limited between 6.7°C
(44°F) to 7.8°C (46°F)
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9.4 Centrifugal Chiller Selection
9.4.1 General

9.4.1.1 From a thermodynamic stand-point the
centrifugal refrigeration cycle is identical to the
vapor compression system operating with
reciprocating compressor with only difference in
means of compressing the refrigerant.

9.4.1.2 The centrifugal machine is a variable
displacement with one or more impellers,
spinning in specifically formed housings that
impart centrifugal force to the gas. The velocity
energy resulting from this centrifugal force is
then converted to pressure.

9.4.1.3 They handle large volumes of refrigerant
gas and are commonly available in capacities
over 100 tons of refrigeration. Its compressor
uses treated halocarbons refrigerants with varying
physical properties.

9.4.1.4 The fouling factor in the evaporator and
condenser shall be based on ARI Standard and
the performance in these machines shall be rated
in accordance to ARI 550/590 and service access
shall be per ASHRAE 15-2007, and NFPA 70
(NEC). The factory insulation on the evaporator
shell shall conform to UL standard 94
classifications 94 HBF.

9.4.2 Selection procedures

a) Establish cooling capacity in kcal/hr and
chilled water range in cubic meters per hour to
be circulated in accordance with the following
equation. (The system shall be designed for
constant water flow through the cooler).

03l 355 Yz il -4
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Chilled Water M® / hr =

or

Btu/hr (cooling effect)
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b) Condenser water temperature entering
machine shall be determined. This is done by
site ambient temperature and available water
sources such as city, wells or rivers. When
using cooling tower, the entering condenser
water temperature shall be minimum 4°C
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above ambient wet bulb temperature.

¢) The condenser water range shall be
calculated according to equation mentioned in
item (a) above.

d) From manufacturer’s table determine
fouling factor allowance. Unless special
conditions exist a fouling factor of
0.001.ft>.hr.°F/Btu is adequate for both cooler
(being a closed circuit) and condenser when
city water is used.

e) It is recommended that for every one point
increase in the fouling factor for the cooler,
the desired machine selection shall be based
on 1°C below actual (design) chilled water
temperature and for the condenser on 1.5°C
above actual design condenser water
temperature.

f) From manufacturer’s tables, select number
of condenser and cooler passes within the
calculated chilled (item a) and condenser (item
¢) water range. Maximum number of passes
provide for greater efficiency.

g) From manufacturer’s chart check the
pressure drop in the cooler and condenser
within velocity limitation in (m/s) tube
velocity.

h) Interpolation between chilled water
temperature, condenser water temperature and
chilled water range are generally permissible.

Note:

Experience has shown that a 5.5 to 6°C condenser
water range is generally recommended for
obtaining most economical cooling tower and
machine selection.

9.5 Air Handling Unit Selection

9.5.1 The proper selection of an air handling unit
is conducted through the conditions entered in the
psychometric chart.

9.5.2 For the selection of these units the air
volume, ambient conditions, inside design
conditions, total load and sensible cooling load
shall be available for coil selection. The sensible
load shall be divided by total load to obtain the
sensible heat factor.
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9.5.3 The following known data shall be
furnished to the manufacturer:

I) Operating conditions:
- Air inlet conditions:

DB/WB

- Air outlet conditions:
DB/WB

- Chilled water entering temp.:

°C/°F
IT) Capacity requirements:

- Total air volume m’/hr(cfm)

(Circulated plus fresh air)

- Fan total static pressure "WG

- Cooling coil capacity Kw (MBH)
- Chilled water flow L/S
(USGPM)
- Fan motor BHP

III) Correction factors (Derivation of air
constants if other than sea level).

9.5.4 The air handling unit shall conform to
certified ratings of ARI Standard 430. The coils
used in conjunction with the air handling unit
shall be certified in accordance with ARI
Standard 410.

9.6 Fan Coil Selection

9.6.1 The required room sensible cooling capacity
is usually the basis for selection of a fan coil unit;
however total cooling capacity should be checked
to ensure that the selection will meet all
conditions of service.

9.6.2 For cooling, the unit is usually selected at
fan high speed; however except for extreme
conditions a unit so selected shall meet room
conditions at normal or slow fan speed.
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9.6.3 The manufacturer’s cooling capacity tables
allow for interpolation between flow rates, water
temperatures and air  temperatures, but
extrapolation is not recommended.

9.6.4 From capacity tables, multiply the rating
obtained from high speed table by cooling
capacity multiplier to obtain ratings at other
speeds. Manufacturer’s tabulation also provides
fan capacity in cfm at various speeds and external
static pressure.

Note:

To prevent motor overload, a minimum static
pressure loss in filters, grilles, plenum etc. are
generally foreseen by the manufacturer.

9.6.5 The data required for proper selection shall
be as follows:

- Entering air temperature;

- Available water temperature;
- Sensible load;

- Total load;

- Type of discharge and mountings.

9.7 Air Induction Unit Selection
9.7.1 General

9.7.1.1 In an air induction terminal unit air and
water are two Medias used to handle the total air
conditioning job to be done.

a) Air

Only a relatively small volume of air is used.
This air, called Primary air, provides
ventilation, dehumidifying or humidifying
capacity, plus the motive power at the room
terminal unit for effective distribution in the
conditioned space.

b) Water

The water flowing through the terminal unit
coil does the sensible cooling job-that of
offsetting sun load, plus heat generated within
the space by people, lights, or other internal
sources.
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9.7.1.2 Central apparatus

Centrally located equipment provides the air-
induction units with air and water at the proper
conditions. Since air is distributed at relatively
high velocity, a minimum of space is required for
the duct distribution system.

Notes:

1) Maintenance is centralized remotely from
the conditioned spaces since the air-induction
units contain no moving parts.

2) For further information on induction units
and its capacity curve on cooling-heating
functional mode, reference is made to relevant
ASHRAE Application Guidebook.
9.7.2 Selection procedure
The  following  selection  procedure s
recommended:
1) System parameters shall be established as
follows:
a) Application.
b) Total cooling load.

¢) Ventilation requirement.

d) Maximum nozzle pressure.

e) Room temperature.

f) Primary air temperature.

g) Entering water temperature-cooling.
h) Entering water temperature-heating.
i) GPM.

2) For cooling selection

a) Calculate the primary air cooling capacity.

b) Required cooling capacity of the coil (by
subtracting the primary air cooling capacity
from the total cooling load).

¢) Capacity curve between entering air and
entering water.
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d) Select the smallest unit (normally with a
1-row coil) which will meet the requirement
of capacity, nozzle pressure and noise level.

e) Determine the secondary water pressure
drop.

3) For heating selection Proceed with the
above procedure and calculate heating
capacity by multiplying the cooling curve
capacity by the rates of delta T (heating -
between entering air and entering water which
is generally maintained at 13.9°C (25°F) delta
T).

4) For gravity heating

Adjust the hot water temperature during
unoccupied periods of space.

Note:

Reference is made to individual manufacturer’s
capacity curves for proper selection procedure.

9.8 Cooling Tower Selection
9.8.1 General

Psychrometry is a subject relating to the
measurement of atmospheric conditions, and in
particular, the moisture content of air. Since most
of the heat lost by the water in a cooling tower is
absorbed by direct contact with ambient
atmospheric ~ air, some  knowledge  of
psychrometry and thermodynamic is desirable.

9.8.2 Selection procedures

The data required for the cooling tower selection
shall be as follows:
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a) Ambient wet-bulb temperature (W.B.T) °C (°F)
Lo ogb o ol sles (A sk e Sl az o (Cald 6 az o) o Sl az o
b) Circulating water flow rate (LPM) (GPM)
oS e ol o (@ (aids o ;) aibs o
¢) Outlet water temperature (C.W.T) °C (°F)
o ol sl (g KYVRI PES (Colgs )b ax,0) of Ktlo a0
d) Inlet water temperature (HW.T) °C (°F)
99,5 w1 sles (& P PP (aleg )b ax o) ol Kol a0
¢) Heat rejection load (capacity) Q) kcal/hr (BTU/hr)
(o8 b) ol > ads L (= Lo,s (el yo g 5 (o) celo o 5, J56LS
f) Noise allowance dB (A)
Slxe v 5 e Glie (g (A) Jr o=
g) Electrical characteristics cycle , voltage , phase
S Slasis (5 56y« S
h) Location
J= (T
i) Water quality
ol cwas (b
9.9 Pump Selection oy oLl 4-9
9.9.1 Types Elgil 1-2-1

Common types of centrifugal pumps used in the
HVAC&R industry are:

a) Close coupled end suction pumps.

b) Base mounted end suction pump with
flexible coupling.

¢) In-line pumps or circulators.

d) Vertical or horizontal split case single or
multi - stage.

e) Vertical or horizontal single or double -
stage turbine pumps.
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Notes:

1) All centrifugal pumps shall be with volute
casing.

2) The number of impellers indicates the stage
characteristic of a pump.

3) For construction description of pumps
reference is made to [IPS-M-AR-225.
9.9.2 Selection procedures

9.9.2.1 For proper selection of pumps the
following information shall be required:

- Maximum flow in system.

- System head at maximum flow.

- System operating pressures and
temperatures.

- Pump environmental conditions including
ambient temperature.

- Electrical current characteristic and RPM.
- Electrical service starting limitations.

- Special electrical control.

- Location

- Water quality.

9.9.2.2 Pumps shall be selected from
manufacturer’s performance curves on 50 Hz
operation. The prime objective in the selection
approach shall be efficiency, quiet operation,
lowest initial and operating costs and close
conformance to actual needs.

9.9.2.3 The selection of pumps shall take into
consideration the changes of flow in the system
and the point of operation of a pump on its head-
capacity curve.

9.10 Cooling Coil Selection
9.10.1 General

9.10.1.1 Coil circuiting is based on air and water
counter flow where water enters on the leaving
air side and leaves on the entering air side. These
must be properly installed in order that ratings are
met.
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9.10.1.2 Coil circuiting should be selected to
produce a water velocity as high as permitted by
pressure drop limitations. A pressure drop of 6 to
10 meters of water is generally not considered
excessive.

9.10.1.3 Entering water temperatures should be at
least 3 to 4°C below leaving air dry bulb. In order
to keep required system GPM to a minimum, it
may be desirable to design for a water rise
through a coil in excess of 6°C. Water
temperature rise can be varied from one coil bank
to another within a system for best overall

performance.

9.10.1.4 Normal air face velocities used are
between 2 to 3 m/s (400 and 600 ft/s). Moisture
carry over depends upon three factors-fin spacing,
face velocity, and the degree of condensation.
Since the degree of condensation varies with
entering air conditions, it is advisable to select a
conservative face velocity so that carryover does
not become a problem regardless of entering air
conditions.

9.10.2 Selection procedures

9.10.2.1 To select a coil, the following
information must be determined from system
requirements:

a) Air quantity to be cooled.

b) Entering air wet bulb and dry bulb
temperature.

¢) Total cooling load to be handled by the
coil.

d) Entering water temperature.

e) Water temperature range (outlet minus
inlet).

f) Maximum allowable face velocity across
coil in m/s (FPM).

g) Coil pressure loss

h) Water flow rate
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9.10.2.2 Select coil size from manufacturer’s
table by determining approximate face area
required and space limitations.

9.10.2.3 Calculate required Kw (MBH) per
square meter (square feet) of face area.

9.10.2.4 Calculate water flow rate and determine
sensible heat capacity of coil, air resistance
through coil and water pressure drop.

9.11 Heating Coil Selection

9.11.1 General

9.11.1.1 Like the cooling coil, heating coils are
based on air and water counter flow. Therefore
these must be properly installed in order for the
ratings to be met.

9.11.1.2 Coil circuiting should be selected to
produce a water velocity as high as permitted by
system pressure drop limitations.

9.11.1.3 Water temperature should be as high as
practical to permit a greater water temperature
drop and reduced water flow. While a 20°F drop
is often used a 40°F drop will have gpm with
negligible effect on coil surface. Sometimes water
temperature is a function of the outdoor
temperature and is changed by the control system
as outdoor temperature varies.

9.11.1.4 Recommended face velocities are
between 3.5 to 4.5 m/s (700 to 900 fpm). Higher
velocities may be used keeping in mind airside
static pressure drop limitation.

9.11.2 Selection procedures: (hot water)

9.11.2.1 To select hot water heating coil, the
following information must be determined from
system requirements:

a) Quantity of standard air to be heated.
b) Entering air db temperature.
¢) Leaving air db temperature.

d) Entering water temperature.

e) Water temperature range or drop.
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f) Desired coil face velocity in m/s ( fpm).

g) Heating load

h) Dimension limitation

9.11.2.2 Clauses 9.10.2.2 through 9.10.2.4 shall
apply.

9.11.2.3 Determine total water pressure drop by
adding water pressure drop through tubes from
manufacturer’s table. Apply correction factors
where required.

9.11.3 Selection procedures: (steam)

a) To select a steam coil, the steam pressure,
entering air temperature, face velocity and
required minimum leaving air temperature
must be known. If heat load is given instead of
leaving air temperature, use the following
relationship:

. . Heating load
Quantity of air = g

1.08 x Temperature range

b) Obtain adjusted air temperature rise for
actual steam pressure and entering air
conditions:

Adjusted temperature rise (TR)
Specified TR

Factor from chart

¢) Pick coil fin spacing from manufacturer’s
chart.

d) The amount of liquid that flashes to steam
can be calculated as follows:

% FlashSteam =

Where:

hy;= enthalpy of liquid at pressure p;
hy, = enthalpy of liquid at pressure p;

hi.= latent heat of vaporization at pressure p
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e) Find air resistance from manufacturer’s table.

9.11.4 Altitude corrections for coils

9.11.4.1 Manufacturer’s data and calculations are
based on standard air that is 1.2 kg / m® at 21°C
(0.075 Ibs per cubic feet at 70°F). Conditions
other than those for standard air will give
incorrect results unless proper corrections are
made.

9.11.4.2 Normally it is not considered necessary
to correct conditions for altitudes under 606
meters (2000 feet). Refer to manufacturer’s
altitude and temperature correction chart to obtain
actual coil capacity at altitude conditions.

9.12 Condensing Unit Selection

Following information shall be provided to the
manufacturer for proper unit selection:

- Total cooling load;
- Outside ambient temperature;
- Required heat rejection capacity;

- Condensing temperature;

- Type of compressor and refrigerant gas;
- Required suction temperature;
- Coil air resistance;

- Corrosive atmosphere.

Note:

Refer to manufacturer’s selection tables and
interpolate whenever necessary. Extrapolations
are not recommended.

10. REFRIGERANTS
10.1 General

10.1.1 Since the status of present refrigerant gas
represent an industry in transition responding to
external forces, product and market categories are
being identified and their technical option

outlined, it is imperative that design engineers be

introduced to these changes. Also the future
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prospect represents promising new materials
which can assist the design engineer in the

selection of suitable compressor and chillers.

10.1.2 In order to make the right choice when
making a selection on ideal refrigerant, it is
recommended that the performance ratings of
each refrigerant should be compared as indicated
in Table 3.
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TABLE 3 - COMPARATIVE REFRIGERANT PERFORMANCE RATINGS ®

o s 1o )5 6l dmnglio sl &5 —F Jgon

E " Net Specific
vaporator Refrigerant iqui
. Condensing . Refriger . y Liquid Volume O,f Compressor Horse power Coefficie Temperature
Pressure Ratio Of i Circulated Circulated  Vapor 5F Per Ton e
Refrigerant . Pressure * ating Per Ton Displacement nt of of
At5'F ) CO“_‘Pl’e' Effect Per Ton (per (149 C) Per Ton (KW Per Performa Compressor
Sy At 86'F  ssion Btulb  (per KW) KW) \ kW) nce Disch
(-14.9'C) ; (Ki’kg)  {b/min (g/s) In’/min (mls) Fe/b (per KW) hp/ Ton enaree
(29.7C) ? (L/g) Cfm (L/s) oyl F(C)
Psig (KPag) W15 (KW/KW) s
_ Psig (KPag) . L 5.5 mole gl sl o sl @ © cles
pRgEe A S moFeme S & pyas 28 5l e T 6
.. Az s 5 ) 25007585 o 29 y0S
sussS Sy o ° ¢ s g v
Refrigerant 11 24.0* 3.6 6.24 67.5 2.96 56.0 12.27 36.32 0.935 5.04 112
Trichloromonofluor (610)** (24.8) (157) (6.36) (4.35) (0.766) (0.871) (0.198) (44.0)
omethane
945 65N oo
REEStL
Refrigerant 12 11.8 93.3 4.08 50.0 4.00 85.6 1.46 5.83 1.002 4.74 101
Dichlorodifluoromet  (81.4) (643) (116) (8.60) (6.64) (0.091) (0.782) (0.212) (38.0)
hane
$2945 WV om0
Ol 9,99918
Refrigerant 22 283 159.8 4.06 69.3 289 68.0 1.25 3.60 1.011 4.64 131
Monochlorodifluoro-  (195) (1102) (1e1) (6.21) (5.78) (0.078) (0.483) (0.214) (54.5)
methane
&3 9590 VY 80
Ol 9,99918
Refrigerant 113 27.9* 13.9* 8.02 53.7 3.73 66.5 27.04 100.76 0.960 4.92 86
Trichlorodifluoro- (709)%* (353)** (125) (8.02) (5.16) (1.68) (13.512) (0.204) (29.7)
methane
60 945 G FNY om0
Ol 999918
Refrigerant 114 16.1* 22.0 5.42 43.1 4.46 89.2 4.22 19.59 1.015 4.64 86
Dichlorodifluoro- (409)** (152) (100) (9.98) (6.92) (0.263) (2.627) (0.215) (30.8)
methane
6° 985 60 WF o
ol ygigld
Refrigerant 114, 15.6* 227 5.33 43.0 4.65 88.7 4.04 18.78 1.025 4.64 88
Dichlorodifluoromet  (396) (156) (100) (10.0) (6.88) (0.252) (2.518) (0.217) (30.8)
hane
&0 945 60 WPy om0
ol it
Refrigerant 500 16.4 1134 4.12 61.2 3.27 79.3 1.52 4.97 1.011 4.66 105
Asotropic of (113) (782) (143) (7.03) (6.15) (0.094) (0.666) (0.214) (40.2)
Dichloro-
defluoromethane
Sl gl Bov 350
9389915 59 9,5 60
ol
Refrigerant 717 19.6 154.5 4.94 474.4 0.422 19.6 8.15 3.44 0.989 4.76 210
Ammonia (135) (1065) (1105) (0.907) (152) (0.508) (0.461) (0.210) 97.9)

SLigel VIV 500
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* Inches of mercury below one atmosphere.

**  Millimeters
Atmosphere.

(a) Calculated values based on 5°F (-15°C)
evaporation and 30°C (86°F) condensing
temperature.

of Mercury below one

10.2 Properties

The requirements for desirable properties of a
good refrigerant shall be:

a) Low boiling point.
b) Safe, non-toxic and non-flammable.

¢) Easy to liquefy at moderate pressure and
temperature.

d) High latent heat value.

e) Operate on a positive pressure and stable
inside a system.

f) Have no effect on moisture and ozone.

g) Mix well and be compatible with oil and
lubricants.

h) Non-corrosive to metal and environmentally
benign even with respect to decomposition
products.

i) Abundantly available and easy to
manufacture, handle and detect.

10.3 Safety Group Classification

10.3.1 ASHRAE Standard 34-2007 defines
Safety Group Classifications for refrigerants
according to their toxicity and flammability.
Toxicity classifications are based on the
Threshold Limit Value and Time Weighted
Average (TLV-TWA) established for each
refrigerant. (Safety is defined as being free from
harm or the risk of injury or loss).

10.3.2 The designations for toxicity and
flammability defined in six possible combination
are shown in the matrix (something within which
something else originates or develops) as
indicated in Table 4.
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TABLE 4 - ASHRAE STANDARD 34-2007 REFRIGERANT SAFETY CLASSIFICATIONS

3 ymo ! goiaiiab ASHRAE 34-2007 5 yuiliw] —F Jso

Higher Flammability >
YL il cabls GroupA3 | Group B3
-§ :-.3‘ A3 69,5 B3 0q,8
Low?r Flammability ) E ;) Group A2 Group B2
Fomb Judlealls = A2 05,5 B2 04,5
o0 3
v j
No Flame Propagation e 7 Group Al Group B1
bl Lol gawy Jliil BB 2 Al 09,5 Bl 0.5

Increasing toxicity
0092 o ol !

¥ oml oo o Lower Toxicity

10.3.3 Refrigerants are assigned to one of the two
classes "A" or "B" and are based on the following
criteria:

a) Class A

Signifies refrigerants for which toxicity has
not been identified at concentrations less than
or equal to 400 ppm, based on data used to
determine Threshold Limit Value-Time
Weighted  Average  (TLV-TWA)  or
consistent indices.

b) Class B

Signifies refrigerants for which there is
evidence of toxicity at concentrations below
400 ppm, based on data used to determine
TLV-TWA or consistent indices.

10.4 Refrigerant Recovery and Recycling
10.4.1 General

Effective July 1,1992 EPA’s* "No Venting Law"
requires all contractors and owners to posses a
suitable refrigerant recovery and recycling unit
conforming to the requirements of ARI 740. This
approach is essential to minimize the CFC
contaminant level.

EPA’s: Environmental Protection Agency
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10.4.2 Contaminant level ool mbaw Y-F-1e
To comply with ARI 700-2004 (allowable ARI 700-2004 s lsbiwl b olKan 5 (0905 ale, slp
contaminant level in used refrigerant) standard, b 5 ol dle ol lowe

the physical properties of fluorocarbon oo (N5d Pl loope ;o (Fogll slre o)
refrigerants and the maximum contaminant level Qb O Jeuz b wb Sogll mlaw piSTas 5 0,5 65508

shall be as indicated in Table 5.

TABLE 5 - CONTAMINANT LEVEL

o o -0 Jgu
REFRIGERANTS
PHYSICAL PROPERTIES
. Lbé).,.n
S el
R11 R12 R13 R22 R113 R114 R500 R502 R503
Boiling point °F@ 29.9 in Hg
74.9 -21.6 - -41.4 117.6 38.8 -28.3 -49.8 | -127.6
oz 721 29.9 1o col b ax o Ghge alaiis
Boiling range °F for 5% to 85% by vol.
distilled
TN B0 5 Coles B ax o hem alais aisls 0.5 0.5 0.9 0.5 0.5 0.5 0.9 0.9 0.9
0l ,_.Ja.a.. 85 . gex>
Vapor phase contaminants air and other
noncondensables, max. % by vol.
ST e BB Ses olse g lsn ;;%‘ﬂ JENE - 1.5 1.5 1.5 - 1.5 1.5 1.5 1.5
= M)a
Liquid phase contaminants water-ppm by
weight
ey a3 2l 56l o Soyli 10 10 10 10 10 10 10 10 10
39
Chloride ION-NO turbidity to pass by test
- . Pass Pass Pass Pass Pass Pass Pass Pass Pass
oilejl bagi ol wol (S e S o
Acidity-Max. ppm by weight
1.0 0.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0
539 Ogeles )3 Cond Al Sl
High boiling residues-max. % by volume
) 0.01 0.01 0.05 0.01 0.03 0.01 0.05 0.01 0.01
Particulate/Solids-Visually clean to pass
) . Pass Pass Pass Pass Pass Pass Pass Pass Pass
PESRNTON AR ES A P
Other refrigerants-max. % by weight
) ) _ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
9w S - 503 sles e
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Note:

A-ozone friendly refrigerant same as R407c,
R410a and R134a- shall be used(see
attachment.9)

And only depended on purchaser approval mono
chloro-difluoromethane, called F22 or R22 may
used.

11. AUTOMATION AND CONTROLS
11.1 Automatic Controls
11.1.1 General

Applications of automatic control systems range
from simple domestic and commercial
temperature regulation to precision control of
industrial processes. Automatic controls can be
used wherever a variable condition must be
controlled. , That condition may be pressure,
temperature, humidity, or rate and volume of
flow, and it may exist in a liquid, a solid, or a gas.
In controlling these conditions, the most
important consideration is in the operation of the
controlling and the controlled devices.

Note:

For further information on automatic controls,
reference is made to ASHRAE 2007 Application
Guidebook, Chapter 41.

11.2 Actuators

11.2.1 An actuator is a controlled motor, relay or
solenoid in which the electric or pneumatic
energy is converted into a rotary, linear or
switching action. An actuator can effect a change
in the control variable by operating a number of
kinds of final control elements, such as valves
and dampers.

11.2.2 Pneumatic motors or actuators are
proportioning and modulating in action, that they
can assume any position between and including
both extremes, depending on the pressure of the
air delivered to them. To secure two-position or
on-off action, relays must be used to supply either
zero air pressure or full air pressure to the motor.

11.2.3 Electric motors are two-position, floating,
or proportional position. Some of these motors
are uni-directional and rotate through 360°, while
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others have a limited stroke and two directions of
travel.

11.3 Controllers

11.3.1 General

11.3.1.1 A controller is a device which (1) senses
and measures changes in the controlled variable,
and (2) uses an impulse received from sensing
and measuring the controlled variable to meter
energy of a form usable in the control circuit. The
metered energy actuates the control equipment
which then corrects a change or prevents a further
change in the controlled variable.

11.3.1.2 The sensing and measuring functions are
performed by the primary element of the
controller. The material and construction of the
primary element must be such that the primary
element will respond to changes in the controlled
condition. Electric and pneumatic controls use
essentially the same kinds of primary elements.

11.3.1.3 The primary elements of a typical
controller should have the capability to measure
the following:

- Temperature sensing primary elements
- Pressure sensing primary elements

- Humidity sensing primary elements

11.3.1.4 The controller takes the information in
either the form of temperature sensing or
humidity sensing. It gives command which can
turn ’off” and ’on’ the pilot lights, start and stop a
fan or provide overall heating or cooling as
required. Recent system allows personal
computers (PC) to be tied to the controller and
this PC can act as the customers’ window into the
system.

11.3.2 Controller mechanisms

11.3.2.1 The translation of the measured change
in the controlled variable into a form of energy
which can be used by the control system. In the
primary element, the measurement of the
controlled condition has been transformed into an
impulse. This impulse then acts on the controller
mechanism.
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11.3.2.2 In an electric controller the impulse from
the primary element is used to open or close an
electric circuit or set up a varying resistance in an
established circuit. For pneumatic controllers the
mechanism is usually a system of valves which
are opened and closed, or a vane which regulates
the air pressure to the final control element by
bleeding air to the atmosphere.

11.3.2.3 The mechanism of the controller is, in
effect an amplifier. This is even more apparent in
electronic control devices, as the sensing and
measuring functions are carried out in terms of
electronic energy and amplified by an electronic
amplifier.

11.4 Modes of Control

All automatic control systems do not employ the
same kind of action to accomplish their purposes.
The method by which a control system acts are
called "control mode", the commonly used of
which are as follows;

a) Two position control, which is further
divided into:

- Simple two-position control

- Timed two-position control

b) Floating control, which is further divided
into:

- Proportional plus reset control

- Direct digital control (DDC)

¢) Proportional control which may be
proportional or single speed.

12. BUILDING AUTOMATION AND
CONTROL INTEGRATION

12.1 Integration and Automation Control

12.1.1 Microprocessor based controllers should
be used to integrate communications through
centralizes monitoring and control of single or
multiple equipment rooms or fan systems. The
concept of multiplexing signals shall be used to
reduce the wiring and tubing requirement.
Through automation, this system provides means
of accessibility to control system.

12.1.2 Control panels tie the component mounted
microprocessor together over a local area network
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(LAN), so that overall system performance can be
monitored and controlled. The panels may
provide alarms when components fail or slip
beyond predetermined parameters which provide
significant diagnostic capabilities. (Manufacturers
are developing protocols to communicate with
building fire, security, elevators and lighting
control systems).

12.1.3 Integrating the automation and controller
functions improves the hardware utilization,
functionality and operator interface capabilities.
Therefore to increase the potential for providing
better environmental control, a typical building
energy management system (BEMS) in a building
should be  coordinated  with  relevant
manufacturers of controls.

12.2 Direct Digital Controls (DDC)
12.2.1 General

The first "D" in DDC can stand for two concepts:
Direct or Distributed. Direct (the definition
accepted in the industry today) signifies that
system devices are monitored and controlled by
digital electronics. Distributed control means that
system devices interact among themselves to
control a mechanical system, without reference to
an over-seeing device.

12.2.2 DDC and personal computers

As the power of personal computers (PCs)
increases and their cost decreases, DDC central
data gathering functions have migrated to an
affordable PC platform for nearly every market
segment. These central data gathering stations can
be of great use in the commissioning procedure.
Not only can they monitor physical data, but they
can also indicate whether or not a particular
application is behaving correctly. In addition,
they can supply the following diagnostic and
troubleshooting information, and document test
results.

- Trend logging
- Dynamic trending

- Command trace
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12.2.3 DDC commissioning stages

For DDC operation, the first stage of
commissioning involves testing, calibrating and
verifying the sensors and actuators installed on
the job. Verifying wiring terminations, checking
the placement of the sensors and actuators,
calibrating sensor reading against known values
and stroking actuators should be done before
DDC control loops are commissioned.

12.3 *Gateways’ to Integration

The integrated and automated control facilities
available with modern distributed intelligence
microprocessor based building automation system
(BAS) may include but not limited to, the
following:

- Plant alarm and status monitoring and
logging

- Optimization of boilers and chillers

- Optimum start/stop of heating and cooling
plant

- Security and fire alarm monitoring
- Plant maintenance scheduling

- Full DDC control loops

- Control of remote building via telephone

- Energy consumption logging

- Electrical load cycling and maximum
demand control

- Metering of electricity, gas, oil and water

- Lighting control

12.4 Communication Protocol Standards

12.4.1 A data communication protocol for
Building Automation energy management and
Control network (BACnet) procedures shall be
based on ASHRAE Standard *BSR/ASHRAE
135-P. The proposed BACnet standard defines
data communication services and protocol for
computer equipment used for monitoring and
control of HVAC and other building systems. It
defines an abstract object-oriented representation
of  information  communicated  between
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equipment, thereby facilitating the application
and use of digital control technology in buildings.

* BSR = Board of Standards Review

124.2 To develop mechanisms by which
computerized equipment of arbitrary function can
exchange information, regardless of the particular
building service it performs, the SPC 135P
(Standards Project Committee) recommends the
following four key components to the
development process required to be tackled:

a) How to represent the internal functioning
of a Vendors’ equipment in a common,
network-visible way, recognizing both
proprietary nature of Vendor’s internal design
and the diversity of functionality involved.

b) To agree on a set of common commands or
services that could be used between devices to
get them to carry out the functions of
distributed monitoring and control. (The
Standard currently provides 30 services in fire
areas: alarm and event services; object access
services; remote device management services;
and virtual terminal services).

¢) To agree how to encode the messages
defined above in a standard way. How the
messages should be represented as binary
zeros and ones on the communications media.

d) What network technologies should be used
to actually get the BACnet messages from one
device to another?

12.4.3 Computers used in the HVAC industry
have their own defacto standards. To define this
communications, the
(ISO)

proposed that manufacturers comply with Open

model for protocol

International ~Standards Organization
Systems Interconnect (OSI) model. This follows
the ISO recommendations for the provision of
"gate ways” to other networks. Within the LON
(Local Operating Network) protocol the OSI has

defined its workings in 7 layers (sub-task).
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ATTACHMENTS

(These Attachments are not part of this
Standard and are included for information
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ATTACHMENT 2
ZONING CLASSIFICATION PER
CLIMATIC CONDITION IN IRAN
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ATTACHMENT 3

SCHEDULE OF IRANIAN CITIES PER

ZONING AREA
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ATTACHMENT 3 (continued)
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Olied599
LT el
Ol
S o>
s
S
oS
2
4l e
Ol e

MESHKEEN SHAHR

MIYANDOAB
MIYANEH
NEISHABOOR
NOUSOOD
OSHNOVIEH
PAVEH
PIRANSHAHR
QAZVIN
QOOCHAN
RAVANSAR
REZAEYEH
ROODE HEN

<lgailes
ale
solis

Syl

AZADSHAHR
ASTARA
ASTANEH
AMOL

BABOL
BABOLSAR
BANDAR ANZALI
BANDAR TORKAMAN
BANDAR GAZ
BEHSHAHR
CHABOKSAR
CHALOOS
FOOMAN
GONBAD KAVOOS
HASHTPAR
KOLAK CHAL
LAHIJAN
LANGAROOD
MANIJIL
NEKA

NOOR
NOUSHAHR
QAEM SHAHR
RAMSAR
RASHT
ROOD-BAR
ROOD-SAR
SARI
SIYAKHAL
SOMEH SARA
TONEKABON

Sl e

oS Py

A @36

‘J...:a\m}..o

eools]
(|
Al
Jol
b
bl

FLEES

)P

el
)
JUSTS
99
6)L“’

s

(to be continued)
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ATTACHMENT 3 (continued)

(aolo) ¥ Cowgw
TYPE 4 - MILD & DRY TYPE 5 - MILD & HUMID
S g Jusize -F g9 wgbyo g Jouine -0 g9
SALMAS olebs
SANANDAJ it
SAQQEZ o
SARAB oo
SARDASHT CaS s
SHABESTAR s
SHAHIN DEJ 55 el
SHAHR-E-KORD 5,5
SHEERVAN Saes
TABRIZ Sy
TAKAB IS5
ZANJAN obs;
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ATTACHMENT 4 F Cowon
RECOMMENDED RATE OF HEAT GAIN o ) U L
FROM SELECTED RESTAURANT o Ll Wl 3 o oyl (2loyS 0 32 & 5
EQUIPMENT olygim
Recommended Rate or Heat Gain a , Btu/h
celo 33 92 55 o T 2oyS 0300 b osd o ¢ 5
Energy Rate .
Btu/h Without Hood With
. Hood
$3AES 392 ;9
390l
celv o 0 2
. Latent Sensible
Appliance Size Rated  Standby  Sensible _ Total _
" . o sk sk
Jilwg 031wl &5 S g glo S ) &=
ol e
Electric, No Hood Required
3gp (9N — (S
Blender, per quart of capacity o4 1550 1000 520 1520 480
. . to4 qt
(S35 o 102 ) 5 Ll a
Cabinet (large hot holding) , 7100 610 340 960 290
c . . L 16.2to 17.3 ft
(J)}'? 'a)S alrie) %K
Cabinet (small hot holding) s 3070 270 140 410 130
c 1 321064 ft
(SzsS p,5 alaioms) cagls
Coffee brewer 12 cups/2 5660 3750 1910 5660 1810
5looed  burners
Coffee brewing urn (large) per quart of capacity 2130 1420 710 2130 680
. i e . 23t040qt
(8,85 o 5 Cad)l) Sy 5l oged
Coffee heater, per warming burner L102 b 340 230 110 340 110
c to urners
Jrin o lil 4 (S5 05
Dishwasher (hood type chemical sanitizing), per 1300 170 370 540 170
100 dishes/h 950 to 2000
el s i)+ (i oot g5 090 piis O
Dishwasher (conveyor type water sanitizing), per 1160 150 370 520 170
100 dishes/h 5000 to 9000
el s i+ (itlage ol i ans g upe,p CSDES/M
Display case (refrigerated) per 10 ft* of interior 6 1o 67 £ 1540 617 0 617 0
. . . to t
P oo D9 e (g Sl
Food warmer (infrared bulb) per lamp 850 850 0 850 850
. . o . 1to 6 bulbs
oY dlasl s p (Go,d gole Clo) i S S
Food warmer (well type), per cubic foot of well s 3620 1200 610 1810 580
e . 07to251t
(Gloyo> g45 5D 138 56,5
(to be continued) (3,13 aals)
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ATTACHMENT 4 (Continued)
(a0ld) ¥ Camwguy

Recommended Rate or Heat Gain a , Btu/h

OV W B R | PC VR TR TP O

Energy Rate

Btu/h Without Hood With
. Hood
sisles og8 (yau
390
celw o 9 J 2
Latent Sensible
Appliance Size Rated  Standby  Sensible _ Total _
o~ .. Y ks
Jlwg o3ludl [ S wgwxo gl S : o
ol T
Freezer (large) (S5 Hm 3 4570 1840 0 1840 0
7.3 ft
Griddle / grill (large) per ft* of cooking surface ) 9200 615 343 958 343
. .  46t011.8ft
Sy ghv @y O e 5 OLS T Seke
Hot plate (high speed double burner) 16720 7810 5430 13240 6240
Ice maker (large) 3720 9320 0 9320 0
- . 220 1b/day
(5,25l
Microwave oven (heavy duty commercial) 0.7 £ 8970 8970 8970 0
. At
Ol e )b b 6l &5 5 299,500 3l
Mixer (large), per quart of capacity ol 94 94 0 94 0
L e . t
DS iy by (S5 oS gl 0
Refrigerator (large), per 10 ft of interior space 5 753 300 0 300 0
. - . 25to74ft
aSle D8 V¢t e (S)5) s
Rotisserie 300 10920 7200 3720 10920 3480
ols,S a>9>  hamburgers/h
Serving cart (hot), per cubic foot of well s 2050 680 340 1020 328
; .. o s . 1.8t03.2 ft
%&prﬁm(f;) u’_aL:» N
Steam kettle (large), per quart of capacity 300 23 16 39 13
. PR . 80 to 320qt
©y85 w2 Syl (Bl 65
Toaster (large pop-up) 18080 9590 8500 18080 5800
_ ) 10 slices
(S5 oS abp b
(to be continued) (3,13 dnlsl)
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ATTACHMENT 4 (Continued)
(a0ld) ¥ Camwguy

Recommended Rate or Heat Gain a , Btu/h

ccli 3 91 (5 (2 T s2lo S 0 e b oo o £

Energy Rate

Btu/h Without Hood With
W s Hood
$3A1ES o9 (3 syn b
celw o g J 2
Latent Sensible
Appliance Size Rated  Standby  Sensible _ Total _
o .. . sl s
Jilog o5l Cs Sa prgeme sl S . &
ol e ]
Electric Exhaust Hood Required
Iso Z9,> Sy 092
Charbroiler, per linear foot of cooking surface . 11000 9300 2800
. L ) 2 to 8 linear ft
Sy e e D98 o JE5 5 LS
Fryer (deep fat), 48000 2900 1200
. . 35 to 50 Ib oil
(Gl oy, e, L) oS & e
Fryer (pressurized), per Ib of fat capacity 1565 59
. e es ) 13t0 33 1b
Oven (large deck baking with 537 ft’ decks), per 1670 69
cubic foot of oven space 15 to 46 ft
e Sgd ez p Syl (0l olxlx) Gl
Oven (small convection), per cubic foot of oven 10340 147
space 14t053 ft
S Ggd s p b (o5 olmlx) Gl
Open range top , per 2 element section 2106 14000 4600 113
Ceomd 4o 30 alads 90 (slalai) 58 5l=1 elements
Gas No Hood Required
395 9 3 Gl
Broiler, per square foot of broiling area 5 14800 660" 5310 2860 8170 1220
. 2.7 ft
5ol ghe e O ces 5 OLS
Dishwasher (hood type chemical sanitizing ), per 1740 660° 510 200 710 230
100 dishes/h 35(})1 to ﬂ21000
. ishes
(Gl po Qlizy Ve e (il olood g9 5 090) (p903)b
(to be continued) (3,13 aalsl)
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ATTACHMENT 4 (Continued)

(a0ld) ¥ Camwgun
Recommended Rate or Heat Gain 8 , Btu/h
P9 Tl o b osd 4nogi £
celw
Energy Rate .
Btu/h Without Hood With
. s s Hood
sihles 398 (ya spa b
celo o 0 J 2
Latent Sensible
Appliance Size Rated Standby  Sensible _ Total _
g . . sk sk
Jilwg o;luil &5 Sy g glo)F i o
ol e
Dishwasher (conveyor type water sanitizing ), per 100 dishes/h 5000 to 9000 1370 660° 370 80 450 140
(G g5 dlage ON) g8l dishes/h
Griddle / grill (large). per square foot of cooking surface 17000 330 1140 610 1750 460
4.6t0 11.8 ft°
o g @pe D98 > QLS Sl
Oven (pizza), per square foot of hearth 4740 660° 623 220 843 85
. i 6.4 to 12.9 ft*
Gas Exhaust Hood Required
adss oga by 58
Braising pan, per quart of capacity 9840 660° 2430
. 1 140 qt
s e bl iy ke 5 Ll le 100 101404
Charbroiler (large), per linear foot of cooking area 36000 22000 3800
. . - . 2 to 8 linear ft
Sy gl e Db w2 (S)) JUS 5 LS
Fryer (deep fat), 80000 5600 1900
. . .. . 35 to 50 oil ca
(0l o) £ 1) 1 oS & P
Oven (convection), full size 70000 29400 5700
(eel) gl
Oven (pizza), per square foot of oven hearth 7240 660° 130
. 9.3 to0 25.8 ft*
Ol gye B9 o 2 (I5) Gl
Range (burners), per 2 burner section 33600 1325 6590
cad s a0 (slaled) S b 2 to 10 burners
Range (hot top/fry top), per square foot of cooking surface e 11800 330 3390
. . . _ 3to 8 ft
Sy e e D98 con 2 (p 5 Jrde) 5B Gl
Steam
S
Compartment steamer, per pound of foot capacity/h 280 22 14 36 11
iioa .. . 46 to 450 Ib
I T R T L R E
(to be continued) (3,15 aolsl)
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ATTACHMENT 4 (Continued)
(a0ld) ¥ Camwguy

Recommended Rate or Heat Gain 8 , Btu/h

. i} > N “ s .
Celw 09 F @ 2l ope b ond dmogi £ 5

Energy Rate
Btu/h Without Hood With Hood

S35 &S O9R 9N o9 b
celw o9 F

Sensible Latent

Appliance Size Rated Standby _ _ Total Sensible
- . sl sk .
Jilwg o5l zs Swy . &= g sloyS
Y ol
Dishwasher (hood type chemical sanitizing), per 100 3150 880 380 1260 410
dishes/h 950 to 2000
. dishes/h
Sebo ;o Slisy Ve v (Sl @l g9 5l 090) (290851
Dishwasher (conveyor water sanitizing), per 100 1180 150 370 520 170
dishes/h 5000 to 9000
dishes/h

el o Olasy Voo () Wi g9 ilage OT) (g b
Steam kettle, per quart of capacity 500 39 25 64 19
L. . 13to 32 qt
D55 ey Sedyl g B 655

a) In cases where heat gain is given per unit of ools Cud b wxly o ole)S o &5 Sl o (I

capacity the heat gain is calculated by LF o S es b Ll Lo o sl
multiplying the capacity by the recommended T e erd Ladb plule SloS e il

heat gain per unit of capacity. 235 (0 dpmlne (golgiing
b) Standby input rating is for the entire Hdre (S Llog pled sl S 695,9 351 (@
appliance regardless of size. il e olal 5|
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ATTACHMENT 5
RECOMMENDED RATE OF HEAT GAIN
FROM SELECTED OFFICE EQUIPMENT

O s Ol gyt o anogi (205 0 e £

FRWWREIE 34
Appliance Size Maximum Input Standby Input Recommended Rate Of
Jolwg Sl $2959 S5l (923004 53959 Heat Gain
ooy dpogi (1loyS 000 5
Watts Btu/h Watts Btu/h Watts Btu/h
wly 2SS wly 2SS wly 2SS &
celuwyo celuyo celuwyo
Computer Devices
F ool by
Communication/transmission 1800-4600 6140-15700  1640-2810  5600-9600 1640-2810  5600-9600
Jesl ol plses
Disk drives/mass storage 1000-10000  3400-34100  1000-6600  3400-22400  1000-6600  3400-22400
Sl 0, [ ls 5 S
Microcomputer/ 16-640 100-600 340-2050 90-530 300-1800 90-530 300-1800
(WLl 2)) FseeelSy e
word processor Kbytes
oleds” Zissls
Minicomputer 2200-6600 7500-15000  2200-6600  7500-15000  2200-6600  7500-15000
Szo5 aibl,
Printer(laser) 870 3000 180 600 300 1000
() Sl
Printer(line, low speed) 8pages/min  1000-5300 3400-18000  500-2550 2160-9040 730-3800 2500-13000
(Omly ey b o) Slz
High speed 5000-more
Yoy b
Tape drives Pages/min 1200-6500 4100-22200  1000-4700  3500-15000  1000-4700  3500-1500
OlS lg
Terminal 90-200 300-700 80-180 270-600 80-180 270-600
<Ll
Copiers/Typesetters
Oede > = 0SS
Blue print 1150-12500  3900-42700  500-5000 1700-17000  1150-12500  3900-42700
ERE
Copiers(large) 30-67° 5800-22500  1700-6600 5800-22500 900 3100 1700-6600
(S )3 oassS 5 copies/min
Copiers 6-30° 1570-5800 460-1700 1570-5800 300-900 1000-3100  460-1700
laoaisS 5 copies/min
Phototypesetter 1725 5900 1520 5200
S oS ol
(to br continued) (3,10 anlal)
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IPS-E-AR- 120(1)

ATTACHMENT 5 (continued)

(aolol) & Comwguy
Appliance Size Maximum Input Standby Input Recommended Rate Of
by el ©9979 S5l (955 % 5999 . Hfat Galf' o
o dpogi (2loyS 0 pr £ 5
Watts Btu/h Watts Watts
Olg ¥ < iy iy
el o
Mail processing
Gy s 59
Inserting machine 3600-6800 600-3300 2000-11300 390-2150 1300-7300
pieces/h
(Celo )5 axhad) 0 olKiws
Labeling machine 1500-30000 600-6600 2000-22500 390-4300 1300-14700
pieces/h
azld  Yeror) cuzp oK
(Celyo
Miscellaneous
Cash register 200 48 160
G 0asS s olKws
Cold food / beverage 3900-6600 575-960 1960-3280
Sbglo pu slaé
Coffee maker 5120 Sensible 1050 3580
Bt 05.Q§ PR 450 1540
Latent -l
Microwave oven 1 ft* 600 2050 400 1360
92995 (3l
Paper shredder 250-3000 850-10200 200-2420 680-8250
OS5 9,85 ael5 oo
Water cooler 8 gal/h 700 2400 1750 6000

o5

a) Input is not proportional to capacity
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ATTACHMENT 6
RECOMMENDED RATE OF HEAT GAIN
FROM HOSPITAL EQUIPMENT
LOCATED

Nov. 2009 / \YAA ,31 IPS-E-AR-120(1)

Pl sl Ol 31 (2o )5 0 0 0l Aoyl E
W1 51,8 oo g sLad yo a5

IN THE AIR CONDITIONED AREA

Appliance Type Size Maximum Input Recommended Rate of
Jilwg 98 o3I Rating, Watts (Btu/h) | Heat Gain Watts® (Btu/h)
2929 £ FS e ooy dmogi b0 ) 0 e

(celw yo PO ) Wlg

(el SEEY ‘5' Gv) CJ‘S

Autoclave (bench)

(S3e0) DS 55!

0.02 m* (1 ft*)

1250(4266)

140 (1778)

Bath, hot or cold circ., small
SzsS = 5 3 05 50,0 ol ple>

3.7 to 36.7 liters, - 30 to 100 'C

750 to 1800 (2560 to 6143)

130 to 310° (444 to 1058)

(1 Gal) (10 Gal) (86to0 212 'F)

250 to 590' (853 to 2014)

Blood analyzer 120 samples/hour 735 (2508) 735 (2509)
s oS 5T
Blood analyzer with CRT screen 115 samples/hour 1500 (5119) 1500 (5119)
CRT 4 b 95 o0 3JU]
Centrifuge (large) 8 to 24 places 1100 (3754) 1050 (3584)
(S5 5o y5lo
Chromatograph | ---- 2000 (6826) 2000 (6826)
31,8 glos,S
Cytometer (cell sorter /analyzer) 1000 cells/second (-36 cells/hr) 21460 (73242) 21460 (71242)
GABT Jsheo 0028 5 50) yhagiems
Hot plate, concentric ring 4 holes, 100°C (212 'F) 1100 (3454) 870 (2969)
55 ko 5 o o0 4l
Incubator, CO, (5 to 10 ft%) 0.14 t0 0.28 m*, up to 55 'C (131 F) 2830 (9659) 1410 (4812)
B 0) S aemST (63 g Ko i ol
Incubator, forced draft (10 ft°) 0.28 m*, 27 t0 60 "C (80 to 140 'F) 720 (2557) 360 (1229)
Vo) lse oylat (lhsS b g S et Sl
(caSe &gd
Incubator, general application (2 to 28 m’*, 27 to 60 'C (80 to 140 F) 1660 to 2260° (5666 to 850 to 1130° (2901 to
111t} 7713) 3857)
(caSe &gd
Magnetic stirrer omablize (500 - 600 (17048) 600 (12048)
Microcomputer all, 5, | 1610256 Kbytes ¢ 100 to 600 (341 to 2048) 88 to 528 (300 to 1802)
Oven, general purpose, small (2 to 4 ft’) | 0.04 to 0.08 m>, 240 'C (464 °F 21900° (74744) 2970° (10136)
(caxSo g8 T LBY) 0)5kate i —5l]
Refrigerator, laboratory 0.63t03.0m’,4°C (39 F) 880%(3003) 3504 (1194)
lel = Sl
Refrigerator, blood, small (22 to 106 ft* | 0.20 to 0.56 m>, 4 'C (39 'F) 2680° (9147) 1060° (3618)

SV F B V0 e SonsS Jl
(xS
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IPS-E-AR- 120(1)

ATTACHMENT 6 (continued)

(a0ldl) # Cawgm
Appliance Type Size Maximum Input Recommended Rate of
Jilus g4 o511 Rating, Watts (Btu/h) Heat Gain Watts" (Btu/h)

9959 Ty ySla> Ul Ao gl (3lo S 0 p0 E 5

(celo yo 91 & () Ol (celv ;8 92 JF () @l

Spectrophotometer - 500 (1706) 500 (1706)
Feg 99 1Sl
Sterilizer, freestanding (4 ft°) 0.11 m®, 100 to 132 "C (212 t0 270 20900 (71331) 2370 (8089)
ooL’;.M.g.‘ S ULJ...M:‘ F)
Washer, glassware (8 ft°) 0.22 m’ load area 4460 (15221) 2930 (70000)

latad oaigd

a- For hospital equipment installed under a hood,
the heat gain is assumed to be zero.

b- Heat gain per cubic meter of interior space.
¢- Input is not proportional to memory size

d- Heat gain per 10 m’ of interior space

e- Heat gain per liter of capacity

f- Sensible heat

g- Latent heat
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ATTACHMENT 7 V g
HEAT GAIN FROM TYPICAL ELECTRIC o I )
MOTORS diged By s yeig0 3l (loyS 0 e

Location Of Motor and Driven Equipment with Respect Conditioned Space or Air streams

l92 Ly b s god (sLad 4 Cound I oo Ol 9 599 90 Joxo

A B C
Motor Full Load Motor In, Motor out, Motor
Nameplate Or Motor Nominal Motor Driven Driven Driven
Rated Horse Type rpm Efficiency In Equipment Equipment Equipment
Power IP0 £ 9% (o] Percent In. Btu/h) In. Btu/h) In. (Btu/h)
b ogige aigds o ¥ olesdly - 315 59350 T sFge Sy sgige
t S Symie JS S xie (42,4%)
Qe P PR
el celw el
0.05 Shaded Pole 1500 35 360 130 240
0.08 Shaded Pole 1500 35 580 200 380
0.125 Shaded Pole 1500 35 900 320 590
0.16 Shaded Pole 1500 35 1160 400 760
0.25 Split Phase 1750 54 1180 640 540
0.33 Split Phase 1750 56 1500 840 660
0.50 Split Phase 1750 60 2120 1270 850
0.75 3- Phase 1750 72 2650 1900 740
1 3- Phase 1750 75 3390 2550 850
1 3- Phase 1750 77 4960 3820 1140
2 3- Phase 1750 79 6440 5090 1350
3 3- Phase 1750 81 9430 7640 1790
5 3- Phase 1750 82 15500 12700 2790
7.5 3- Phase 1750 84 22700 19100 3640
10 3- Phase 1750 85 29900 24500 4490
15 3- Phase 1750 86 44400 38200 6210
20 3- Phase 1750 87 58500 50900 7610
25 3- Phase 1750 88 72300 63600 8680
30 3- Phase 1750 89 85700 76300 9440
40 3- Phase 1750 89 114000 102000 12600
50 3- Phase 1750 89 143000 127000 15700
60 3- Phase 1750 89 172000 153000 18900
75 3- Phase 1750 90 212000 191000 21200
100 3- Phase 1750 90 283000 255000 28300
125 3- Phase 1750 90 353000 318000 35300
150 3- Phase 1750 91 420000 382000 37800
200 3- Phase 1750 91 569000 509000 50300
250 3- Phase 1750 91 699000 636000 62900
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IPS-E-AR- 120(1)

ATTACHMENT 8
EQUIPMENT SERVICE LIFE

Ol jupexd’ Glods gos

Median Median Median
Years Years Years
Equipment Item & oEile Equipment Item © wSile Equipment Item & oEile
] Jw Ol g Jw Ol e Jl
Air conditioners Air terminals Air —cooled
Egrho 4905 w1y Igo slaaibl g S5 Iga
‘Window unit 10 Diffusers, grilles, and 27 condensers 20
registers
6"’ o) olKwo L(bo.lei?_
15 (i Slep slvouisS sy
Residential single or split s | Evaporative condensers 20
package =By Sl 20
. . Lﬁo..\..JK} ouusS J..:;L..»
JER SUPTINS IOV AV Induction apd fan-coil
T units
. 15
Commercial through-the-wall .
: Wl slaas 20
| s 2 ¥ 25 il sl Insulation Molded 20
SRS S & VAV and double-duct o gl
Water- cooled package boxes
- 15 | b Blanket 24
oXigds S5 ol ax LSS asly 919R e o> S8 A 17
AJUlS 40 S5
Air washers
b sydlse
Pumps
Heat pumps Duct work 30
il e ey s Jus b oy
Base-mounted 20
Residential air-to-air 15° Dampers Al s,y o0d cos
S5Sans ~ g2 4 lga & 00 Pipe-mounted 10
Commercial air-to-air 15 Fans 0l s dlg) (5,
10
&l - I 4y lgn L o3l 25 Sump and well
19
Commercial water-to-air Centrifugal Sal> g ol
ol g 4y O Sril s
Roof-top air conditioners Axial 20 Condensate 15
ol ey g galao 505 w2y S5 Mz
Single — zone 15 Propeller 15 Reciprocating 20
ol il SO Shails SIS 5 28,
Multizone Ventilating roof-mounted 20 Engines b, 5590
&l il 0> ol ety ag Steam turbines
B ey
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ATTACHMENT 8 (continued)

(aoldl) A Cawgu
Median Median Median
Years Years Years
Equipment Item & oSl Equipment Item @ oSl Equipment Item & oSl
Ol i Jw Ol Jw Ol Jw
Dialers, hot water (steam) Coils Electric motors 18
FERPSCIN AR o i B sl sise
Steel water — tube 24(30) DX, water, or steam 20 Motor starters 17
NRER PERUY PIESI PP L ST e G550 sl bl
Steel fire — tube 25(25) Electric . Electric transformers 3
T a¥sh algl S S o5l
Cast iron 3530) Heat Exchanger Controls
o s Sl Jae W g8 20
Electric Shell — and — tube 24 Pneumatic
o gl g gy 00,23 slgn ]S
Burners Reciprocating compressors | 20 Electric 16
b Jrie S R g L8y g S S
Furnaces 21 Package chillers Electronic 15
o o5 a2 LSy ok $Seis 2SI
Gas-or oil-fired a Reciprocating
Seme s b 518 OFC IO 20 Valve actuators
o SBouiS Jas
Unite heaters Centrifugal 23 Hydraulic 15
oSS 0,5 aolg Srilns Sy yer
Gas or electric 13 Absorption 23 Pneumatic 20
Srbels @ 00,23 lsa
20 10
Hot water or steam Cooling towers Self —contained
foob o o S S o iSoys
Radiant heaters Galvanized metal 20
(b glhoaS o, o3l8ll5 305
Electric 10 Wood 20
- 25 7 34
Hot water or steam Ceramic
Lebes ‘v’] Sl yos
a) Obtained from a nation-wide survey conducted &b, a5 (VAAP) ASHRAE 3 ai oS 5l Ll (I

by ASHRAE TC 1.8 (Akalin 1986). Data
changed by TC 1.8 in 2004.

b) See Lovora and Hiller (1986) and Easton Lovora and Hiller x>, 4 s bl ¢lp (o
Consultants (2000) for further information.

W PR C)'La‘j).».».uv“f
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ATTACHMENT 9

Acceptable Substitutes for CfCs (Class I
ODS ) In Household & Light Commercial Ac

(ODS” ., CFC; (sl Joud J (350> (S yuo
Soow 5y 9 (S ¢ gabao 43945 50

Substitute (Name Used in the Federal Register) Trade Name Refrigerant Being Retrofit / New
(18 o 2 25 53 oukih oolicn! o) 354 r S 6l Replaced ouis ol 8 yaol 23 o
RIS R
Evaporative / Desiccant Cooling All CFCs N
o | G Ghalo
R-407C Suva 407C, Klea 407 C 502 R,N
R-422C ICOR XL TI 502 R,N

Acceptable Substitutes for HCfCs (Class IT ODS ) In Household & Light Commercial Ac
S 51T 9 (S ganbio 4945 50 (ODS v, ) HCFC (5l Joud B o 550> s oo

Substitute (Name Used in the Federal Register) Trade Name Refrigerant Being Retrofit / New
(1993 o @ i 5o oud oolisi! pb) (3 350> s b Replaced NREJIRRCRI
RISIERS
HFC-137a 22 N
THR-03 22 N
NOTE: this determination applies only to window- unit
residential air conditioning, and not to central air
conditioning systems.
Jibe oz 3 slo s sln hadd 3Rl Gl s pslobe
b s (635 po Eordas dises slaailel (sl 5 8le 0 )8 SeSus
ISCEON 59, NU-22, R-417A Isceon 59, NU-22 22 RN
R-410A, R-410B AZ-20,Suva 9100,Puron 22 N
R-407C Suva 9000, Klea 66 22 RN
R-507, R-507A AZ-50 22 RN
NU-22 NU-22 22 RN
Ammonia Absorption 22 N
Stisel i
Evaporative/Desiccant Cooling All HCFCs N
R-404A HP62 22 RN
R-125/134a/600a (28.1/70.0/19) 22 RN
RS-44 RS-44 22 RN
R-421A Choice R421A 22 RN
R-422D ISCBON MO29 22 RN
R-424A RS-44 22 RN
R-125/290/134a/600a(55.0/1.0/42.5/1.5) ICOR AT-22 22 RN
R-422C ICOR XLTI 22 RN
R-422B ICOR XAC1 22 RN
KDD5 KDD5 22 RN
RS-45 (ASHRAE proposed designation :R-434A) RS-45 22 RN
RS-45 (ASHRAE (golyiiny dasie R-434A)
R-125/290/134a/600a(55.0/1.0/42.5/1.5) ICOR AT-22 22 RN
R-422B XAC1,NU-22B 22 RN
R-422C XLT1 22,402A, 402B, 408A RN

Key: R=Retrofit Uses, N=New Uses

ODS* = Ozone depletion Substitute

ol 39 9 el =

87

R o sbo p,l5= N :oidle

il 3w o GBS o il = ODS*
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