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FOREWORD

Introduction to BP Group Recommended Practices and Specifications for Engineering

The Introdudory Volume mntains a seesof Documents that provide an introdudion to the
BP Group Reommended Pratices ad Spedicaions for Engineeing (RPES). In patticular,
the ‘Genera Foreword’ ses out the philosophy of the RPESs. Gher documents in the
Introdudory Volume provide gaerd gudance on usng the RPSEs r@d backgound
information to Engineaing Sandards in BP. There ae dso recommendaions for spedic
definitions and requirements.

Value of this Recommended Practice

The value of this Reommended Pratice is in the provison of guidance to enable a
saisfadory desgn to be producedby the Desgn Contrador and the saving of the BP
Spedalist’s time by having these general requirements stated, thus resulting in fit-for-purpose
design results.

Application

Text in italicsis Commentary. Commentary providesbackgound information which supports
the requrements of the Reommended Radice, ad may discuss Hernative options. It dso
gives gudance on the implementation of any ‘Spedficaion’ or ‘Approva’ adions; spedfic
actions are indicated by an asterisk (*) preceding a paragraph number.

This document may refer to certain locd, national or international regulations but the
responsibility to ensure compliance with legislation and any other statutory requirements lies
with the user. The user sould adaptor suppement this document to ensure ompliance for
the specific application.

Principal Changes from Previous Edition

This document is basel on BP Code of Pradice CP 29 (Maie 1991),having been updaedin
line with curent pradice. Although re-formatted into the ‘Way Forward’ style, uses sould
be awarethat many of the presdptive requrements of BP CP 29 rmain, pending possble
future detailed review.

Feedback and Further Information

Uses are invited to fead back any comments and to deail experiencesin the apflicaion of BP
RPSEs, to assist in the process of their continuous improvement.

For feedack and further information, please ontact Sandards Group, BP Intemational or the
Custodian. SeQuarterly Status Lidor contacts.
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1. INTRODUCTION

11

1.2

1.3

Scope

This Recommended Practice is a guide to the specification of Heating,
Ventilating and Air Conditioning (HVAC) systems for onshore use. It
also specifies BP general requirements for the design, construction,
testing and commissioning of HVAC systems, together with materials
and equipment to be used, in buildings and plant installations located in
any climate world-wide.

Application of this Recommended Practice

This Recommended Practice should be used by BP and the contractor
for guidance during design and the preparation of specifications for
equipment purchase.

Users of this Recommended Practice should be aware that further or
differing requirements may be needed for individual applications.
Alternative equipment or engineering solutions may be considered
where appropriate for the individual application. Where an alternative
is offered full details should be provided at an early stage to permit full
assessment prior to the design freeze.

Quality Assurance

Verification of vendors’ quality systems is normally part of the pre-qualification
procedure, and is therefore not specified in the core text of this specification. If this
is not the case, clauses should be inserted to require the vendors to operate and be
prepared to demonstrate the quality system to the purchaser. The quality system
should ensure that the technical and QA requirements specified in the enquiry and
purchase documents are applied to all materials, equipment and services provided
by sub-contractors and to any free issue materials.

Further suggestions may be found in the BP Group RPSESs Introductory Volume.

2. GENERAL REQUIREMENTS

2.1

Design Philosophy

HVAC systems shall be incorporated in buildings and enclosures as
required to provide air conditioning, ventilation, heating, pressurisation,
cooling and humidity control for the safety and comfort of personnel,

for the protection of equipment and to extend the life of stored

products.
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2.2

Specific principles to be followed in a design will be agreed at the
outset between BP and the contractor.

External and internal conditions and controls shall be considered at the
outset of design in order to develop an appropriate system design
solution.

Considerable variations in requirements have been necessary in the variety of
premises and installations currently owned and operated by BP. A statement of
requirements should be formulated for each project having regard to the particular
environmental requirements and local site conditions. It should describe in

appropriate detail the engineering requirements as an amplification of this

Recommended Practice.

Design Principles

Design shall be in accordance with international or national standards as
appropriate to the specific project. Whilst this RP quotes many
standards and practices which will be directly applicable to European
and U.K. projects, these should be replaced with equivalent
international or national standards and practices as agreed with the
Client.

HVAC systems shall be designed to suit the particular application in
accordance with the CIBSE and/or ASHRAE Guide Books and shall
take into consideration a full assessment of all heat gains, heat storage
and heat losses of the buildings or enclosures.

Buildings can be either:-

Heated

Heated and Ventilated
Ventilated

Air Conditioned

Ventilation may be either natural, mechanical or a combination of the
two, determined by the specific needs and constraints upon the building
or enclosure during the design assessment.

To assist the design contractor, a pro-forma ‘Questionnaire’ listing
basic data to be obtained at the outset of the design will be found in
Appendix D.

The Design Questionnaire document is not necessarily complete for any given
design and should be extended as appropriate by the designer.
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2.3

2.4

24.1

Sparing Philosophy

For each application an evaluation shall be made of the standby plant
required to maintain the service without detriment to the functional
needs of the areas concerned.

On essential services equipment, and where space permits, two 100%
duty plants (run and standby) shall be installed. Where space
restrictions prohibit this then two 50% capacity machines shall be
installed.  Consideration should also be given on motor driven
equipment to one duty plant with two motors. Generally on non-
essential services one duty machine will be acceptable.

Plant sparing would typically be as follows:-

Equipment No. Service Available on

and Rating Loss of One Item

1 x 100% 0%

2 x 100% 100%

2 x 50% 60% (approx) +

3 x 50% 100%

3x331/3% 75% (approx) +

4 x 33 1/3% 100%

+ enhanced performance due to fixed physical characteristics of distribution

system operating at part load.

The philosophy for sparing of equipment should be based on a Risk
Analysis Study.

System Selection

General

Selection of the HVAC system will be based on consideration of the
following:

- Nature of the application and period of usage of the building.

- Type of building construction.

- External and internal load patterns.

- Desired space conditions and control limits.

- Method of control for minimizing use of primary energy.

- Opportunities for heat recovery.

- Economic factors (including probable future cost and
availability of fuel).

- Environment and Health and Safety Legislation.

- Possible need for dilution of contaminants.

- Ease and simplicity of operation and control.
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2.4.2

24.2.1

24.2.2

2.4.2.3

24.2.4

Types of System

Systems suitable for the application should be selected from the
following:-

Natural Ventilation

Should be selected for unmanned or infrequently occupied buildings
where the extremes of weather conditions will not affect the building
operation. The buildings will generally require large louvered openings
on at least two (opposite) walls together with roof openings or cowls.

To assist the natural ventilation concept and prevent local hot spots
and/or gas concentration, specific attention should be given to using a
secondary ventilation system termed 'Jet Air'.

Design of naturally ventilated buildings should be in accordance with an
appropriate national or international standard.

Mechanical Supply/Natural Extract

Should be selected for buildings which cannot be adequately ventilated
by natural means or which need to be pressurised due to proximity to
hazardous zone or to prevent the ingress of dust, smoke or fumes.

The system should comprise a filtered and heated ducted air supply
which is designed to relieve pressure to outside through natural leakage
paths or pressure control dampers.

Mechanical Extract/Natural Supply

Should be selected for buildings in which local extract is essential to
prevent the transfer of odours, heat, fumes or dust produced by the
processes contained within the building.

The natural supply or make-up air shall be via louvered openings.

Combined Mechanical Supply & Extract

Should be selected for permanently manned buildings to provide proper
control of air movement and reasonable control of comfort conditions.

The system should comprise arrangements of supply and extract fans,
ductwork, dampers, grilles and diffusers (or commaopply fan) with

RP 14-2
HEATING, VENTILATING AND AIR PAGE 4
CONDITIONING - ONSHORE



2.4.2.5

fresh air intake on the low pressure side. Interconnections may be
included for full or partial re-circulation; the fresh air intake provided
with filtration and heating as required.

Positive pressurisation control may be provided for non-hazardous
areas or enclosures to maintain the design pressure differentials between
hazardous and non-hazardous areas, and/or assist in preventing smoke
transfer into escape corridors. Fire and smoke control shall be via a
local fireman's panel(s) to operate fire/smoke dampers within the
ductwork system.

Air Conditioning System

Air conditioning systems should be basically similar to the mechanical
ventilation systems described in 2.4.2.4 but with the facility for heating,
cooling, humidifying and de-humidifying, in order to control
temperature and humidity within predetermined limits throughout the
year.
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3. APPLICATION GENERAL REQUIREMENTS

3.1

3.2

General

The systems applications described hereafter generally provide for one
basic arrangement which may satisfy a particular application; it is
recognised that more than one arrangement may be successfully applied
to any particular requirement.

Offices/Administration Buildings

Large office/administration facilities should have perimeter and internal
zones.

Systems selected to serve perimeter zones shall be capable of cooling in
summer and heating in winter. During intermediate seasons perimeter
zones on one side of the building may require cooling while equivalent
zones on the opposite side may require heating, therefore adequate
zoning of the system is required.

Note that generally for buildings with glazing area in excess of 60% of

external facade, air/water type systems such as induction or fan coil
units are more economical than all-air systems and have lower space
requirements.

For perimeter zones with small glazing areas, all-air systems
incorporating variable volume air flow offer an economical solution.

Internal zones are best suited for all-air systems arranged for high
velocity supply to constant or variable volume terminal units, which
include secondary attenuation as part of the terminal unit, either single
duct or dual hot and cold mixing type.

The units can be arranged for reheat if required.

Recirculation or exhaust air should be designed for low velocity to
minimise noise generation.

Specific attention shall be given to diversity of operation to cater for
individual control, flexibility of partitioning arrangements and operation
outside of normal office hours.

Small and medium size buildings may be suitable for unitary systems,
larger facilities are best served by central plant arrangements.
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3.3

Offices/Administration buildings vary in size and complexity from large, Multi
storey structures with extensive glass facades to small single storey flat roof
buildings with minimal glazing.

Perimeter zones generally are subject to wide load variations due to daily and
annual changes in ambient temperatures and solar radiation.

Factors affecting cooling load in perimeter zones include window area and choice
of shading device together with internal gains due to people, equipment and lights.

It should be noted that re-heat and dual duct mixing systems are generally poor
with regard to energy conservation.

Process Buildings

Selection of a suitable HVAC system for process buildings shall
consider one or a combination of the following options:-

- Natural Ventilation

- Mechanical Supply/Natural Extract

- Mechanical Extract/Natural Supply

- Full Mechanical Ventilation Throughout
- Full Air Conditioning

Natural ventilation may be applied to hazardous or non-hazardous

process buildings provided minimum recommended air change rates are
achieved (see 4.4.2). Background heating may be provided by means of
steam or hot water unit heaters or indirect heaters if rated to operate in
hazardous areas.

Mechanical supply with natural exhaust may be considered for buildings
where natural ventilation cannot achieve the minimum recommended
air change rates and where outside fresh air can be utilised to limit
temperature rise due to process equipment heat gains.

Mechanical extract with natural supply may be applied where it is

beneficial to extract at source concentrations of fumes, dust, odours,
moisture or heat produced by the process. High capture velocity is
desirable. Adequate sources of fresh make-up air should be readily
available, tempered in winter to avoid cold draughts and located well
clear of extract points to avoid any short circuiting.

Full mechanical supply and extract systems shall be provided for
process buildings where natural ventilation cannot provide the air
change rates necessary to maintain recommended area pressurisation
differentials.
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3.4

3.4.1

34.1.1

Other influencing factors include the requirements for reasonable
control of comfort conditions and proper control of air movement for
the benefit of operating personnel and for the removal at source of
concentrated air borne contaminants.

All elements of heat recovery should be considered with process
mechanical supply and extract systems, particularly where large air flow
volumes are involved.

Full air conditioning, in a similar manner to mechanical ventilation
systems, but including refrigeration plant shall be provided for process
buildings where close control of temperature and humidity are critical
to the process.

Process buildings may have varying levels of occupation; the production areas may
be hazardous or non-hazardous, and require close control of temperature and
humidity depending on the particular process.

It should be noted that supply systems operate most satisfactorily with a
complementary extract system.

Control Buildings

General

Heating ventilating and air conditioning systems shall be provided, for
the comfort of operating personnel and protection of control
equipment.

A minimum of two 50% capacity plants should be chosen.

Consideration should be given to options including low velocity multi-
zone units, ductwork re-heat systems, positive pressurisation control
and purging ventilation of under-floor cable voids.

In rooms accommodating environmentally sensitive equipment, 2 X
100% capacity split system air conditioning units having external air-
cooled condensing units shall be provided to cater for close control of
temperature and humidity variables.

These units will therefore deal with the major heat gains, whereas the
main HVAC plant will cater for ventilation of service areas, provision
of fresh air for occupancy, fire and smoke control and over-pressure in
the building.

Where manufacturers of electronic or computerised process control
equipment impose rate of change limits on temperature and humidity
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3.4.1.2

within the rooms, the split air conditioning units shall be provided with
upgraded thermal controllers incorporating proportional plus integral
plus derivative functions accordingly.

Fast-response smoke detection equipment may be required to protect
special equipment areas or rooms. Where an extinguishing system is
determined as necessary, a pre-action sprinkler should be considered for
such rooms, including computer suites. Only in exceptional
circumstances should G@rotection be considered for individual items

of equipment.

Halogen compounds (i.e. Halon 1211, 1301 or other products identified
within the Montreal Protocol) shall not be used.

Examples of fast-response smoke detection equipment are Vesda and Hart.

Precautions must be taken to protect personnel if total flood withi€0sed. See
BP Group RP 24-1 Fire Protection - Onshore.

Mode of Operation
(a) Normal

Normally the HVAC plant and room air conditioning units shall operate
simultaneously and continuously to maintain conditions and over-
pressure in the building.

The controls of the HVAC plant shall modulate the fresh, recirculating
and exhaust air dampers to provide an economy cycle, using outside air
for cooling whenever suitable.

The Control Room and Equipment Room HVAC Units with higher
specification controls will operate to maintain the environmental limits
in those rooms.

(b) Emergency

The emergency mode applies when gas or smoke has been detected and
operation of the HVAC plant shall then be as follows:-

Gas detected at air intake:-

Air intake and exhaust air gas isolation dampers shall close

automatically, the HVAC system shall open the recirculation damper

and shut down. The operator may require to operate the system on
100% recirculation and this would be achieved by operating a manual
override switch on the HVAC panel.
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3.4.1.3

3.4.1.4

All extemal HVAC equpment not cetified for operdion in a gaseus
atmosphere shall be electrically isolated, automatically.

Smoke detected in the building:-

Freh ar and exhaust & dampes dal be opened fully, and the
redrculation damper fully closed. The dfeded aea shal be isolated
from the HVAC gystem by manudly closing the appopriate fire
dampe's by means of the Locd Fireman's Panel locaed in the main
entrance lobby.

The HVAC system shall continueto operate to puge @rridors (which
shall be at ahigher positive ressue than officesor other areas)and to
keep other areas free from smoke/toxic fumes.

The fire fighters will choose whether to continue with this mode of
operdion or to <ut the whole gstem down, depeding upon
circumstances.

Coincident gas at air intake and smoke in the building:-

In this event the gas mnal shall take piority over the fire signa and
HVAC controls shall respond accordingly.

Gas Detection/Isolation

Gas déedors dal be povidedin the ar intake dud. The detedion
system shall incorporate two out of threevoting and be interfaced with
the HVAC oontrol panel, via the gas pael. The adarm level for gas
detection shall be set at 25% LEL.

Gasisolation dampe's provided atthe ar intake and exhaugs shal close
automatically on detection of gas at air intake.

Fire Dampers

Fire danpers having pneumatic aduaor, two dedro-pneumatic
solenoid valves and frangible bulb shall be provided atfire barrier
locaions, generdly to sadisfy the requrements of BP Group RP 4-4 and
where requed for segregion of an areato be proteded by a fire
extinguishant system.

The fire danpers sl be remotely controllable from a Locd Fireman's
Panel to be locaed in the main entrance lobby of the building. The
panedl shall incorporate individud switches ad gatuslampsfor ead fire
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3.4.2

3.4.3

3.4.4

3.4.5

3.5

damper and override swtchesfor stop and redart control of al HVAC
fans.

Secondey fire danper remote contol switches should be povided at one fothe
reped fire alarm panebk, where fitted, to enable opation of theHVAC in the event
of the main controls being inaccessible.

Normal Control Buildings

Normal control buildings are those buildings which by virtue of their
locaion remote from hazadous processes r& not considered by BP to
requre any specal requrements in acordance with BP Gioup RP 4-4
section 3.5 'Potential Fire, Explosion or Toxic Hazard'.

Blast-Resistant Control Buildings

All ar intakes ad exhaust openings shal incorporate sutable
arrangements of blast dampers to comply Bi#hGroup RP 4-6

As far as possble, the HVAC pant and equpment shall be contained
within the building.

Equipment which has to be locaed eterndly, suh as @& cooled
condensers should be protected by blast resistant barriers.

Special-Design Control Buildings

HVAC provision for spedal-design control buildings as described in BP
Group RP 4-4 Appendix C shal have similar fadlities to blast-resistant
control buildings but will not be provided with blast proteded externa
equipment or blast dampers.

Air Intakes and Discharges

Where the control building is locaed sothat an unplanned gas release
in the dant could reat the building, dr intakes ad discharges shall be
provided wth gasisolation dampers,the positioning of the ar intake
elevation above gradebeing decded by the type of gas,i.e. lighter or
heavier than air.

Air intakes shall be locaed in the sdiest psition asindicated by a Gas
Dispersion Study.

Computer Suites

Air conditioning shal be atieved by means of two 100% (dty and
stand-by) unitary or sgdit system air conditioning units. The units shall

RP 14-2
HEATING, VENTILATING AND AIR PAGE 11
CONDITIONING - ONSHORE



3.6

3.6.1

provide constant volume, low velocity reheat recirculation air with
between 10% and 15% fresh air make-up. The make-up air shall be
allowed to exfiltrate to maintain positive pressurisation and thereby
prevent entry of dust or untreated air.

The unitary or split systems shall incorporate a high level of filtration.

Air supply should be overhead throughiliocg plenums utilizing
perforated face diffusers, linear diffusers or ventilatedings as
appropriate to provide draught-free conditions.

Portable heaters shall be available to protect the equipment in the event
of air conditioning failure and equipment shut-down.

The equipment commonly found in computer suites generates heat and contains
components that are sensitive to sudden variations and extremes of temperature,
humidity and deposition of dust. Exposure to conditions outwith equipment
manufacturers prescribed limits may result in faulty operation or the need to shut-
down the equipment.

Computer suites are normally incorporated in Office/Administration or Control
Buildings. The requirement for two 100% units is because of the critical nature of
computer installations and the need for reliability.

Diffusers or ventilated ceilings permit high air change rates without undue
discomfort to personnel.

Analyser Houses

General

Analyser Houses shall be ventilated with heating and/or air conditioning
as required for the safety and comfort of personnel and protection of
equipment.

A minimum ventilation rate of 10 air changes per hour shall be
provided, sufficient to:-

(a) dilute escaping vapours from rupture or failure of sample or
service lines to less than 20% of the LEL around any potential
means of ignition. Particular attention shall be paid to liquids
which vaporise at ambient temperatures.

(b) dilute any toxic gases or vapours released due to failure of any
one sample or service in the house to below the OEL.
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The ventilation systems may be ather natural or medanicd depeding
on the application.

The minimum ventilation rate of 10 ar changs pe hou is recannended in the
'Design and Irstallation of On-Line Analywer Systems, publication No 130saied
by theEngineering Equipment & Materials Users Association (EEMUA).

Occupationa Expcure Limits are given in the Health and Safety Executive
Guidance Note EH40.

3.6.2 Natural Ventilation

Natural ventilation shall only be cnsidered where the analyser building
is locaedin a non-hazadous aeaor where d analyser ad assciated
equpment is cetified for operation within the dassfication of the
surounding area. Naural ventilation cdculations sould consider wind
and themma effeds. Louvre openings, two upper ad two lower on
opposite walls, should be basedon the gnalestindicaed aea. Wind
cdculations should use the minimum average wnd speed xceededor
90% of the year with a gusting rate of 1.6.

To assst the natural ventilation concepd, spedic attention should be
given to the useof a high velocity jet air system to prevent hot spots
and/or assist removal of gas concentration.

Resulting ventilation rates should not exceed 50 air changes per hour.

Badkground heaing shall be provided to maeintain a mnimum of 5°C
within the building to prevent any condensaion under shut-down
conditions.

Natural ventilationwill provide limited contol of the envionment and tle area
classification within the howe will always be thesame &s the cladfication dof the
surrounding area.

3.6.3 Mechanical Ventilation

Medhanicd ventilation shall be provided to meintan a mnimum
positive pressuisdion level of +25 Pa uader d wind oconditions to
prevent the ingress of flammable or toxic gases and to assst in limiting
the temperaure iise in the building dueto anayser eqipment heat
gains.

Mechanicd ventilation systems dall comprisetwo 100% capadty duty
and dandby plant arrangements with indepexdent power supgies.
Ventilation air shal be taken from a non-hazadous aea ad dhall be
filtered and heated as required.
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Air distribution shall ensure movement throughout the housing and
around all the equipment; air exit ports or louvres shall be provided
with automatic pressure control dampers.

Temperatures within the house should be controlled at a nominal 20° C.
However, heating or cooling, or both, should be provided to maintain
temperatures between 10°C and 30°C under extreme conditions with
the equipment in operation.

The internal temperature shall not fall below 5°C with the analyser
equipment shut down.

The surface temperature of any heaters shall not exceed 200°C under
any condition of operation including fan failure.

Under tropical conditions with high ambient humidity the internal
temperature should be a minimum of 5°C above ambient to avoid
condensation on walls or equipment. Air conditioning with
dehumidification shall be considered where this cannot be achieved due
to high ambient temperatures. Similarly, air conditioning shall be
considered if heat release within the analyser house results in
unacceptably high internal temperatures.

Mechanical ventilation systems shall be provided with three gas

detectors arranged with a 2 out of 3 voting system to close

dampers/shut down the ventilation system on detection of gas. The
alarm level of gas detection shall be set at 25% LEL and HVAC system
shutdown at 50% LEL. Should the HVAC system contain electric air

heaters, the electrical supply to these shall be isolated at 25% LEL.

Ventilation failure shall be detected by means of a pressure differential
switch connected across the suction and discharge connections of the
duty and standby fans.

Consideration should be given to using intelligent control equipment for fan motor
starters.

Gas detection and/or low flow detection shall initiate visible and audible
alarms within the house and at a manned remote control station as part
of the general alarm/safety shutdown system provided for the analyser
house.

For additional information refer to the 'Design and Installation of On-Line
Analyser Systems' (see 3.6.1 above).
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3.7

3.8

Laboratories

The design of HVAC system for Laboratories shall consider:-

(a) Building configuration - integral part of larger complex
or totally separate self contained
unit.

(b) Mode of operation continuous or daily schedule.

In all cases separate designated exhaust systems shall be provided
connected to fume cupboards or hoods within the laboratories for the
removal of contaminants to atmosphere.

Exhaust systems shall be designed for constant or variable flow.
Constant flow shall generally apply to smaller, self contained units.
Variable volume shall apply to larger facilties with multiple fume
cupboards designed to operate at reduced capacity when not in service.

Exhaust stacks shall be provided if necessary to ensure that exhaust
points are well clear of any air intakes and the contaminants are readily
dispersed.

Exhaust stack configuration shall depend on the number of exhaust
points, toxicity and quantity of discharge, height and location of
building.

Make-up air to replace the exhaust flow rate shall be heated or cooled
via designated separate air conditioning and refrigeration plant or
central systems depending on the building configuration and mode of
operation.

Specific attention shall be given to distribution of the make-up air
supply system to ensure no draughts are created at the face of the fume
cupboards which could reduce their effectiveness.

Workshops

Provision shall be made for ventilation, heating or cooling of workshops
dictated by the local environment and/or the type of work carried out.
Conditions in the workshop shall be based upon a non-injurious
comfortable environment for personnel, and suitable conditions for
equipment.
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3.9

In some locations, suitable conditions may be obtained using natural
ventilating effects via louvred openings at high and low level in the
building combined with local recirculating heating units.

Where the foregoing cannot be achieved due to local climate the
following services shall be evaluated:-

(a) mechanical ventilation for safety and comfort of personnel and
protection of equipment via two 50% capacity air handling units
incorporating filtration and heating (or part of a centralised
ventilation system).

(b) units sized to limit internal temperature rise using outside air as
the cooling medium. Local spot cooling effect may be achieved
by use of high velocity air jets.

(©) refrigeration and air conditioning where ambient air
temperatures generally exceed internal design temperatures.

(d) positive pressurisation with relief to atmosphere through
pressure relief dampers.

(e) separate extract fans, ductwork and hood systems for facilities
incorporating paint spray booths or welding bays.

Power Generation Buildings

Power generation buildings shall be provided with independent
mechanical supply ventilation systems using outside ailintib the
internal temperature rise due to heat gains from the generating
equipment; provide aspiration air for combustion purposes (if
necessary) and maintain a positive pressurisation level. Ventilation and
engine aspiration air shall be derived from a non-hazardous location.

Two 100%, or 3 x 33 1/3% capacity plant arrangements conveying
100% outside air shall be evaluated to provide filtered and heated air as
necessary.

Excess ventilation air shall be relieved to outside via pressure relief
dampers.

It should be noted that this document does not apply to machinery
acoustic enclosures.
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3.10

3.11

3.12

Electrical Sub Stations

Sub stations shall be mechanically ventilated using outside air to limit
the internal temperature rise due to heat gains from the equipment. In
locations where the ambient conditions or proximity toazandous
zone precludes the use of mechanical ventilation only, consideration
shall be given to the provision of air conditioning/refrigeration systems.

Two 100% capacity or other suitable combination of plant
arrangements shall be provided and a positive pressurisation level
maintained; air shall be discharged into the space and not directly on to
the electrical equipment. The ventilation and cooling supply air shall be
filtered to remove airborne contaminants.

Excess ventilation air shall be relieved to outside via pressure relief
dampers, or mechanical extract system incorporating pressure control
devices.

Fire Stations

Permanently manned administrative areas of fire station buildings shall
be provided with heating, ventilation or air conditioning where this can
be justified for the general comfort of personnel.

Where possible the ventilating or air conditioning plant should be
independent of main building services to satisfy operational
requirements.

Two 50% capacity arrangements shall be provided designed for
continuous operation and to maintain a level of positive pressurisation.

Fire fighting vehicle garage facilities shall be naturally ventilated or
provided with vehicle exhaust extract systems comprising extract fans
and ductwork connected via flexible hoses and nozzles to vehicle
exhaust tail pipes.

Heating shall be provided by means of recirculation fan coil units using
hot water or electric heater batteries.

Medical Centres

Medical centres shall be provided with heating, ventilating or air
conditioning where this can be justified for the comfort of personnel
and well being of patients.
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The ventilation or air conditioning service should be an independent
system. However, if this cannot be provided main plant HVAC services
will suffice.

Independent systems shall comprise two 100% capacity (duty and
stand-by) plant arrangements with automatic changeover supplying
100% conditioned outside air to be mechanically extracted with no
recirculation.

The systems shall be designed to:-

(a) control and restrict air movements between departments to
reduce risk of cross infection from airborne contaminants.

(b) provide final stage absolute filtration equipment to remove
particulate or gaseous contaminants and airborne micro-
organisms.

Air flow patterns in rooms shall be designed to minimize the spread of
contaminants; generally pressurisation patterns shall cause an air flow
from sterile to less sterile areas in progression.

Sanitary accommodation/toilets shall be maintained at negative pressure
relative to other areas to prevent exfiltration of airborne infection.

Ductwork distribution air systems shall incorporate high-level supply
with low-level extract/pressure relief.

* 3.13 Instrument Marshalling Stations/Local Control Rooms

Mechanical ventilation including heating and filtration shall be provided
for the comfort and safety of personnel, protection of equipment and to
limit the temperature rise due to equipment heat emission. The system
shall comprise two 100% capacity plant arrangements (duty and stand-
by) with automatic changeover facility. An alternative could be 2 x
50% capacity units subject to an analysis of 'loss effect’ being approved
by BP. A positive pressure shall be maintained within the space, fresh
air relief being through pressure control dampers to atmosphere.

A mechanically assisted extract system shall be provided if wind effects
are frequently severe and likely to reduce effective ventilation/heat
removal due to back pressure on relief flaps.
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3.14

3.15

3.16

3.16.1

3.16.2

Switch Rooms

Switch room provisions should conform with 3.1.3 except that heating
shall be restricted to anti-condensation requirements, i.e. 5°C.

Where switch rooms are adjacent to instrument méirghatations or
local control rooms, consideration shall be given to utilising the same
plant to serve both facilities.

Uninterruptible Power Supply (UPS) Rooms

Dedicated ventilation and cooling plant shall be designed to limit
temperature and to provide the correct air filtration to the UPS
manufacturer's requirements. Anti-condensation heating to 5°C shall be
catered for and a positive pressure in the room of 25 Pa.

Two 100% capacity plants shall be provided, with automatic
changeover facilities. One plant shall operate from the emergency
power supply.

Battery and Invertor Rooms

Battery rooms shall be provided with dedicated mechanical exhaust
ventilation systems to remove gaseous vapours and fumes released from
the batteries.

Two 100% capacity plants shall be provided, with automatic
changeover facilities. One plant shall operate from the emergency
power supply.

Extract shall be provided from both high and low level points in the
room to give a minimum of 6 air changes per hour.

Failure of the battery room extract system shall inhibit boost charging
of the batteries, if either lead/acid or sealed Ni/Cd batteries are used.

The ductwork within the battery room shall be either stainless or
galvanised steel with chlorinated paint on the inside and external
surfaces of the ductwork system. Supply air shall be provided at low
level.

Invertor rooms shall be provided with ventilation, cooling and filtration

to protect the equipment and limit the temperature rise due to
equipment heat emissions. Anti-condensation heating of 5°C shall be
provided.
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Two 100% capacity plants shall be provided with automatic changeover
facilities. One plant shall operate from the emergency pougplys
Alternatively ventilating/cooling air may be provided via a central
HVAC plant providing operating times are identical.

Relief air from the invertor room should be transferred into the battery
room.

3.17 Dining Rooms

Dining rooms shall be provided with heating, ventilation or air
conditioning if this can be justified, for the general comfort of
personnel.

The HVAC system shall be independent of central HVAC plant and
capable of efficient operation during intermittent usage and variable
occupancy loading.

All-air, variable volume HVAC systems are favoured but fan coil
systems may be utilised. Small dining rooms may only justify individual
air conditioning units of the 'through the wall' type or a constant volume
system incorporating partial recirculation of air for heating economy.

All types of system shall provide air for transfer to the kitchen via the
servery area. The HVAC plant shall comprise a supply plant
incorporating a main air fiter handling total air and
recirculation/discharge air fans. Due attention shall be paid to draught
free air distribution and acoustic attenuation of the plant.

Two 50% capacity HVAC units or other suitable sparing arrangements
should be provided, appropriate to the application.

3.18 Kitchens

3.18.1 General

Kitchen ventilation cooling systems shall be designed to provide
acceptable working conditions for personnel, localise escape of cooking
odours and limit the effects of radiant and convected heat produced by
the cooking appliances.

Plant sparing shall comply with one of the formations in the Sparing
Philosophy (see 2.3).

3.18.2 Extract System
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3.18.3

The kitchen extract system should be totally separate, allow no
recirculation and maintain the kitchen at a negative pressure relative to
other areas in the building. Where full details of kitchen appliances are
known the extract air flow rate can be established by reference to Table
B2-11 in the CIBSE Guide.

If appliance details are not known, an approximate extract rate in
litres/second should be based on number of meals served in one hour
multiplied by 10 to 15.

In all cases the extract rate should not be less than 17.5 I/s*pEr m
floor area, nor less than 20 to 30 air changes per hour.

Separate wash-up, preparation and pastry preparation areas, etc., in
larger kitchens should be provided with a minimum of 10 air changes
per hour.

Specific attention shall be given to avoid cooling of meals at serveries
by excessive air movement.

Extract Hoods

Extract hoods shall be provided above all cooking appliances and
equipment. Hoods should normally be of the valance or island type
sized for a minimum of 0.35m/s air flow velocity through the hood
opening and designed and constructed for easy cleaning.

The materials used for hoods, extract ductwork and lagging shall be
non-combustible and maintain the fire rating integrity of any area
through which they pass.

Extract hoods shall generally incorporate integral, cleanable grease
filters, particularly in conjunction with fish fryers. Extract ductwork
systems shall be insulated where necessary to prevent the formation of
condensation; have sufficient access doors for adequate internal
cleaning and terminate at high level to avoid nuisance caused by
cooking smells. Duct connections shall slope towards the hoods to
drain condensation.

All kitchen/servery wash up hoods shall have an internal profile giving a
slope towards the edges. All hoods shall have an external edge drain
gulley around the perimeter. Kitchen extract hoods shall not
incorporate air volume control dampers.

Specific attention should be given to fitting individual automatic AFFF
fire extinguishing systems within the hood of any larger fish fryer.
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3.18.4

3.19

3.20

Make-up/Replacement Air

Kitchen facilities, not directly adgent to restaurant/dining areas shall
be provided with a dedicated fresh air supply air system to introduce
80% to 85% of air extracted and maintain pressurisation differentials.

Where properly ventilated/air conditioned restaurants adjoin the
kitchens they shall provide make-up air at a maximum rate of 7 l/s per
head. Any difference in extract and make-up air shall be provided by a
separate kitchen supply system. This system shall provide spot cooling
for kitchen personnel working at high radiant heat locations. Air
transfer grilles sized for 1.0 to 1.5 m/s through the free area should be
provided between the restaurant and kitchen where serving hatches are
small or likely to be shut for long periods.

Transfer air velocities should not exceed 0.25m/s.

Mess Rooms

Mess rooms may be intermittently occupied, but they shall be provided
with a mechanical extract system for the removal of odours and fumes
produced by tobacco smoke, hot beverages and meals, etc.

Make-up air shall be provided from central plant or allowed to infiltrate
from surrounding areas.

Mess rooms shall be maintained at a lower pressure than surrounding
areas to prevent egress of odours and fumes.

Stores

Stores shall be heated, ventilated or air conditioned for the protection
of the stored product.

This will entail provision of a clean, dry environment, heated or cooled
as required, pressurised to prevent the ingress of dust and fumes.

Where products are stored at low temperatures, duty and stand-by
unitary or split system refrigeration plant arrangements shall be
provided.

Where products are stored at elevated temperatures and large air flow
rates are involved, heat recovery systems should be considered.
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3.21

3.22

Supply and extract services may be available from central plant
otherwise independent plant will be required, sparetaordance with
the Sparing Philosophy (see 2.3).

Laundry Rooms

Laundry rooms shall be ventilated, cooled or heated for comfort of
personnel and for the removal of moisture, lint and other airborne
contaminants generated by laundry processes.

Exhaust air from automatic dryers shall be conveyed to atmosphere by
arrangement of auto-changeover duty and stand-by extract fans
together with an extract ductwork system connected to each dryer. A
cold air entry to the extract shall be provided at each dryer outlet so
that room air can mix with the hot discharge air before entering the

extract system.

Each dryer connection shall incorporate a cleanable wire mesh or
synthetic material filter to capture lint and fluff, etc., released during the
drying process.

Make-up air to replace that removed at the dryers andintib
temperature rise due to equipment heat gains shall be provided from
separate duty and stand-by plant or from central plant serving other
areas.

Toilets and Locker Rooms

Toilets and locker rooms shall be provided with mechanical extract
ventilation systems for the removal of body odours, smells and other
airborne contaminants.

The systems shall comprise two duty and stand-by automatic
changeover extract fans with ductwork systems sized for a minimum
extract rate of 10 air changes per hour.

Make-up air shall be provided by associated central plant or by
infiltration/migration of air from other areas.

Locker rooms used for wet clothing shall incorporate heated drying
rails and tubular heaters adjacent to lockers. The tubular heaters shall
be thermostatically controlled and incorporate fault trips.

Air extract points shall be located over each locker.
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3.23 Plant Rooms

Plant rooms ontaining HVAC building sevices plant or equpment

shal be medanicdly ventilated to limit temperature rise due to hea

gans from the equpment. A smal over-pressuref 15 Pa is desrable

in the plant room.

Where possble, dant room ventilation should be incorporated as pat

of the central HVAC plant containedin the dant room. For other cases
separate independent systems shall be provided.

3.24 Corridors

Corridors in buildings shall generaly be over-presaured relative to
rooms by means of ar suppied by the ceitral plant. A dedcaed
pressurisation control damper should be considered for this purpose.

Over-presauring will asdgst the escape of pesonnel in a fie by peventig ingressof
smoke or fumes.

4, DESIGN REQUIREMENTS
4.1 General

The design should consider the following issues:-

- Safety

- Operability

- Constructability

- Applicable codes

- Good engineering practice

- Minimum Cost

- Efficient systems operation.

- Suitability for the application.

- Practical and economic maintenance provisions.

The Desgn Contrador should damonstrate that the séeded appoach
is optimal, by means of appropriate capital and operating cost estimates.
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The design of the systems is deemed to include specification and
selection of plant and equipment items together with all controls and
instrumentation associated with the systems.

The design shall take into account the following influencing factors:-

@) Climate - arctic
- temperate
- arid
- tropical
- dry bulb temperatures
- wet bulb temperatures
- rainfall
- wind
- airborne contaminants

(b) Location country
- latitude
- altitude
- inland

- coastal

(c) Exposure - sheltered - city/town
- exposed - open land

(d)  Orientation - sun path
- prevailing wind direction
- prevailing wind speed

non-hazardous
- hazardous
- proximity to hazard

(e) Classification

() Safety - fire detection
- fire protection
- fire/smoke control
- gas/vapour detection

(9) Usage - continuous occupation
- intermittently occupied
- infrequently occupied
- unmanned

(h) Economics - type of system
- control
- energy conservation
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4.2

4.3

43.1

4.3.2

Responsibilities

The Desgn Contrador must easure that his work is fully co-ordinated
with all relevant and as®ciated work whether or not al disdplines ae
engaged under the same contract.

Safety

General

The HVAC systems shall be deggned for inherently sde operation
under all normal and emergency conditions.

All systems shall incorporate a snoke ntrol philosophy in ther
desgn. Sud a ystem shal principdly pressuise corridors and
stairways to alevel higher than the surounding areasto prevent smoke
ingress and to permit personnel escape.

For smoke removal, areashaving medhanicd extract systems shall be at
a lower pressure than adjacent areas.

Air conditioning or ventilation systems incorporating air redrculation
shall, on detedion of smoke, auomaticaly close redrculation dampers
and fully open the fredh ar and extract ar dampers to exhaust the
smoke to atmosphere.

Where the possbhility exists for toxic or ignitable gas to be drawn into
ventilation air intakes, gas detedors shall be provided to automaticaly
shut down the system and close isolation dampers.

Fire and gas isolation dampers shall be provided at & inlet and exhaust
penetrations and fire dampers wherever fire rated dructures ae
penetrated. In spedfic apgicaions fire and gas depers $al be
remotely controllable.

Shut-down of desgnated fans or fire and gas denpers &al be initiated
either automaticaly by the fadlities fire and gas detedion system prior
to extinguishent release,or manudly by the operator's pesonnel by
means of Local Fireman's Panels during an incident.

Blast dampers shall be fitted in air inlets and discharge locaions of
Blast Protected Category 1 Buildings (& Group RP 4-%

Accessibility
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4.3.3

4.3.4

Access kall be povided for saisfadory implementation of plant and
equipment maintenance procedures.

Optimum use of spae available dal be mnsdeed wth respectto
plant and equpment layout arrangements. Where mssble, dugicaed
components requring dsmantling or withdrawd for maintenance shall
make use of the same access space.

Hazardous Areas

Paticular dtention shall be gven to hazadous aea dassficaion and

the provision of equpment sutable to operde in the desgnated areas.
Reference shal be madeto BP Gioup RP 12-Zor the requrements of

electrical equipment for use in classified areas.

To redue the reliance on normal and emergency eedricd suppies,
hazadous aeas bould be naturally ventilated to crede an airflow
through the areado provide purgng requrements. Locaions where
gas pockets could form should be reconfigured to eliminate the problem
or provided with mechanical ventilation such as a 'jet air' system.

Where natura ventilation is inappopriate, aeas kall be medanicdly
ventilated and/or pressuised peferably by means of a system which
optimises air circulation by induction methods.

Air intakes for pressuising or puging the hazadous aeas kal be
located in non-hazadous aeasremote from the hazad source. The
positions of chimneys or flues and the prevailing wind diredion shall
also be considered when determining the location of air intakes.

Spedfic atention shal be gven to locaing air discharges where they
will not creae problems due to an extension of the hazarebus areaor
contamination of air intakes by toxic materials, smells or odours.

Air inlets $ould be located atleast6.0m from any ventilation exhaust
and 8.0m beyond any hazardous area limit.

Non-Hazardous Areas

Segegdion of ar inlets axd exhauds dal be sud that cross
contamination caused by recirculation is prevented.

Buildings or enclosuresin non hazaraus areas araot requred to be
positively presaurised but it is recommended that sSmple presaurisation
be povided as aminimum to prevent the ingres of the external
environment, dust and odours.
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Thereis no statutory requirement for pressurisation control of non-hazardous areas
although guidancesiprovided in BS 5720 ahthe IP Modd Code of safe Practice:

Electrical.

4.3.5 Pressurisation

4351 Pressuisaion of rooms or areas via the HVAC system shal be
employed to:-

@ achieve presarrisation differentils to gve the required
segregation for area classification.

(b) prevent infiltration of the extema environment and consequet
heat gain or loss to the enclosure.

(©) provide a means of smoke control by pressurising escape routes.

(d) to minimise the transfer of odours, smells and contaminants
from one area to another, e.g. kitchens, galleys, toilets.

4.35.2 Two types of pressurisation may be used:-

(a) Simple - atieved by desgning supgy and extract air flows to
be in excessof one awother to obtain the deggn pressue
differentials.

(b) Fully Controlled - achieved by means of automatic duct
mounted pressure control dampers or, fan inlet radial vane
dampe's, to modulate ar flows in respnse to monitored room
pressure @nditions cmparedto a pressure ference mwint and
thereby maintain pressure differentials.

4.4 Design Criteria

4.4.1 External design conditions.

For worldwide apficaions, rderence $ould be mace to Table A2-22
in the ABSE Gude. The table lists 1% annud exceedace values of
extemal dry bulb and wet bulb temperdaures in summer axd 25%
annual exceedance values for dry bulb temperatures in winter.

For UK instalations reference shal be nede to Table A2-1 in the
CIBSE Gude for winter deggn dry bulb temperdures sunmer degn
dry and wet bulb temperatures $al be extrapolated from Tables A2-5
and A2-6 in the CIBSE Guide.
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4.4.2

4.4.3

Internal design conditions

For internal design conditions, reference should be mede to Fig Al-2
and Table A1-2 in the CIBSE Guide.

Remmmended values for UK installations are listed in Table A1-3 in
the CIBSE Guide.

Ventilation rates
Ventilation rates shall be based upon:-

- Occupancy - the minimum fresh air rate required per person in
enclosed areas as given by CIBSE Guide.

- Odour control.

- Condensation control

- Hazardous Areas - 12 air changes per hour.

- Non-hazardous Areas - 6 air changes per hour.

The ar changes quted are reagnisedminima and shall be subject to
increa® as necessgy to offset spacdieat ganslosses ad to provide
aspration air for equpment in relevant areas. If theserates canot be
adiieved by natural ventilation (as demonstrated by cdculation) or
where paticular hazards tttate, medhanicd ventilation (in whole or in
part) shall be provided.

Air change rates $all be basedon full spacevolume without redudion
being made for contained equipment.

Therequrement fa 12 ar change pea hou for hazardouws areas is derived from
'Adequaé Ventilation in accadane with APl RP 500B ®ction 2 iten 2.2C.
Howeve, it should berecognsed that the mpirical approach cannot fully account
for the significant local influence on ar flows within any ventilatedspace. Where
stagnart regiors are pasble it may be necgsary to cary out a detailed flow
analysis. The design approach should be baseah appropriatestandad and the
philosophy documented accordingly.

Therequirementfor 6 air changes per hour for non-hazardous areas is to ensure
comfort and safety of personnel and to prevent the ingress of toxic or ignitable gas.

It should be noted that efficient ventilation andrging of aspacewill only be
achieved if the air flow is evenly distributed throughout.
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4.5

45.1

4.5.2

Air Conditioning System Requirements

General
Air conditioning systems shall be designed to meet:-

(@) daly and annud varations in outdoor temperaure, humidity
and solar radiation.

(b) internal load variations due to movement of people and
operation of lighting, machinery and equipment.

(c) maximum heaing and cooling loads and potential load
conditions including nights and weekeds and providing frost
protection if required.

(d)  sensible and latent load ratios that may be dfferent from (and
more onerous) than those occurring at maximum load condition.

(e) provision at al times of adequate ventilation without draughts
or stuffiness and with noise and vibration below the established
design conditions.

All-Air Systems

All-air systems <l caer for total heaing and oooling loads by
controlling the supdy ar condition. The g/stem should incorporate a
re-circulation fadlity where aproportion of the air is extraded and the
remainder mixed with fresh incoming air.

All-air systems may employ high or low velocity suppy air dudwork
distribution systems.

All-air systems may be categorised as follows:-

(@) Constant Volume
Constant volume all-air systems should be used in locaions
which operde with a reasnably constant load throughout the
year. They may be either low or high velocity systems.
Low velocity systems generaly include witary systems with

multi-zone units (with hot and cold dedk mixing) a particular
example.
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High velocity systems should employ single or dud duct supty
to terminal units, dual duct systems mking hot & cold air
suppgies at the orrect poportion to provide temperdure
control as dictated by room or space thermostats.

(b)  Variable Volume

Variable volume al-air systems should be used in locaions
which opeate at patial loads for most of the yea. Prime
energy consumption will be reduced by reducing the suppy air
volume (and corresponding extract) under low load conditions.

Spedfic datention shal be gven to ensure that saisfadory air
distribution, space humidity control and adequte fresh air
guantities are provided at all times.

Variable volume all-air systems nay incorporate high velocity
suppy ar dudwork arrangements with either sngle ductor dual
ductteminal units. The dffuserfrom ead variable volume uwnit
senving apelimeter one $al be sted at a optimum 500 mm
from the window. The maximum distance $al be 1000 mm
subject to review with the diffuser designer and the supplier.

(©) Air-Water Systems

Air-water systems should comprise a catral plant providing dl
necessey ventilation air and part of the total conditioning load
with main and final control provided by water coil terminals
(either fan coil or induction units) located within the conditioned
space.

Two, threeor four pipe waer drculating systems ae available,
depending on the degree of control required.

With two pipe ystems, sngle flow and return pipes should
circulate hot or chilled water as required to provide heding or
cooling on a seasonal, manual change over basis.

Three pipe systems should alow for separte suppy of chilled
and hot water with common return.

Four pipe systems should have separate hot and chilled water
supply and return arrangements.

Fan coil units should be locaed aganst outside wdls, space
temperdure ontrol shall be adieved by reguating fan speed
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4.6

4.7

4.7.1

(manud control) or by auomatic control of water flow and
temperature.

Fan coil units may be piovided wth direct fresh air connedion
or with duded onditioned freh air suppy combined with
mechanical extract.

Induction units rely on high velocity primary air stream forced
through jet nozzles within the wnit to induce room air through
the wnit and over the heaing or cooling coils. Capadty control
of induction units shall be achieved via water flow regulation or
air by-pass arrangements.

High velocity supply air system design allows snaller size ductork but
requires greater fan power.

Operation and Control

Elaborate g/stems involving multiple control/instrument interfaces shall
be avoided.

Control equpment and accesaries $iould be supgied to meet the
degree of accuracy appropriate to the application.

Spedfic dtention should be gven to the provison of centraised
monitoring and control to achieve optimum operation.

Control equpment and components $ould be capéle of controlled
response to load variations during part load conditions, in addition to
maximum and minimum load conditions.

Typical schematic contol diaggamsmay be found in Apendisé-.1, F.2 andF.3 -
Supplementary Commentary.

Emergency Operation

General

HVAC systems may be requredto operate duing emergency stuaions
to protect vital equpment or assst in means of escape videdit is
safe to do so.
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4.7.2

4.7.3

4.7.4

4.8

Hazardous Areas

HVAC eqgupment desgnedto operae in hazaraus area shall continue
to operde in an emergeicy under operaor control following ordedy
system shut-down. This will require the operator to override the shut-
down and redart the gystem if it is sde to do so ad for the system to
operde on full redrculation, ar intake ad dsdarge dapers
remaining closed until re-set via the safety shut-down system.

Computer Suites

Sgit air conditioning systems povided for computer sutes #$all
continue to operate inthe event of failure of the main plant to limit the
rate of temperature rise within the suite.

Smoke Control

Smoke control within buildings shall be achieved by operating spedfic
fans and dampes following an emergency, to crede locd aress of
pressuisaion. The operation of thesefans and dampers dal be from a
remote location, i.e. from the Local Fireman's panel.

The local aeas of presarisation ae necssary to allov mears of smoke-fee
escape of personnel.

Calculations

Cdculations shall be producedto supprt al system and equpment
selection and sizing.

These calculations shall include:

- Building fabric heat exchange (gains/losses).

- Internal heat gains.

- Duct and pipework flowrates, pressure drops and sizing.
- Equipment electrical power consumption and motor kW.

- Equipment utilities consumption: air, water, steam.

- Weight estimate for major equipment, and bulk materials.

A comprehensive survey of the internal load shall be mede. A list of
occupancy, lighting, instruments, madhinery, redifiers and other
equpment releasng heat shall be preparedncluding usefador, load
fador, power input, cdculated heat réease locaion arrangement and
other specific requirements.
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4.9

4.10

4.10.1

Infiltration gans or losses kal not be included vhen the aeas &
internally pressuised, unles the infiltration presswe exceeds the
controlled pressure.

Natural ventilation cdculations should consider both wind pressure
differentials and stack effect created by thermal gradients.

The natural ventilation wind efect omponent shall be cdculated to
provide the minimum air change requrements basedon a wind speecbf
0.5 m/s and the room or enclosure should have louvres or openings on
at least two opposite or adjacent faces.

Energy Conservation

Energy consewing or recupertive fedures &al be aspted wherever
these ca be judified by an accepable pg-back peiod aganst captal
expenditure.

To assigt the effectiverss of these measures, the building should be corstructed in
accordancewith the recommendations of the CIBSE Building Ene@pde.
Corsideration should be given to thesa of solar reflecting glas double o triple
glazing, blinds or other specific methods which can be justified.

The maximum use of outside air for cooling purposes should be
consdered paticulady where intemal upper temperdure limits are
above maximum external ambient temperature.

In locdions with extreme external ambient conditions of temperature
and humidity, outside ar quantity should be mhimised in order to
reduce heating, cooling and dehumidification loads.

Noise and Vibration

General

All madinery shall be isolated from foundations ad fixed ppework
and dudwork by means of vibration isolators and flexible
pipework/dudwork connedors, including sound proofing and
ductwork silencers if applicable.

The effectof noise levels on dl buildings and from equpment housedin
buildings shall be invedigaed and taken into acount duiing ddail
design.

Plant shall be séeded ad systems so deigined that noise ad vibration
levels quoted in 4.11.2 below are not exceeded.
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In the U.K. the requrements of the Nose at Work Regulatios 1989 will be
applicable.

The aim of these measures is to limit vibration transnisson and achieve acceptable
noise levels in adjacent occupied rooms and spaces.

* 4.10.2 Noise

In order to provide accefable living or working environments, $und
levels due to the systems shal comply with the recommended design
criteria gven in Table A1-10 ad Setion B12 in the CIBSE Guide.
Spedfic attention shall begiven to the seledion of fans (including those
for condensers and cooling towers) motors, fan coil units, terminal
units, grilles, diffusers, the internal finish, arrangement and air flow
velocities of distribution dudwork in order to adcieve the requred
noise levels.

Acoudic louvering or scre@ing may be requred apund ar-cooled
condensas or cooling towers to reduce noise transmisson to
surroundings.

Noise level information for the @ove equpment, basedon octave band
analysis dda together with the rderence level and teding technique
shall be provided for client approval.

Sound atenuators dal be szed ad/or acoudic lining provided in the
ductwork as required to achieve design noise levels.

Where necessgy, duct szes &al be increasedover those shown on
drawings as aoudicdly lined, so asto maintain the sane cross
sectional area.

Acoustic insulation shall also be applied to ductwork externaly to
prevent noise transfer where an intrusve noise from any source is
unaccepable and where duct mounted $und attenuaors will not
suffice.

4.10.3 Vibration
Rotating assemblies shall be balanced in accordancéS(itii940.
For fans with driver ratings up to 15 kW, vibration levels measured in
three panes atthe beaing housngs sal not exceed 18 mnVs RMS.

Between 15 and 75 KW vibration levels dal not exceal 2.8 mnvs
RMS.
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All air conditioning units, ventilation fans, pumps, compressors and
water chilli ng units shall be nounted on anti-vibration mountings of the
metal to rubber bondedin sheartype sothat d units ae medanicdly
isolated from the main structure.

Where alarge anplitude is requred, spring isolators incorporating
rebound damping shall be provided.

Anti-vibration mountings, which should have neans of levelling, shall
be sdeded for the paticuar apflicaion of macinery and location,
providing not less than 95% isolation from the disturbing force.
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5. EQUIPMENT

5.1

5.2

5.2.1

General

Equipment shal be séeded with due onsiderdion to the locaion of
the instalation (coastal sites being far more severe on the life
expedancy of plant than inland instalations) axd the paticular
application.

The equpment suppied $al be of robust @nstruction of a proven
design suitable for the specified hours of operation.

All equipment shall be suitable for its intended purpose and provide safe
use under d known operding oonditions including overoad if
anticipated.

Protedive devices shall be incorporated where necessey for pasonrel
safety.

Ductwork and Fittings

General

Ducdwork ingtallations shall be desgnedto convey fresh or conditioned
suppy ar together with re-drculated exhaust @& as requred throughout
the buildings.

Spedalist duawork systems may be requred for exhauging and/or
conveying aragve or toxic materias. Inthese cases specreferences
shall be made to CIBSE Guides.

The duawork arrangements may be ather centralisedor locd with high
or low velocity suppy ar systems and low velocity redrculation and
exhaust systems.

The duawork systems sl be artight and of good aeodynamic desgn
so as to minimise air turbulence, noise generation and friction losses.
They shall be adequiely braced ad diffenedto present drumming and
shal be sutable for direct mnnedion to equpment sud as fans,
dampers, heaters, coolers, air terminals and grilles, etc.

Dudwork and assciated fittings @mprise $raight sedions, hoods,
bends, tees, branches, hangers ad supprts, louvres, manud and
automatic dampers, access and cleaning holes.
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Spedfic attention shall be gven to the piovison and location of an
adequée number of balancing dampes to exsue easeof flow
regulation.

Final duct connedions to air terminals or diffusers may be nmede with
flexible duawork of appiopriate fire raing to sdisfy locd or national
regulations.

All Tow and medium velocity ductwork shal be le&k tested in
acordance with DW 142 Table 1 ad ar leakag class B and
EUROVENT 2/2.

5.2.2 Design Principles
There are two main categories of ductwork systems.

(@) Low Velocity, - with duct velocities less than
Low Pressus 10 m/s and static pressures less than
0.5 kPa for distribution systems and
1.0 kPa for plant connections.

(b) High Velocity, - with duct velocities between 10.00
High Pressure and 40.00 m/s, positive static
pressures between 0.5 kPa and 2.5
kPa; negative static pressures up to
1.5 kPa

5.2.3 Materials and Construction

Materials and construction shall, as aminimum, conform throughout to
the recommendaions contained in the HVCA dudwork spedicaion
DW 142.

Ductwork should be manufadured from galvanised mild sted shed,
although pladic, glass reinforced padic, dainless sed or masonry may
be proposedfor appopriate duies. Maerias $ould be incombudible;
pladic dudwork shall be provided wth adequ#e fire protedion
insulation, etc., to ensure the integrity of the system.

Extema dudwork shal be of a high qudity, heavty gauge, obust
construction and shall be proteded from the dements as apppriate.
For example, external sed dudwork shall have a minimum thickness of
3 mm, shal be fully weded onstruction and dather gdvanised dter
manufacture or painted.
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5.3

5.3.1

5.3.2

Where masonry airways ae proposedthe interior suface should be fire
resistant, smooth, airtight and treated against erosion.

Kitchen extracthoods $all be of brushedfinish gainless sted and shall
be provided with adequate clear-out openings to fadlitate full access
for cleaning of the dudwork. The arraagement shall include d¢eanable
greae filters and an auomatic dry powder or inert gasfire piotedion
system. Integral vapour-proof lighting panels shall be provided inside
the hood.

Sutable insuating gaskes, deeves ad wasers dal be provided where
dissmilar materidls may be in contad in order to prevent galvanic
corrosion.

Where dudwork penetrates verticd or horizontal walls or floors, the
dudwork penetration shall be arraaged sub that undue load is not
cariedon the gructure,that leakage ayund the ductis minimal and the
fire integrity of the wall or floor is not impaired.

The spae between the dudwork and penetrations sl be cadked with
fire resistant packing as a means of fire stopping around the duct.

Piping Systems
General

Layout of HVAC piping systems sal be considered in relation to the
building or enclosure $sructure axd due onsiderdion and alowance
shall be made for:-

- co-odination with architectural & structural requirements
- co-ordination with other services

- simplicity of the installation and constructability

- access for commissioning, operation & maintenance

- access and facilities for testing.

Water Piping

Water piping for heaing and cooling systems may be ged or copper
with screwed flanged or weldedjoints, in acordance with BP Gioup
GS 142-6

The gping arangement should ensure a @od dstribution of water to
the various heaers or coolers within the HVAC system at dl conditions
of load.
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An emnomic balance between pipe s$zes ad pumping power is
required.

Note that it is advantageosi to design the systems with the maximum practical
temperature differential to give a minimum flow rate.

Water velocity shall not exceed 4.0 m/s.

Water velocities in excess of 4.0n/s must be avoided in ier to limit system noise
and erosion of the pipework.

Locaion of expansion joints should be considered in relation to
branches which may acommodae only small movements. The
maximum load applied to pumps or other equipment in the line from the
piping shall not exceed the equipment vendor’s specified limits.

Provision must be made for venting at the system high points and for
draining the system low points.

Water volume expansion, dueto change in water temperdure, $ould
be caered for by provison of a sutable expansion device, éther an
open tank arrangement located atthe highest mint in the g/stem, to
maintain a positive pressue in the gstem, or a pressuised (by inert
gas) closed tank arrangement installed at a lower level.

5.3.3 Steam Piping

Steam suppy and condensae reurn piping for heaing systems may be
sted or copper wth flanged or welded joints in acordance with
Appendix A ofBP Group GS 142-6

The gean suppy piping shall be wiformly gradedin the diredion of
stean flow to dlow complete dainage of the g/stem when not in
operation; free from pockets where cndensae can collect (except
those provided for colledion and dranage) ad <hal be capale of
distributing steam at full design and partial loads.

Condensde lines shal be gadedto drain by gravity to a ®ndensae
receiver, for lifting to the condensate return line, or to waste sewer.

For optimum peformance and to evacude non-condensable gases
(CO,/AIr) individud steam traps &al be providedfor ead sepaate heat
emitter.

The stean traps sould be szed to dsdarge the maximum rate of
condensage and should peform effedively over the entire operating
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range to minimise the escgpe of live steam, or backing up of
condensate.

Typicd steam trapping arangement are illustrated in BP Standad Drawing S-
1240 (7 sheets).

5.3.4 Refrigerant Piping

Refrigerant piping shall be of seamless copper tube with capillary
fittings for smaller sizes or steel for larger sizes.

Rdrigerant piping systems dould be deggned for minimum pressue
drop and gas velocities to prevent oil entrainment.

Due consideration should be given to the following:-

- maintaining a clean, dry system.

- ensuring correct distribution of refrigerant in evaporators.

- ersuring entained lubricating oil is always conveyedbadk to the
compresor without famation of accmnulation andslug flow in the suction
line.

- preventing liquid refrigerant daining into o condesing in the
compressor during shut do, and from entering the compressor during
operation.

- avoiding excess suction gas superheat at the compressor inlet.

Rdrigeant lines &al be dearof dl foreign matter sut as flux and
welding dross, &d evacuded before diargng with refrigerant, usng a
vacuun pump to remove moisture and condenséble gasin acordance
with CIBSE Commissioning Code R.

Bends, spiings ad sds upto and including 42nm diameter may be
made in dtu where gandard fittings canot be usedor where this
method will give a neder appeaance Pulled bends or offsets which
show flattening, rippling or congtriction of the bore will not be
accepted.

Long horizontal lines should be inclined to assst flow. Fittings in an
appopriate inert material should be provided between abutting sedions
of copper and steel piping.

54 Fans
54.1 General

Seledion shal be based on the nost suitable combination of size
arrangement, type and dassof construction to meetthe requred duty
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5.4.2

while providing stable operation at ax accepable noise level and
efficiency.

Motors, drives, starters and overloads shal be cmpaible with the
required fan.

A suitable margin (circa 10%) over the estimated design load should be
allowed for rating of motors, starters and cabling.

Fans should be both staticaly and dynamicaly balanced before leaving
the supplier's works.

Belt driven fans shall have a mnimum of 2 belts provided. Belt guards
shall be provided ad include accesBor motor speedfan speel and belt
tension check without removal of belt guard.

Fans for usein hazadous aeas kal be sutable for the apfication,
having anti-sparking protedion; materials used shall be incombustible
(aluminium shal not be used); non-sparking rubbing strips shal be
incorporated where moving parts may come in contad, drive belts dall
be anti-static; suficient eathing bosses kall be incorporated to dlow
proper hook-up of the fan assembly to the facility earthing system.

The following factors should be appraised when selecting fans:-

- air flow rate

- system resistance

- enteging air condition temperature, humidity, dersity, contaminants i.e.
dirt, fumes, gases, etc.

- barometric pressure/altitude of location

- application (comfort, quiet, industrial)

- space available for fan motor and drive

- permissible weight and structural loading

- ingtallation configuration, paition of inles and outles and drection of
discharge

- type of dive and arangament; facility fa drive type adjstment type of
bearings and greasing arrangement; guards and speed control

- fan accessories such as casing access doorsn dohigs, vibration
isolators, flexible connections and flanged inlet and outlet connections

- specid featues : protectie paint and finshes, split casing (large
centrifugals)

Axial Flow Fans

Axia flow fans shall comprise an impeller with aerofoil sedion blades
mounted on a hub locaed in a g/lindricd casng. The fans should be
compad and suitable for mounting in any locdion in the ductwork
systems. They may be dther drect dive or belt driven. The suppier
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shal be adiised wvhether the fans areto be mounted verticdly or
horizontally to ensure that correct bearings are incorporated.

These fans will geneally be used fa low presaure applicatiors, where the system
pressure is not subject to fluctuation.

Increased pressure may be generated by the addition of guide vanes or by
arranging contra-rotating fans in series.

5.4.3 Centrifugal Fans

Centrifugal fans shal consist of an impellor mounted in avolute casing
sud that ar entering the casng axially is dscharged radily. The fans
may be either direct drive or belt driven.

Centrifugal fans may be:-

@ Forward Curved: the impeller shall comprise multiple short
forward curved blades operding at dow speedio generae low
pressure at medum efficiency (50-60%). These fans are
suitable for al low and medium presaure duties in stable, non-
arduous ventilation applications.

These fans will have an inherent overloading charaderistic, i.e.
at constant speeal a reduction in presaure requirement will give
increased flow rate and increased power requirement.

(b) Padde Bladed:the impdler sall have anumber of radal blades
mounted on a'spder or back pate. Thesefans are sitable for
conveying air with a hgh dust burden or abrasive particles
generally applied to industrial extract systems.

(© Badkward Inclined: the inpeller shal comprise a number of
deep,backwad inclined blades &her graight or curved. These
fans will operate in the higher efficiency ranges of 70 - 75%,
generae medum to high pressures (1@to 3500 Pa)and have
a non-overloading characteristic.

(d) Badkward Curved Aerofoil: shal have smilar operating
charaderistics to backwad inclined type but aeofoil sedion
blades will result in higher efficiency (80 - 85%) operation.
These fans will generally be applied in systems requiring high
pressure levels, i.e. large high velocity systems.

5.4.4 Propeller Fans
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Propdler fans shal be deggnedto operate aganst low resstancein free
air conditions. The fans gal comprisetwo or more blades of constant
thickness fixed to a centre boss, arangedfor diaphram mounting. The
fans shall have very high volumetric capatty at free ar ddivery with
very low efficiency (less than 40%). These will generaly be used for
smple suppy or extract ystems (without dudwork) and in small
cooling towers and air cooled condensers.

5.4.5 Tangential Fans

Tangentia fans shall comprise aforward cuved multiblade cetrifugal
type impdler but with gredly increasedblade length and with the
normal air entry blanked off. The fans will generate a relatively high
discharge velocity sutable for use in fan coil units aad room air
conditioners, etc.

5.4.6 Mixed Flow Inline Fans

Mixed flow fans shall incorporate both axial and radal ar flow
components by means of a dwrouded impdler with agofoil sedion
bladeson a wnicd hub. Sator gude vanes shal be provided
downstream to remove swirl generated by air flow through the impeller.

The fans dal operae athigh efficiency (70 - 75%) ad athigher datic
pressures than equally sized axial flow fans.

The minimum operational hours of the motor bearings shall be 30,000.

They ae capable of being salled in any paition within ductvork systemsand will
frequenty be wsed insystemsrequring large ar flows at high pesare, subject to
fluctuating external pressure on the system.

The suppier shall be informed if the unit is to be used in the verticd
plane.
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55

55.1

5.5.2

Filters

General

Filters dall be provided atthe ar intakes of mechanica ventilation and
air conditioning systems to reducethe anount of ar borne slt, dust ad
contaminants from entering the building in addition to the removal of
odours, vapours, gases, etc., as necessary.

All filters sl have pressue dfferential sensors cnneded aaoss each
filter. Spedic atention shal be gven on larger ystems for automatic
alarm at the HVAC control panel.

Desgn shall be in acordance with BS EN 779:1993(EUROVENT
4/5) and from which various factors and definitions are utilised below.

Selection

The following factors shall be appraised when selecting filters.

design air flow rate

air velocity across the filter face

resistance (pressure drop) for clean and dirty filter conditions
filter efficiency

upstream and downstream concentrations of dust particles
dust holding capady : the massof dustthe filter can retain
while maintaining air flow during arise in presaure drop from
initial clean resistance to twice that amount.

possible fire hazards.

size of plant or installation.

eoonomic considerations of capta cost, redacement material
costs, cleaning operations and labour involved.

Filter seledion should be determined for a particular applicaion using
data provided in Section B3 and Figure B3.58 in the CIBSE Guide.
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5.5.3 Filter Types

Filters may be dry media panel type or viscous impingement type and
either replacement/throwaway type or automatic arrangement.

Dry panel type filters will usually be employed on small systems of up
to 5 ni/s tota flow rate. Constructed in various sizes of panel to
operde at face velocities of 1.0 nVs upto 1.25 m/s, they may be
arranged for front, side or rear withdrawal.

Rea withdrawal dry panel type filtess are wsed onlywhen asecondstage filte is
provided.

5531 Permanent Dry Type

The filter meda may be fabric, processed fadics or brush type, with
efficiency up to 95% ad with medum to high dustholding capatty.
The filters dal be deanable by either wasing, compresse air or
vacuum cleaning. They may be used as either pre-filters or main filters.

5.5.3.2 Dry Replaceable Media Type

These may be useal as main filters wth high efficiency 95%to 99% ad
high dust holding cgpadty. The filter media shall be wadding or fabric
cariiedon metal frames arragedin pleaed'W' or bag form to presat a
large filter surface area.

Filter media shall normally be changedieplaced at 1.5 - 2.0 rties the initial
pressure drop.

5.5.3.3 Throwaway Type

May be usedon gmaler gdants where sevicing requrements of
permanent types would be uneconomic.

Efficiency may be upto 90%. Medh materials may be fabric, plagics,
glass or metal fibre mounted in wood, metal or cardboard frames.

5.5.34 Viscous Impingement Type
Thee filtersmay be all metal construction between 50 mm and 100mm
thick and have dficiency of up to 90%. They should have high dust

holding capacity with little increase in pressure drop.

The filters should beserviced bywashing andre-oiling ard will be primarily used
for industrial or engine air intakes.
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5535 Automatic Air Filters

Automatic air filters sould be usedon large ystems where space
permits and where they have eonomic adrantagesover pane types.
They may be sdeded for ar flows ranging from 0.5 nt/s with face
velocities between 200 and 275 m/s. Hgher velocities shall be

avoided as this results in ncreased pressure drop and posshility of carry

over of filter media or wetting oil.

Automatic air filters are packaged ursf geneally they caonprise a lage open
framework over which continuows lengtts of motor driven filter media s gradually
advanced such that as the media becomes loadldd dust it is continuously
replaced with clean media.

5.5.35.1 Automatic Dry Type

Avail able in various grades of fil ter media (glass aaylic or smilar fibre)
with efficienciesof 80%to 85% - depeding on meda density. Meda
advancement should generadly be via pessuwe dfferential switch
arranged to wind over the two spoals in V, W or S patterns using
guides or rollers to reduce overall size.

These filters geneally comprise one spool of day falric media which is
automatically drawn across the air stream and wound onto a second spool.

5.5.3.5.2 Automatic Viscous Type

Automatic viscous inpingement air filters should be used in
environments subject to heavy concentrations of dust.

The filters may be rotary saeen, rotary panel or constantly cleaned
fixed element type, wth efficiencies of 80% to 85%. They shal
normally be time switch controlled to maintain constant operating
regstance of 50 Pato 125 Pa aawding to type. Renova of dust
dudgefrom the oil trough shall generdly be manud, automatic removal
is not normally employed.

They comprise a continuously rotating curtain passing thncaugath or trough of
oil which acts to remove the dust loading and renew the viscous coating.
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5.5.3.6

5.5.3.7

5.5.3.8

Electrostatic Air Cleaners

Thes filters are capéle of removing large quatitiesof dust espadlly
in the smaller particle range. They should be used with pre-filters (to
remove large paticles ad ensue even air flow over the face area) and
ater filters (to oollectlarge agdpmeratesbreakng free from colledion
plates).

As thesefilters operate at high voltage, sitable interlocks shall be
providedto ensure'power off' when maintenance accesss requred. A
suppy of hot water with detergent solution is dso reqired for washing
down. Thisis normally an auomatic function integrded into the control
sequence.

Electrogtatic air cleaneas are two stage packaged urdt The frst stage canprises a
series of fine wires that imparts the dugt particles with a pdaitive electical charge;
the secondstage, couisting of aseries of paallel plate geneally coatedwith a
water soluble viscous solution is charged negative o alternatively negative and
positive. The voltage gadient this created causes the positively charged dust
particles to be deposited on the negatively charged plates.

Carbon Pack

These filters may be usedo remove odours, fumes,vapours and gases,
etc., in order to protect persnnel or sendtive materals/equpment.
The filters should operate with alow facevelocity, lessthan 1.75 nvs.
Provision of an efficient pre-fil ter is essential to avoid rapid 'clogging’ of
the carbon media.

The cabon meda may be dther 'adivated or ‘catalytic' and may be
either 'throw-away' or suitable for regeneration by the manufacturer.

Carbon pad filters are geneally pre-fatricated fully asmbled packaged units
comprising shelves of cabon packed panslor trays containal within a steel
casing.

The cabonmediashould be continuagly monitored b ensure corred performance
and should be replaced when performance is no longer adequate.

Absolute Filters

High efficiency paticuate ar (HEPA) or absolute filters with
efficiencies of 99% to 99.995% in ac®ordance with BS 3928sodium
flame test shall be provided for medical or clean room applications.

The nedia should be suitable for high humidities, high temperatures or
chemicdly corrosive amospheres,or both. Thefilters $ould always be
used in conjunction with pre-filters.
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5.5.3.9

5.5.3.10

5.6

For optimum performance the filters sould operate with low face
velocities (lessthan 1.5 m/s) and with laminar air flow. The panel
arrangements dal be popely seded in place ad teded in sStu to
detect any leakage prior to commissioning.

These filters comprise pane$ of teated o glass pape media in honeyconb
formations contained in mild steel or wooden casings.

Sand Filters

Sand/Dust filters shall be the packagedinertial sepaation type
comprising assenblies of prefabricaed vee pockets dl contained within
a dieetmetal casng with flangedinlet and outlet sutable for dud-work
connections.

The assembly shall be inherently self cleaning or shall be provided with
an auomatic compressed i blow-through cleaning system. Deppsited
sand and dust &al be owlleded into chutes or hoppeas for
transportation elsewhere.

The air intake connedion shall be povided wth insect sceen and
weather louvres as required.

Grease Filters

Greasefilters dal be povided in kitchen extract hoods particularly
as®ciated wth fish and fat fryers. The filters shal be desgned to
provide anple aoling suface aredo cool cooking vapours suficiently
for the grease vapour to condense onto the filter media.

Greae filters dal comprise dl-meta cdls, dedro-gdvanised, with
woven wire meda formedinto pyramid pockets mntained within metal
panel frames fitted with handles for ease of removal. The panels may
also be of stainless steel having impingement vanes.

The filters shall be cleanable by immersion in hot water/detergent
solution.

Filter Coalescers

Filter coalesceas should be utilised in coastal regions where fog, sea
mist or driving rain frequently occur.

Filter malesces dal comprise an arrangement of first-stage coalescer
panels and seond-stageinertial sepaation contained within a stainless
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5.7

5.7.1

5.7.2

sted casng sutably flanged for dudwork mounting, complete with
drain trap connection.

The first-stage oaescer bkal comprise paels of synthetic material
pads contained in stainless sted frames arrangedfor sdeor front access
withdrawd; the seond-stageinertial sepaator shall comprise abank of
stainless #d vanes poviding at least three changes in air flow
direction.

Filtration efficiency shal acdiieve removal of sat particles to a
concentration of 0.05 p.p.m of sdt in ar by weight under d weaher
conditions.

Air Heater Batteries

General

Air heder batteries are diéned as ducimounted apgiances for waming
air. For optimum performance they requre wniform facevelocity, 3.5
m/s for gilled tube type, and 4.0 m/s for plain finned type.

Heder batteries may utilise hot water, stean or eledricity as the
heding medum, basedon an ewmnomic assessent relative to the
services available.

The heaer batteries $all generally comprise one or more (but not
usudly more than five) rows of finned tubes or elements conneded to
heades and mounted within a ieetmetal casng having flanged eds.
The tubes or elements may be horizontal or verticd, but dways
horizontal for sepentine wils and dways verticd for seam heded
batteries. The arangements sould offer minimum regstance to air
flow.

Heders may be setionalised to sut control, manufaduring or
installation requirements.

Pre-heaer wils locaed before ar filters ould be ather dain tube or
have wide spaced fins for easy cleaning.

Selection Factors

Fadors to be appaised when sdeding heaer batteries $al be as
follows:-

- design air flowrate
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5.7.3

5.7.4

- entering air conditions (dry bulb temperaure and density), ar
qudity (dirty, oorrosive, or hazadous dmospheres,
requirement to operate in freezing temperatures.

- required leaving air dry bulb temperature

- air side face velocity and resistance

- heating medium

- steam and hot water

entering temperdures ad pressures
and allowable differentials.
- size,type ad location of connedions
and circuiting arrangements.
- provision for ar venting and drainage
and access for tube cleaning.
- eledricity - voltage, fases Bd maximum
element temperature.
- terminal box enclosure rating.
- construction/materials for tubes, fins, casg, number of rows
and arrangement, type of extended surface and spacing
- dudwork system ar pressue at wint of heaer installation, air
leakage rate through casing.

Hot Water Coils

Hot water wils deggnedfor comfort heaing systems usudly requre no
more than one or two rows of tubes in the diredion of ar flow to
producethe requredheat capaty. Resstanceto hot water flow in low
pressue installations through the wils $ould not exceed 4 kPa. tber
fadors such as the need to balance circuits will govern the resistance in
higher pessue gstems.  Sdficient hot water flow and return
connedions should be providedto ensure even distribution of heding
medium.

Flow conredions dould be atthe lowest wint of the heaer with the
return connection at the highest point to aid venting.

Coils may be arranged for parallel or contra-flow configurations.
Contra-flow (i.e. hottest water meding the leaving air) is preferred for
multi-row coils asthis providesthe highest possble mean temperature
difference.

Steam Heated Coils
Steam hedaed coils require rapid elimination of air, condensate and

other non-condensables together with uniform distribution of stean to
the individual tubes for optimum performance.
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It is esential that condensate isremoved from the coil as soon as it is
formedin orderto avoid waer logging. If the heaers are reguedto
operate under light load then sedionalisaion of the wntrols sould be
considered.

With entering ar temperatures at OC or less, afrost valve sould be
incorporated to pas a @mntinuous waming flow of seam through the
coil.

In extreme ardic appicaions non-freeze 'tube within a tube' type
steam coils may be considered.

Adequate means of venting the steam space must be provided.

The stean condition entering the heder dwould be dy but not
superheated.

5.75 Electric Air Heaters

Eledric ar heaers sould have the dedricd load baanced acossthe 3
phases of the electric supply.

To provide automatic temperaure ontrol the heaer sould be dvided
into setions;, ead sedion complete with its own bus bars and
connedions and means of dedricd isolation sud that individual
sections may be capable of withdrawal for maintenance/repair.

All heders shall be dedricdly interlocked wth fan motors sud that
heders will be switched off when fans are stopped or air flow has
dropped below a sde level. Manud reset &ment high temperdure
trips $all be povided as a $eaty feaure. The manud resetbutton shall
be located on the external face of the heater.

The suface temperature of the heaer dements il be limited to a
maximum of 15C°C under any condition. Where apgdicéble, the heders
shall be certified for use in gaseous atmospheres.

Eledric dements dal be deahed black heat type incorporating a
80/20 nickd chrome redstance wre wdded to temmina pins and
encased in an alloy 800 tube.

5.8 Direct Fired Heaters

5.8.1 General
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5.8.2

5.8.3

Theseheaers $ould be deggned to be free sanding or duct mounted
and sutable for large open areaindudrial type @mplexes. The heat
exchanger element shall normally be fully welded usng duminized or
stainless sted or smilar materials to form a clam shell or cylindricd
tube and drum exchanger.

The heat exchanger $would aeae minimum regstance to arflow and
provide efficient transfer of heat with minimum noise generation.

Selection

Fadors to be appaised wen sdeding drect fired heaers dal be as
follows:-

- air flow to be handled

- entering air conditions

- leaving air temperature

- allowable air side resistance

- unit is complete with all necessary safety controls

- locaion of flue outlet is sutable for unobstructed venting to
atmosphere and not subject to wind back pressure

- access mvided for inspec¢ion and deaning of pilot and main
burners

- sight glasses provided for burner observation

- adequée suppy of combudion ar to ensure maximum
efficiency

Gas Fired

Gasfired drect heaers dal be povided wth ether an atmospheric
type burner or auomatic forced ©mbudion type ad should be
complete with al necessary controls for pre-purging, gas ignition,
operation and safety.

- atmospheric burners sl have flame failure devices, slenoid
control valves, pilot and ignition controls and (possbly) gas
governor.

- auomatic forced @©mbugion burners <al comply with
appropriate international/national standards.

A manudly resethigh temperaure cu-out shall be povided together
with a pressureor flow switch intefock to prevent heder operdion in
the event of no air flow through the heater, i.e. fan failure.
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Flues for amospheric type burners éal be provided wth draudt
diverters. Automeatic burners dal be fitted with ether a drect flue
connection or with a stabilizer within the flue system.

Fludess gasired heaers ould be used amakeup ar heaers and will
usudly be contained within a package unit comprising inlet louvres,
filter bank, burner and baffle arraagement and suppy ar fan. Their use
should be limited to large open aress with little or no personnel
occupancy, and generdly for drying out purposesin new or refurbished
buildings.

All units gal be teded axd appoved by an appopriate national
authority.

Note that appliancein excesof 44 kV are not pemitted in the UK by the Building
Regulations.

584 Oil Fired

Qil fired heaer burners $all be ather vapourizing type for low output
equipment) or the presaure jet type, and should be complete with timing
controls and sdety cut-out devicesfor ignition failure and main flame
failure.

The units dal be piovided wth high temperdure cu-out protedion
and asdety cut-out for reducel air flow or fan failure, by means of a
pressure switch or air-flow switch.

Produds of combugion shall be removed viaflues &her dredly or via
a flue stabilizer if required.

Flues shall take the shortestand leasttortuous route to amosphere and
shall be designed in accordance with Section B13 in the CIBSE Guide.

Qil flow to the burner sould be reguated thermostaticaly to control
the leaving air temperature in response to varying conditions.
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5.9

5.9.1

5.9.2

5.9.3

Air Cooling Coils

General

Coadling coils shall comprise a number of rows of finned tubes
conneded to heades and mounted in a deet $ed casng having
flanged exds sutable for mounting in dudwork systems or forming part
of a packagednit. Tubes #$ould be either (a) solid drawn coppe,
expandedinto duminium fins finished with a vinyl coating or (b) copper
tubes wth copper fins and copper heades, and the whole assmbly
should be dedro-tinned dter manufadure. Type (b) shal be used
aways on coadal instalations or installations where the atmosphere is

likely to be corrosive. Headers shall be sized to evenly distribute water.

The wils sould be povided wth condensae drain trays fitted at
intervals not exceedng 900mm and arrangedto dran into a sump. In
generd, cooaling coil face velocities $al be in the range of 1.5 to 2 m/s
or as required to prevent moisture cary-over. To pevent moisture
cary-over, downstream eliminator plates shal be provided if coil face
velocities of 2.4 m/s and greater are selected.

Return bends and headers should be loused within removable covers
allowing space for insulation and vapour sealing.

The woling meda @mnredions il be arangedfor contra-flow such
that the leaving air flows over the coldest coil surface.

Chilled Water Coils

The cooling medium should be chilled water, glycol mixture or
(possbly) chilled brine.  Where brine is used al construction and
welding/brazing meterials shal be compatible and fluid velocity in tubes
limited in acordance with BS 5141 to avoid ersion in tubes ad
bends.

Coil leaving air temperatures shall be controlled by modulating the flow
of water through the coil.

Refrigerant, Direct Expansion Cooling Coils
With direct xpansion refrigerant air cooling coils, spedfic attention
shall be gven to control becauseof the interadion with the refrigeration

system and the limiting rangeability of such systems.

To adieve a wde ontrol rangethe aoling coils $ould be divided into
two or more setions eat with its own thermostatic expansion valve,

RP 14-2
HEATING, VENTILATING AND AIR PAGE 55
CONDITIONING - ONSHORE



5.10

5.10.1

5.11

5.11.1

solenoid shut-off valve and sudion line. The sedions may be arranged
one on top of the other in an interlaced sfit aaossthe full faceor in-
line horizontally one behind the other. For increased dege of control
eat sedion may be fed by individud compres®rs and condensing
units, eab sedion peaforming an equa share of the duy to avoid
frosting caused by unequal evaporating temperatures.

Humidifiers

General

Humidifiersdesgned as packaged eqpment for incorporation into the
HVAC dudwork distribution should dso have wntrols integraed with
the HVAC gystem to provide humidificaion in the conditioned space as
required to maintain design conditions.

Volt free contads shall be provided on the humidifier locd panel for
controls interfacing.

The recommended type of humidifier is the steam generation type
comprising dedrode boilers, ®ntrol systems and sterile steam
distribution sparge or nozzles forming a packaged unit.

Water supfies $ould be fitted with an appoved type of back flow
preventor or combined check and anti-vacuum valve.

Other types of humidifiers are available; haeve, these ae notrecannended, to
avoidthe healthrisks sometimes attributed to cetain types of units which circulate
water during the atomising process.

Air Handling Units

General

Air handling units for buildings and enclosures shal be fadory
asembled skid mounted padkaged units comprising filters, heaing and
cooaling coils, humidifiers, fans, motors and drives, all contained within
a single compartmented enclosure.

The packaged nits sal be mmplete with al intemal wiring, piping
and controls ready for asimple hook-up to building services and utili ties
such as ductwork, power, water and drainage.

Casngs $al be double sknred and encapsilete athermal and amudic
insulating membrane as specified.
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5.11.3

5.11.4

Discharge ductwork conredions may be hgh or low velocity as
appropriate.

The enclosure $all be equpped wth hinged aors to provide acces to
the equipment components for operation, maintenance and repairs.

Spacer sdwons dal be incorporated to fadlitate inspedion and
mounting of control detectors and instrumentation.

Bulkheal lights shall be provided in fan and mixing box sedions of all
arr handling units. The bulkheal lights shall be operated from outside
the unit assembly.

Air handling units shal be suitable for either external or internal
locaion as speied, ad shal be wmplete with necessey protedive
coatings and weather protection as required.

Draw Through Units

Draw through ar handling units dhall be arraged sub that dl the wnit
equpment components (filters, heaing and ocooling wils dc.) are
locaed on the sudion sde of the suppy fan. In this arraagement the
suppgy ar leaving temperaure from the @oaling coil has to be
sufficiently reduced to allow for the supply fan and motor heat gains.

Blow Through Units

With this arrangement the cooling coil shall be positioned on the
discharge side of the supply fan.

This will ensure that fan and nmotor hea gains are absorbed by the
cooling ooil, and the lowest & leaving temperdure can be obtained
from the cooling coil. Thus, the mhimum mess flow of cold air to the
conditioned area will be required for cooling purposes.

Dud duct ar conditioning systems dall incorporate blow through air
handling units.

Multi-Zone Units

Multi-zone air handling units shall be spedficdly designed to satisfy
particular multi-zone building arrangements.

The units gall include heding and cooling oils positioned one &ove
the other on the discharge side of the suppy fan; the wils gould be
provided wth a range of auomatic danpers acoss the face arranged
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5.12.1

5.12.2

sud that as edt hot duct danper dosesthe correspnding zone cold
duct damper opens.

Low velocity duatork connection are made up to apmpriate goups of dampers
to suit particular zones to beserved; the hot and cold astreams are mixed within
eac dud in the carect popartions to satisfy the load conditios as dictated by a
room or zone thermostat.

Diffusers, Registers, Grilles and Jet Nozzles

General

Diffusers, registers, grilles and jet nozzles shal be designed, seleded
and postioned to provide een, draudnt free @ distribution and
movement within air conditioned or ventilated rooms or aress of
buildings and enclosures.

The units shall be suitable for celing, side wall or floor mounting as
spedfied manufacduredfrom formed deet $ed or extruded &minium
sedion with particular attention being paid to sgquareness uniformity
and standard of finish.

All units should be complete with all necessary fasteners, fixings,
seding gaskes and rings, and penum boxes asrequred for ease ad
simplicity of installation. Where possble, fixings sl be of a conceded

type.

Air velocities through the units dould be sut that noise gaeration is
below the spedfied limit and due allowance shall be mede for partially
closed volume control dampers.

All diffusers, registers and grilles shal be provided with an
appopriately desgned volume wntrol damper mounted upsrean, key
adjusted through the face of the units.

Vanes or blades may be spedfied to run in the short or long dimension
of the unit, be of adjustable or fixed form, single or double row.

Where mssble, suppy and extract regsters and grill es shall be matched
in appearance. Transfer grilles shall be of the non-vision type.

Diffusers

Diffusers should be séeded for suppy ar apgicaion; however,
matching types &al be usedfor extract ar in the sane room or
locaion; they may be of circular, squareor redangular patem with
fixed or adjustable blades or continuous slot linear type.
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5.13

Squareand redangular dffusersmay be arrangedfor 1, 2, 3or 4 way
air diffuson. Adjugable blades kall provide horizontal or vertical
discharge.

Linea diff users may be single or multiple slot and shall be adjustable for
horizontal, vertical or intermediate direction of air flows.

Where high ar volumes are requed, pefrforated face diffusers,
complete with spigot and acoustic box should be considered.

Circular diffusers offer good ar entainment and povide efficiehdiffusion of large
quantities of air.

Registers & Grilles

Registers and grilles may be seleded for supgy, extract or transfer air
apdicaions. They may be squarer redangular xape wth removeadle
centre cores of either fixed or adjustable blades.

Jet Nozzles

JetnozZesshal be for suppy ar function only. They shall be of either
fixed or adjustable drum type or swivelling ball type designed for long
throw or diffused air pattern for personnel/spot cooling.

Multiple fixed drum arrangements may be usedto adieve high
induction air movement.

Fire Dampers

Fire danpers dal be providedin duded ar distribution systems as
required by locd authorities and by fire regulations. In general fire
dampers will be required where air ducts pass through fire compartment
walls or fire rated shafts and floors.

Fire danpers dhal be manufaduredfrom sted at leastl.6 mmthick and
shall be held open by afusible link or frangible bulb set to fail at 70°C.
The assmbly should have at leastthe same fire regstance as the
structure through which the duct passes.

Redacament of the fudble link or frangible bulb shal be possble
without dismantling other components of the fire damper.

Fire damper blades should be of aerofoil profile for minimum resistance
to ar flow when fully open. The blades and linkages shall be capdle of
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operation under the maximum system operating conditions. Multiblade
dampers should have opposed blade operation.

Fire dampers for useon high velocity distribution systems should be the
intedocking cutain type wth the bladeslocaed outside of the ar
stream to avoid excessive friction losses and noise generation.

Where fire danpe's ae requredto interface wth Fire and Gasor sdety
shut-down systems they shall be mmplete with solenoid operated
eledro or pneumatic aduaors of the sping reurn fal sde type
designed to close on failure. Limit switches for remote indication and
position indicator shall also be provided.

Automatic or manually controlled fire dampers shall have aclosure time
not exceeding 3 seconds.

All fire damper controls, aduators, solenoid valves, limit switches, etc.,
should be arrangedin a @ntrol housng or enclosuremounted extemal
to the danper casig. The exclosue sould be complete with
removable access cover for maintenance purposes.

The fadlity to by-pass the frangible bulb operation shall be provided to
all dampers, either pneumatic or eledricdly operated. This fadlity shall
only be operated under controlled conditions.

Pressure Control Dampers

Presaure control dampers shall be provided in ductwork distribution
systems where it is necessgy to maintain accuate deggn ar pressue
differentials within the buildings or enclosure.

The dampers should be deggned to modulate ar flow rate in respnse
to change in a control variable.

Positive air presaures shal be maintained by modulating extrad flow
rates, while modulating suppy ar flow rates $al control negaive
pressures.

Automatic presaure control damper construction shall include multiple
agofoil blades erangedin opposedblade ation. Blade &afts sl be
supported in seded ball beaings which are eaby redacedle from
outside the damper casg. The danpers shall be complete with
aduator/positioner controller and position indicaor al contained wthin
an enclosure mounted external to the casing.
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Simple mechanicd presaure relief dampers shall comprise multi-blade
configuraion arranged for pardlel operdion contained in a flanged
steel casing.

The blades shal be interlinked eternally and incorporate an adudable
tension spiing or weight which shall keep the damper closed under back
draught or non-operating condition and which will alow the damper to
open as the upstream pressure increases.

Volume Control Dampers

Volume control dampers shall be designed to control the flow of air in
the dudwork system by varying the regstance to flow. They may be
hand operated balancing danpe's when their normal useis to adieve
initial regulation of air flows, or automaticaly operated control dampers
to provide air mixing, bypass or throttling control.

Single bladed denpeas al be redricted to smal duct sizes where
accurate control is not essential.

Iris danpers amployed in circular duds sal consist of moving leaves
that form a variable orifice.

Multi-led, multiblade dampers shall comprise two or more blades
linked together to operde in pardlel or opposed ation, i.e. al blades
rotate in the same direction, or opposite direction.

Hand opeated dampers should be povided wth a lockable operating
quadrant/position indicator.

Mixing dampers may comprise two or more dampers, mecdanicdly
interlinked sub that asone opens the other closes, and interlocked
through the control system to operate in unison.

Sdedion of auomatic dampers shall take into acount the requred
flow charaderistic, pressure drop and mechanica suitability for the
apgicaion. The danper atuaor and pilot positioner sould have the
required timing, stroke and torque rating.

Shut-Off Dampers

Shut-off dampers shal be employed in dudwork systems to
auomaticdly isolate equpment or sedions of dudwork in the event of
ar flow failure or an incident. They will be particularly employed on
fan discharges to prevent ar redrculation during change over of
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5.17

5.18

running and stand-by fan sets and to alow large fan sets to run up to
speed against closed damper to avoid fan motor overload.

The danpers dal operate on atwo position bass (open or closed)to
give mhimum restriction to airflow when open and tight shut-off when
closed. Sutable gaskés or seds sl be povided on the bladesto
ensue tight shut-off. The dosue time of these denpers shal not
exceed 3 seconds.

Damper construction shall be similar to presaure control dampers (see
5.14), excluding the glot positioner. The danpers $ould be complete
with solenoid controlled spring return fal safe aduator, position
indicator and limit switches for remote indication, all contained in an
enclosure mounted external to the casing.

Non-Return Dampers

Non-return dampers dal be located in dudwork systems to prevent
reverse flow of air in the system.

The dampers shall comprise nultiblade or butterfly arrangements
desgned to open in the dredion of the ar flow only under the
influence of the air strean pressue and to dose duing system shut-
down or during back draft conditions.

The bladeson non-return dampers dal be interlinkedto ensure they all
operate in unison.

Dampers bearings shall be of self lubricating type.

Blast Dampers

Blastdampers shall be incorporated within structural openings of fresh
air intake ad exhaust & discharge ints in blag-proof control
buildings.

The blastdampers $al comprise a ted framework for bolting into the
structure together with bolted d¢ed backng plates and banks of spring
sted damper blades bolted to the backing patesto form the composite
blast damper arrangements.

The sping damper blades kall dlow free passagof air flow during
normal operation, but shall reactto fully closein milliseconds due to the
pressue wave and sudion phaseof explosive incidents and shall return
to the normal position when the pressure is abated.
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5.19

Refer toBP Group RP 4-@or blast load conditions.

Acoustic Attenuators

Attenuators shal be fadory made units designed for mounting in
dudawork systems to redu@ the transfer of mechanicd and ar-
generaed noise wthin the dudwork. The attenuaors shall provide a
high, broad band insertion loss per unit length.

Units shall be normally constructed with outer metal casing of
redangular or circular cross-setion fitted wth intema lining and
splitters of sound adsorbing material within air passag ways. The
fadng of splitters or lining should be of dense absorbing neterial or
peforated or expanded metal. The whole arrangement shall be
aendynamicdly and awmudicdly desgned to provide maximum
acoustic performance with minimum resistance to air flow.

Splitters shall be mounted in the vertical plane to prevent sagging.
Spedfic attention shall be gven to avoid turbulent air flow at entry and

exits of attenuaors, to ensure optimum peaformance and to prevent
noise regeneration taking place.
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5.20 Air Terminal Units

5.20.1 General

Air terminal units ae normaly as®ciated wth high velocity high
pressue dr systemsto provide ameans of converting the high velocity,
high pressure pmary ar to low velocity, low pressure sendary air
suitable for discharge into the rooms or enclosures.

The units $al comprise a acudicdly lined box incorporating a satic
pressurereguator and sound baffles together with high velocity inlet
and low velocity outlet air flow connections.

The units may be single duct type with one pimary ar connedion or
dud duct mixing type for use wth hot and oold dua duct pmary air
systems. Dud duct mixing boxes $al be povided wth an addtional
motorised inlet mixing damper, which under the dictates of room or
spae thermostats shall control the mixture of hot and oold ar sreams
to maintain design temperature conditions.

The units may be supgied in different arrangements to suit spedfic
applications as follows:-

5.20.2 Constant Volume

These units shall be provided wth fadory set onstant volume
reguators to maintain a onstant suppy ar flow at low velocity to the
rooms or spaces aggst variations in pressue in the primary air duct
presaure. The units shal have the cgpability of manual site adjustment
and should be available for both single duct and dual duct applications.

5.20.3 Variable Air Volume

These wits dal incorporate aflow throttling damper arrangement in
addtion to the gatic pressure redator. The wits sould supgy air at
constant temperdure, the flow rate being decreased abe woling load
reduces to maintain design conditions. With dual duct variable air
volume units, the cold duct mixing damper should be fully open for
maximum cooling with the hot duct damper fully closed until the cold
duct readies its minimum sedting in respnseto a deceasein cooling
load. Any further deceasesn cooling load should restt in the opening
of the hot duct damper.
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5.20.4 Reheat

For multi-room or multi-zone buildings supgdied with centrally treaed
and distributed air at a ©ommon tempeature, @ntrolled to sdisfy the
gredest cooling load in any room or zone, the intema desgn
conditions in other rooms and zones may be maintained by eledric or
hot water re-heat coils provided integrally with the terminal units.

Constant volume and variable air volume units may be provided with
terminal re-heat coils.

5.21 Fan Coil Units

Fan coil units dal be package ass#lies omprising water heaing and
cooling coils, condensde dran trays, drculating fans and filter unit al
contained wthin a sngle casg having bottom air inlet and top air
discharge facilities.

Altematively, the units may be mounted in the horizontal plane. This
requirement shall be confirmed to the supplier.

The units shall be suitable for applicaions with intermittent loads and
are bestlocaed atroom or zone externa perimeters. The units may
incorporate a fresh air facility.

Heding or cooling output control shal be adieved by modulating
valves in the water distribution systems in response to local sensors.

5.22 Induction Units

Induction units shall comprise arrangements of hot and chilled water
coils contained within a shed metal casing complete with primary
airway and nozzes air-way for inducedroom air to passover the coils
to discharge through grilles into the room or space.

Coils may be combined dual function (hot and cold) for al pipe
arrangements, or separte heaing and cooling for three or four pipe
arrangements.

The units shal normally be aranged wth verticd ar discharge for
sting at windows on perimeter walls. A simple lint screen is usually
provided as a means of filtering the induced oom air; filtering and
conditioning of the primary air is achieved at the central plant.
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5.23 Refrigeration Plant

5.23.1 General

Refrigeraion plant for ar conditioning in buildings and enclosures
should be supgied in the form of padckaged units for mounting diredly
on solid foundations or on resilient mountings where it is necessgy to
minimize transmission of noise and vibration.

The package nits dal comprise arangements of compres®rs ad
drives, eaporators, ondensas, ®ntrol panels, together with all
necessary controls and interconnecting piping and cabling.

Compres®rs $ould be the vapour compresson type evaporators may
be flooded shell and tube type producing chilled water, or dry dired
expansion type where the rdrigerant is used dedly as a ooling
medum; condensersmay be ar cooled type or shell and tube waer
cooled type.

In multi-compresor installations, isolating valves shall be installed to
fadlitate a compresor in-situ repair or removal, but still permitting the
remaining compres®rs and cooling drcuits to operate. Gompres®r
protedive devices ad instrument gauges Isall be arangedto meetthis
requirement.

Only non-CFC refrigerants shall be used.

In accadane with the Monteal Protocol and subsequent Directives, the
production and use of CFCs' is being phased out.

Absorption type water chillers using lithium bromide as an absorbant
shal only be mnsideed for very large installations where a constant
suppy of hot water or low pressuresteam is readly available or where
electrical supply is limited.

Heat rejection fom absorption typewater chillers is geneally double th& of
vapou compression machines, hence vy large cooling tevers will be required for
satisfactory operation. Although noise and vibration are vewadad p to 10%
turndoamn on capacity s attainable, the ungmust be maintained & a high vacuum
for corred functioning; any leakagenay catse intenal carosion o crystallization
of the lithium bromide.

Vapour compresson systems may be dassfied by the type of
compressor utilised, as follows:-
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5.23.2

5.23.3

Reciprocating Compressors

Capadty control shall be by means of cylinder unloading in equal steps
which shall determine the design and operating temperatures of chill ed
water systems.

Redprocaing compres®rs dal have ather hermetic, semi-hermetic or
open drive motor configurations.

Available in awide range ofsizes and deaigns, they aie geneally used in packages
of up to 300KV of cooling capacity althoughratings in exces of 1000k are
available.

Fully hermetic machines with the mmpres®r and motor enclosedin a
pressue vessé are not sevicedle and shal be normally confined to
low output units up to 15kW of cooling capacity.

Seami-hermetic machines are most frequently sed; they ae more compact quieter
and reliable than open typemachines. Theymay beserviceable, although to avoid
introduction ofmoisture into thesystem, which can danage the motor, servicing
should only be carried out by skilled and competent personnel.

Open dive canpressors are eaily serviceable butthey require more floor space
and therr reliability depend on the effectiverssand peformance of the dve shaft
seal betveen compressorand motor. Their use should be considensigere
competent inhoge maintenancestaff are available andvhere rapid remedid action
is required.

Centrifugal Compressors

They shal generaly incorporate two dagesof compresson with an
interstage eonomiser to improve dficiency. Modulated control
appoaciing 10% of full rated capady shal be atanable, in
conjunction with condensing pressure control.

Centrifugd compres®rs may be drect diven or driven via a speed
increasing gea train and may be semi-hermetic (thereby eliminating the
need for drive shaft seal) or open drive.

Centifugal compressors are best suited fa large capacity igtallations; they ae
geneally available in factoy assembled unis of 750KW cooling capaci and
upwards.

Centifugal machines shall have minimum moving pats which lead to reliable
operation and infrequent need for maintenance overhaul.

Care must be execised to pevent foulig of the condemser, partial failure of
condenser coolant flwand accumulation of air in theompressoms any of these
can lead to 'surging causedby unstable refrigerant fle through the compressor.
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5.23.4

5.23.5

5.23.5.1

5.23.5.2

Suging, characteisedby asignificantrise in nose level,may cawse danage to the
compressor and drive motor.

Low output units, operatingwith low pressure refrigerants with evaporators
opeating belav atmospheric presaure may be paticularly at risk from leaks that
can draw air and moisture into the system.

Screw Compressors

Capadty control, down to 10%output, shall be atievedby varying the
compres®r disgacanent by means of a didevalve to retard the point at
which compression commences.

Unitsincorporating aflooded eaporator requre an oil recmvery system
to remove the small quantity of lubricaing and sed oil injeded into the
compressor, which will collect in the evaporator.

Qil coolers shall be provided on units which utili se the oil to remove
some of the heat of compression.

Drives may be seni-hemetic or open as desdbed in 5.233. The
madhines $all be sutable for use wth both shell and tube water cooled
and air cooled condensers.

Saew compressors geneally follow the same application codderation as
centrifugal machines.

Two types are available, high speed single or high speda d$crewv, both are

positive displacement machines which avoid therisk of surging and reduction of
capacity due to high condenser pressures.

Evaporators

General

Rdrigeration plant evaporators sl be refrigerant direct expansion
cooling coils or shell and tube cold water generator type forming an
integrd part of the rdrigerdion plant packageto generde old water
for use with chilled water cooling coils.

Refrigerant Direct Expansion Type

Refrigerant dired expansion cooling coils shall be generaly as
described in 5.9.

They may be arranged for mounting in ductwork or within air handling
units as part of 'Split System' refrigerant plant.

RP 14-2
HEATING, VENTILATING AND AIR PAGE 68
CONDITIONING - ONSHORE



5.23.5.3 Shell and Tube Type

Shell and tube evaporators may be dather the flooded type or dry
evaporative type, depending upon application.

Flooded type shall be arranged for water flow through the tubes with
refrigerait in the sl giving flooded operdion and high rate of heat
transfer. These units shall be suitable for al duties, they may
acommodae large fluctuaions in load, requre a large rérigerat
charge and shall be suitable for generating chilled water down to 4°C.
Capadty control shal be generaly acieved by arefrigerant expansion
device sensitive to refrigerant liquid level in the shell.

Dry evaporative type $al be arangedfor water flow through the shell
with refrigerant through the tubes. The uwits requre a snaler
refrigerant charge than the floodedtype of evaporator, and are sitable
for water temperaures a@wn to 4°C and duiesup to 750RV. Capady
control shall be achieved via thermostatic expansion valves which limits
flexibility.

Shel and tube evapaators comprise a welded pessure vessl containing a heat
exchange surface in the form of finned tubes locatedelet tube end plates and
having removable end covers to provide access to the tubes.

5.23.6 Condensers

Condense's may be either the waer-cooled el and tube or ar-cooled
type, depending upon application.

The heat of compression absorbed by the refrigerant asqgfattie refrigeration
plant cycle is rejectal at the condeser to return therefrigerant to it liquid state
before entering the expansion valve.

5.23.6.1 Water-Cooled Shell and Tube

Condenser presaure control shall be meintained by controlling cooling
water temperature. This dal be adieved by by-passng the oling
tower to give constant flow through the condenser at varying
temperdure this prevents low water velocitiesthrough the tubes which
could lead to increasedfouling. Throttling waer flow through the
condenser is not acceptable as this causes surging in the compressor.

Double bundle mndenser arangements dal be avalable for heat
redaim, where the heatis rejeded by two systems. One to the cooling
tower and one to the air conditioning system.
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Water-cooled shell and tube condears are suitable fa a wide range of dutis

Normally associatedwith large packaged urst they conprise awelded presaure

vesEl (or shell) containing condesing surfaces in the fam of coppe finned tubes
held betveen tube end plaseind havingemoveable end coveto provide cleaning
accessto the tubes. Therefrigerant crculates in the shell while the coolingwater

circulates through the tub® The arangements geneally opeate in &ociation

with cooling towers to recool the water.

5.23.6.2 Air-Cooled Condensers

The coils shall be of copper with auminium fins; copper fins nay be
required in severe or sdine locdions, and shall be tinned after
manufacture.

The larger szed wits dal generaly be aranged wth the wilsin aflat
horizontal configuration with verticd ar flow to present the lowest
profile least affected by wind conditions.

Air-cooled ®ndensers bould be locaed awg from down draudis
caused by wind flow over and around adjacent buildings.

In large wits, ondenser pesswe @ntrol shal be achieved by varying
the air flow over the tubes, i.e. by fan speed ontrol. In smaller wnits it
shall be achieved by causing liquid refrigerant to partialy fill the tubes
and thereby reducethe dfedive moling suface. This method cdls for
a receiver to store the additional refrigerant.

Gengally for use with snaller systems these unisrequre vey large volumes of air
to function propely. They ae ofrelatively lage phyical size andrequire more
fan power than cooling towers or evaporative condensers.

The units comprise banks of finned cditsouch which hot refrigerant gas is
circulated and ovemhich atmospheric air is dran or blomn by fans to abstrthe
heat.

5.23.6.3 Evaporative Condensers
Evapaative condegers are not fequently sed in air conditionirg sysems They
comprise arefrigerant tube bundle encdad in asheetmetal caing through which
air is blomn and ovemwhich water is sprayed to provide cooling ésevaporates
into the air stream.

Condenser pressure control is similar to that employed for air cooled condensers.

Evaporative condensers will be less efficient and more costly than other types.
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5.24 Unitary Equipment

5241 Room Air Conditioners

Room air conditioners also known as window or through-the-wall units
shal be sdf contained packaged nits incorporating a room side
evaporator (direct epansion cooling il), an extemal air cooled
condenser, compressor, integral controls and an electric heating coil.

These unis offer a vay basic form of air conditioning. Comol is by canpressor
cycling with corsequentsanings in room temperature and hmidity. Roan noise
levek are inadeasedwhen the unitsin opeaation. The unit geneally only requre
an outside wall for mounting, asuitable eleatic pomer supply and condesate
drain.

5.24.2 Unit Air Conditioners

These wmits dal be snal or medum capady units comprising air
handling equpment and rerigeraion plant within a séf contained skid
mounted packagedrelosure. The wits sal be sutable for extemal
(roof) mounting or sutable for internal location as free standing units.
The mndensermay be waer coledor aremote or combined ar cooled
unit.

5.25 Split System Air Conditioning Units

Split system air conditioning units shall comprise a bcd ar handling
unit containing a rdrigerant evaporator (direct expansion cooling coil)
intercmnneded via refrigerait piping to a renote skd mounted
condenser set comprising compres®r, condense, fans, motors and

controls.
5.26 Cooling Towers
5.26.1 General

Mechanicd draudt type ®oling towers #al be usel in HVAC
applications for the cooling of refrigeration plant condenser water.

Grill es and fil ters should be provided to limit entry and build up of dirt
and other debris carried by the air stream.

Cooling towers geneally comprise a metal a wood supestructure containing
packirg of treatedwood @ plastic material over and throughwhich the condeser
water is sprayedvia an array of pipes and spray nozzles. Air is induced or forced
through the towers by fans to be discharged at high level.
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The cooled condesar water is collected in ttays or basins in the bottam of the
tower for conveying back to the refrigeration plant condenser.

5.26.2 Selection
Factors to be considered when selecting cooling towers are as follows:-

- condenserwater flow rate and temperdure range through which
it is to be cooled

- design ambient wet bulb temperature

- any limitations on height, plan area requirements, operating
weight, noise and \Vibration or aesthetic requirements siting with
regad to adgacent wals, windows and buildings and effeds of
any water carried over by the air stream.

- siting with regardng to exhaustheat or contaminated ar from
other process plant materials of construction for tower and fill
effect of high ambient or solar radation temperatures when the
tower is not in use

- fire risk

- wind effects

- maintenance access
5.26.3 Induced Draught Towers

Induced draulgt towersmay be ather the counter flow or cross draubt
type, depending upon application.

Slow speed]ow noisefans dall be used ad dsdargeverticdly at high
velocity to minimise the chances of air recirculation.

Medhanicd moving parts will be nore realily accestble, but the risk of
redrculating sduraed ar is higher if the wits arelocaedin a onfined
space.

Inducead draugh towers hawe fans positioned at the ai outlet fom the tower,
normally on the top but sometimes in the side or in ducting.

Themechanicalmoving pats hoseve, will be pasitioned in a hot hmid air stream
and ae notso readily accesible for maintenance. Ab with fans located at the top
of the tower superstructure, vibration must be given special attention.
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5.26.4

5.26.5

5.26.6

There are two versions of induced draught towers:-

(@ Counte Flow. the fars induce a vatical flow of air up through the tower
packing ove which the condeser water flows in the oppasite direction for
maximum performance i.e. coldest water in contact with driest air.

(b) Cross Draught: the fas induce a hoizontd airflow through the vertical
water fall. These unis requre more floa space but hawe much lower
silhouette, blending well with architectural requirements.

Forced Draught Towers

Forced draught towers utilise fars located at the aiintake to blev ambient ar into
the tonver, up and aoossthe packing in counteflow direction b the water flow.
The air is discharged at the top of the tower.

Air discharge should be naintained at high velocity to avoid risk of
recirculation of saturated air stream.

The mechanical equipent at the bse of the tower is readily availabé for
maintenance acas Fansizes are limited hoveve and a lager number of smaller,
high speed (hence naer) fans will be requred conpared to induced draught
towers.

The power requirement fa this type of tever is usually greater than for the induced
draught type.

Closed Circuit Towers

For certain applicaions, fouling or corrosion in the cooling water
system may be waccepable. In these case closed circuit cooling
towersshal be useal in which the mndenser waer is drculated through
cooling ooils within the tower while a completely separge water suppy
is redrculated through the tower and over the coils to acdiieve
condenser water cooling.

Fouling and corrosion is restricted to the extmal surface of the cooling cdl the
condenser water within the coils remaining clean.

Condersing efficiencywill be less than fao open tevers due to the extra stage of

heat exchange involved.

Water Treatment

Water treament shall be provided to maintain the circulating tower
water at appopriate conditions. pH $ould be cntrolled between 8.5
and 9.0 and biocides employed to prevent agae baderia or dime
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developing in the tower. In addition an automatic blowdown shall be
provided to limit the concentration of dissolved solids.

Treament to eliminate the growth of Legionella pneumophila shall be
provided.

Reguar analysis of the @oling tower waer dal be carred out to
verify that baderial contamination is not preset or is being efedively
controlled.

Cooling taver return water basins or sumps are geneally fairly shallow: with high
circulating rates at peak operating conditiowater change rates in the order bb
to 3 pe hou will be common resulting in a concentation of solids amounting to
sevaal kilogramsdaily if thewater is hard. If the water is soft, acidic conditions
may develop pdicularly if the tover washes out arborne contaninants in the form
of sulphur dioxide from the atmosphere.

5.27 Pumps

'Heaing' and 'cooling’ water sevices punps for HVAC appgicaions
should generally be single stage centrifugal type.

Punps $al be povided wth medanicd seds and heavy duty ball
beaings in combination with deeve beaings as aplcable. All pump
materials in contact with water sl be séededto avoid corrosive or
electrolytic attack.

Pumps, motors and drives shall be readly accestle for operation,
maintenance and repairs. Close attention should be paid to the pump
inlet and outlet configuraions and position of isolation valves, non-
return valves and strainers to avoid excessive pressure drop.

Punps shall be locaed sud that a net positive sution head is
maintained with the pumps remaining fully primed during starting and
running conditions.

Punp conredions sall be flexible, or pipework adacent to the pumps
shall be supjprted by flexible hangersto avoid unaccepable loadsand
transmisson of noise and vibration into the piping system or building.
Electrical power connections to the motors shall also provide flexibility.

Full consideration shall be given to the mnsequacesof aleak caused
by fallure of pump flexible connedions in high heal installations.
Where the risk axd consequeces ae deened to be severe, the
pipework and hangers dall be spedly desgnedto atenuae vibration
in lieu of flexible pump connections.
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5.28

Pump motors and dives are available in the follaing configuations depending on
size, duty and application.

@) Direct Coupled with the pump andmotor mounted on the same baseplate,
the motor drives the pump through a flexible coupling.
The pump has its wn bearing, duty is adjusted by
varying the impeller diameter.

(b) Belt Drive: where the pmp has its own beaing and baeplak and is
driven by themotor mounted ondide rails eithe at the
side a on the top of the pop. Duties may bevaried by
selecting pulleys to run at the appropriate speed.

(c) Close Coupled where the mpeller is fitted to an extendedwotor shaft
which entegs the ca&ing. The motor beaing shall
withstand all the thust developed ¥ the pump. This
arrangement is suitable only for thiewer range of

duties.
(d) Inline: with the pump casing arranged to provide inlet and
(floor mounted outlet connectios on thesame cente line for ease of
installation.
(e Inline: similar to floor mounted inline but of light enough
(pipeline construction to be fitted safely into the pipework
mounted) system. Generally limited to lower range of duties.

Heat Exchangers

Heatexchangers for use with HVAC systems may be non-storage &ell
and tube type, or high efficiency plate type, depading on the piimary
medium, i.e. steam, hot or cold water.

The end plates shall be removeale to provide access$or cleaning the
tubes, locd primary heaing or cooling pipework shall incorporate short
removedble final connedions, provided with suitable couplings for this
purpose.

Exchanger pate materia shall be gainless ted type 316for normal
apgications. Titanium plates $all be providedfor heavily chlorinated
or sea water.

The exchangersmay be arrangedfor verticd or horizontal mounting on
feetor crades and should be complete with flangedor screwel primary
and seonday flow and return connedions together with al necessey
branches for sdety vaves, pesswe and temperature gauges,dran
cocks and vent lines.

Shell and tube heat exchamggeneally comprise aweldedmild steel shell, cast
iron or steel seanwate chet end plats with extendedsurface coppe tubes
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expandd on to sted or non-farous tube plats arranged fo single a multi-passas
required.

Plate heat exchange geneally comprise a series of specially formed corrugated
herring bore pattern plates arranged to achievenaximum turbulencewith true
primary and secondary fluid conterflow to provide a high heat transfer efficiency.

The plates will be mounted on arfime betveen fixed and moveabk end plates
drawn togethe via extended tie bat The plates will incorporate double-jointed
buty rubbe gaskets to prevent cossflow contamination of the pimary and
secondary fluids.

5.29 Heat Recovery Systems (Air)

5.29.1 General

Equipment for this purpose necessitates the exhaust discharge and fresh air intake
streams to be in relatively close proximity.

The inaeasing need fo enegy corservation ha led tothe developrert of various
types of heatrecovey/reclaim device. Adoption of a pdicular system must be
econanically justified, a two/three yea return on capital invetment would be
typically considered viable.

5.29.2 Run-Round Coils

This gistem comprisesindividud heat echange ®ils locaed in the
suppy and extract ar sreams of large gstems and interconneded by a
pumped waer pgping system. The gstem shal be thermostaticdly
controlled sut that the punp operdes only when the extemal air
temperdure is below the deggn exhausttemperdure or, dtematively,
the pump only operdes when the exhaust @& temperdure is higher than
the supply air temperature.

5.293 Air-to-Air Heat Exchangers (Crossflow-Stationary Recuperators)

These unis corsist of factay packaged ites comprising an enclaure containing

an arangement of paallel air paths sepaated bymetal a glass vanes. Hea is
transferred from the warm exhaustair stream to the cooler fresh air stream across
the walls of the unit in a counter flow effect for maximum efficiency.

The unis offer reasonable tansfer efficiencies and are practically maintenance
free. Relatively lage and caplex ductwrk arrangeaments will be requred to
conveg the intake and exhat air streams through the un#& which may be
considered a disadvantage of the system.

5294 Thermal Wheels

Thermal wheek comprise a heatretaining material rotating in a caing driven by
an electic motor. The caing is dividedsuch that the exhati air passes through
one segment of thewheel in one diection and thesupply ar passes through a
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different segment in the oppste direction. A the wheel tuns heat take up in
warm exhaust stream is transferred to the cooler outside air stream.

The wits dal incorporate a puging setion to prevent any transfer of
contaminants from the exhaust.

5.30 Automatic Controls

5.30.1 General

Automatic control systems dall be deggned to control temperatures,
humidity and pressures hin the occuped spaceto maintain the
following:-

(@) a sde and comfortable environment for personnel, sutable
conditions for process eqpment operdion and protedion, and
for the shelf life and quality of stored products.

(b) prevention of over-heaing or cooling; efficient emnomic
operation to reduce energy consumption

(© permit conditions to be controlled and adjusted within pre-set
limits.

5.30.2 Functions
The controls system shall include the following functions.

(@ Control - To maintain temperature, humidity and pressure
at desired levels within predetermined limits.

To meet thee requrements, contol devices will
incorporate the follaing control actions as appropriate
to the application:-

0] two position control

(i) proportional control

(i) proportional plus integral action

(iv) proportional plus integral plus derivative action
(b) Sdety - To prevent tempeatures, humiditiesor pressues

exceedng sde limits and prevent equipment
operating beyond them.
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- To provide means of interfadng with fire and gas
detection and smoke control systems.

(©) Opeation - To provide means to dop and start the HVAC
systems in a preddermined sequece to provide
eonomicd operating cycles to match HVAC
system output to load conditions.

5.30.3 Performance

Desgn of HVAC gystems and assciated @ntrols g/stem shal be
consderal together to adieve optimum performance axd emnomic
operation.

Heaing and cooling equpment and components, ntrol valves ad
dampe's shal be sized so that controls components can be popely
matched.

System load changes and variations dall be analysedtogether with time
lag effects.

Correctly selected control devices will therefore take into account the following:-
(@ Construction and thermal capacity of the building.
(b) Types and thermal response of the HVAC system.

(© Use of building and hours of occupation.

All HVAC control equpment and components sal be capale of
adjustment to ded with maximum and minimum conditions plus
intermediate load conditions.

Controllers and sensing dements for dl apgicaions dal be locaed
where they measure aruly represatative wndition not influenced by
solar effeds, draudts, vibration, lighting, ébnormal heat @ndudion or
fluid stratification or stagnation.

Control valves ad dampes dal be szed and sdeded with suficient
pressue drop comparedto the /stem head,to provide @rrect @ntrol
authority.

Incorrectly matchedHVAC camponens and autonatic contols will lead to poor
and in some circumstances, uncontrollable conditions.

Quality and accuacy of contol equipment should be coastent with accuacy of
contol requred. Contol equipment, capable bproviding more precise control
than the application requires will be under utilised and therefore uneconomic.
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5.31

5.31.1

5.31.2

Insulation

General

Insulation, whether thermal or aooustic shall comply with the
requrements of BS 476 the appopriate setions of BP Gioup RP 52-1
and in patticular to the requrements for control of flamespread rad
toxicity.

In the dseaice of a BP supfementary spedficaion for insuation, the
following text should be used as broad outline guide only.

HVAC equpment, piping and dudwork shall be provided wth thermal,
acoustic and fire protection insulation as required to:-

- Satisfy Local Regulations and Bylaws

- Consave energy, i.e. prevent undue heat g@ns or lossesor
formation of condensation

- Provide protection for personnel

- Reduce plant generated and air borne noise

- Provide protection in the event of fire.

Insuation materids sal be proof aganst rotting, mould and fungal
growth and atack by vermmin; be non-hygrosapic and odour free at the
design temperatures ranges.

The materials shall not contribute to the spread of fire or smoke; if
combusted they shall not produce dense smoke or toxic fumes.

Adhesives shall be non-combustible and shall be compatible with the
insulation. Additional fixings in the form of spire pins and clips may be
required.

Insulation shall not be applied until presaure/les tests are complete for
the pipework or ductwork.

BS 476Parts 7 and 8 refer.

Thermal Insulation

Thermal insuation shall be apfiedto hot or cold sufacesin large slabs,
continuous rolls or rigid sedions as per spedficaion to maintain

maximum continuity of insulation.

Insuation on bends and fittings $would be formed from mitred and
trimmed sedions cut to ensure agood contad with the surfaceto be
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5.31.3

insulated. Continuity should be neintained by firm butting together
with adaceit dabs seéed wth sdf adhegve vapour barrier type tape,
or hand applied sealer.

All rigid setions sould be accuately matched in thickness vith no
steps or undulations apparent on the surface.

Insuation on cold sufaces kall be provided wth an extemal vapour
barrier to prevent the formation of condensaion on or within the
insulation.

The vapour barrer dal not be perced by supprts, and load
distribution deeves should be provided where necessgy. At points of
discontinuity the vapour barrier dould be rdurmed and seded to
prevent entry of moisture.

In general only materials with low thermal conductivity throughout
their entire working temperature range should be considered.

Thermal insulation exposed to the weaher shall be rendered completely
waterproof by an extema cover or claddng which shal be proof
against deterioration with age or the effects of solar radiation.

Thermal insulation exposed within plant rooms shall be clad to aheight
not less than 2.0 m fom floor level with appropriate metal or plastic
materials.

Acoustic Insulation

Acoustic insulation to ductwork shall take the form of heavy density
glass fibre or mineral wool dab liner. The liner suface &all be faced
with neoprene or smilar reinforced membrane to provide anon-taut,
porous, ®und &bsorbing suface free from ‘fibre fly' or erosion
fragmentation.

Acoustic insulation shall be applied internally to ductwork and
equipment casings to limit transfer of noise into the space, ad appied
externally to avoid noise 'breakin’ where the dudwork systems pass
through noisy plant areas.

Where aomustic lining is applied within high velocity ductwork, light
gauge galvanised perforated plate shal be utilised and fixed to the
ductwork to retain the material.

It should be noted that acousticaly lined ductwork bends offer more
effective noise attenuation than lined straight sections.
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5.31.4

Acoudic treament to the outside of equpment or dudwork in exposed
locations or plantrooms, shall be dad with gdvanisedor gainless teel
sheet suitably fixed and sealed.

Fire Protection Insulation

Fire protedion insuation to dudwork and equpment shall generdly be
provided as required to maintain the fire rating integrity of enclosures
through which they pass.

Fire protedion insuation shal be adieved by extemal apgicaion of
rigid mineral wool dabs of suitable thicknesses and density to provide
one or two hour non-hydrocarbon fire rating as required by the locd
regulations (Building Regulations in the U.K.).

For hydrocaibon apgicaions, eg. rdineries, fire piotedion insuation
shal be adieved by the extemal appicaion of 75 mm thick rigid
minerd wool dabs having a desity of 110kg/nf. This shall be applied
in two layers, i.e. 50 mm + 25 mm having staggered joints.

The material shall be adequiely secuied by metal spne clip fadeners
and wire medh to prevent the material saggng under its own weight.
The assenbly shall be proteded by stainless sed cdaddng where it is
susceptible to damage, i.e. in plantrooms.

Extemal fire raing daddng shall include a preésonded moisture barrier,
the total arrangement shall be weatherproofed and all joints sealed.
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6. COMMISSIONING AND TESTING

6.1

6.2

6.3

General

Commisgoning and teding shal be caried out to ensue that the
installations ae accefable before hand over to the Client. Suficient
time for these adivities shall be allowed in the construction programme.
All resuts sall be properlly documented, and daed, and included in the
hand over documents.

Works Testing

Works teging of equpment and components sal be caried out at dl
stages of manufadure asrequred by the dient. Fully fabricaed
equpment and components shall be functionally peformance teded
prior to delivery/shipment.

Pre-Commissioning

Mechanicd completion sheds (for example list s& Appendix E) shall
be completed and Sgned. Nomedhanicd equpment item shall be made
live until these forms are completed.

Pre-commissoning diecks &al be caried out on completed
installations to ensure their readness for dart-up pior to full
commissioning.

Pre-commissioning checks will include:-

@) equiprent and plant igalled in accedane with manufactuer's
instructions.

(b) hook-up to utilitis is complete (power, water, instrument air, steam)
including temporary service if required.

© ducting system pressure/leak tested and thoroughly cleaned.
(d) piping systemsflushed through, hydaulically tested, andrefilled including
the addition of the aoect type and quantityfacorrosion inhibitor and

biocides.

(e) domestic water supply systems thoroughly clearsedkterilized in
accordance with recommended practice.

® contol componens completely irstalled and calilbated n accadance with
manufacturers instructions.

(9) instruments loop checks complete.
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(h) all safety devicg interlocks and cut-ouws in position and functioning
correctly.

0] refrigeration systems dehydated, pesare teted and fully cheged,
control circuiting sequence tested offload.

6.4 System Commissioning

Commisgoning HVAC ingtalations and systems dhall be caried out in
acordance with the procedues desgbed in the following CIBSE
Commissioning Codes:-

Code A Air Distribution
B Boiler Plant
C Automatic Control
R Refrigeration
W Water Distribution

Commisgoning shall be performed by spedalist companies who employ
expelienced aad compeent per®onnel and who provide al necessary
commissioning instruments and equipment.

6.5 Site Testing

Teding to evaluae the peformance of commissoned installations shall
preferably be carred out under a¢ud operaing conditions usudly after
the buildings have settled down and are occupied.

This may involve atwo dageteding peiod to caer for summer and
winter seasns, therefore appopriate arangements should be planned
and programmed.

All equpment items and systems sl be tededto prove that operating
capadies ad peformance ae in acordance with spedficaions and
that al control interfaces with other gstems, sut as Fire and Gas,
operate as required. All safety facilities shall be proven.

The gstems peformance <$al be denmonstrated to Catifying
Authorities and the Client as required.
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7. DOCUMENTATION
* 7.1 Design Drawings

Detail desgn drawingsof the HVAC system shall indicate the full scope
of work including construction, installation and dl necessey interfaces
for proper co-ordination with other disciplines.

All drawings $al be poducedto dandard szes ad shal be sutable
for micro filming or electronic storage.

Drawings which are necessgy for Client appova shal be ageed wth
the Contractor.

The following are typical requirements:-

@ General arrangement dwangs sheving HVAC plant and equipment
layouts, co-ordinated with other services within the building.

(b) Routing drawings for ductwork.

© Routing drawings for pipework and drainage.

(d) Routing drawings for HVAC power and control cabling.

(e Routing drawings for instrument air piping.

® Engineering flow diagrams for air and water systems.

(9) Controls schematic diagrams (ladder format) and instrument schedules.
(h) Detailed ductwork drawings.

0] Detailed pipework drawings.

()] Builder's work drawings for services, including equipment foundations.

Gengra arangement drawings ¢al show plant/equpment layouts,
routing and suprting of piping and dudwork, eledricd cabling and
control panels, maintenance acces requrements, utilities connedions,
plant and equipment foundation and fixing details.

Where the ingtallation relates to chemica or refinery buildings or any
works involving potentially hazadous pocesses,Cause ad Effeds
Charts' shall be produced for the operation of the building services.

Material purchasng or fabrication shall not commence before relevant
drawings are approved by the Client.
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7.2 Design Specifications

Detailed spedficaions of al the equpment forming partof the HVAC
system desgn shall be prepaed, essuring that dl desgn requrements
for safe operation of the equipment and whole plant are incorporated.

7.3 Data Sheets

As a supfement to the equpment type speificaions, dda seds shall
be producel by the supgier for ead item of equpment forming partof
the degyn, sdting out the spedic peformance and operating
charaderistics. @nstruction and installation deails shall aso be
supplied.

7.4 Operational Philosophy

An Opeational/Controls Philosophy shal be prepaed to reflect the
basis of the HVAC design which should address the following:-

(@) Description of systems.
(b) Mode of operation of the systems.
(c) Control functions.
(d)  Control set points and limits for:-
0] Room temperadure and humidity control set points and
limits.
(i) Area pressurisation and monitoring.
(e) Gas/smoke detection and control.
) Interface with other systems, e.g. Fire and Gas/ESD.
(9) Panel alarms, indications and repeats.
(h) Process interlocks.
() Start-up, shutdown and change over procedures.

)] Standby arrangements.

(k) Emergency operation.
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7.5

Installation, Operating and Maintenance Manuals

Manuds sl be pepaed, dealy deining procedues for the sde
operdion and maintenance of medanicd heaing, ventilating and air
conditioning systems including refrigeration plant, ancillary equipment,
piping systems and electrical installations.

The manuals shall include the following essential data:-

(@)

(b)

(©)

(d)

(€)

Full desciptions of HVAC gystems and equpment including
scheddes of eqgupment, manufadurers sera/reference
numbers, performance curves, tables and charts.

Ingtallation and operding instructions including dart-up,
operdion and <utdown procedures ®ad loop diecks,
adugments and reguation, faut finding, reanedal measurs and
safety precautions.

Routine maintenance steddes, pocedures ad re®rds pats
lists with reference numbers, spae pats lists, manufadurer's
names, addesses lad telephone numbers, deails of savice
contracts and spares ordering instructions.

Systems 'asbuilt’ general arrangement drawings, flow sheds and
valve charts.

Test sheets giving design and 'As built' values for the system.
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APPENDIX A
DEFINITIONS AND ABBREVIATIONS

Definitions

Standardised definitions may be found in the BP Group RPSEs Introductory volume.

Abbreviations

AFFF Aqueous Film Forming Foam

ASHRAE The American Society of Heding, Rdrigerating and Air Conditioning
Engineers

CIBSE Chartered Institute of Building Services Engineers

CFC Chlorinated Fluorocarbon

ESD Emergency Shut Down

HEPA High Efficiency Particulate Air

HVAC Heating, Ventilating and Air Conditioning

HVCA Heating and Ventilating Contractors Association

ISO International Organisation for Standardisation

LEL Lower Explosive Limit

OEL Occupational Exposure Limit

QA Quality Assurance

RMS Root Mean Square
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APPENDIX B
LIST OF REFERENCED DOCUMENTS

A reference invokes the latest published issue or amendment unless stated otherwise.

Referenced standards may be redaced by equvalent sandards that ae internationally or
otherwise recognised povided that it cen be down to the saisfadion of the purchase's
professional engineer that they meet or exceed the requirements of the referenced standards.

International

ISO 1940-1 Mechanicd Vibration - Bdance Quéity Requrement of Rigid Rotors -
Part 1 Determination of Permissible Residual Unbalance.

British Standards
BS 476 Fire Tests on Building Materials and Structures, Parts 3 to 8.

BS 3928 Method for Sodium Flame Testfor Air Filters ©ther than for ar suppy
to I.C. engines or compressors).

BS 5141 Air Heating and Cooling Coils
Part 1: Method of Testing for Rating of Cooling Coils
Part 2: Method of Testing for Rating of Heating Coils

BS 5720: 1979 Code of Practice for Mechanical Ventilation and Air Conditioning in Buildings.

BS EN 779: 1993 Particulate Air Filters for General Ventilation - Requirements, Testing,.
(EUROVENT 4/5) Marking (amended Nov '94).

BP Documents
BP Group RP 4-4  Buildings.
BP Group RP 4-6 Procedure for the Design of Buildings Subject to Blast Loading

BP Group RP12-2 Eledricd Systems and Instalations - Eledricd Equipment in
Flammable Atmospheres & Combustible Ducts

BP Group RP 24-1 Fire Protection- Onshore
BP Group RP 52-1 Thermal Insulation

BP Group GS 148 Piping Specifications
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BP Standard Drawing
S-1240 Steam Trapping Arrangements (7 sheets)
Other Documents

CIBSE Guide to HVAC Design Commissioning Code.

CIBSE Building Energy Code

CIBSE documents are available from:-
Chartered Irstitute of Building Sevices Enginees, Delta House, 222 Balhan High Road,LONDON SW12
9BS

EUROVENT 2/2  Air Leakage Rate in Sheet Metal Air Distribution Systems
Health and Safety Executive Guidance Note EH40 - Occupational Exposure Limits.

EUROVENT 4/5  Method of Testing Air Filters Used in General Ventilation

EEMUA 130 Design and Installation of On-Line Analyser Systems.
HVCA Spec DW 12 Specification for Sheet Metal Ductwork.
IP Model Code of Safe Practice: Part 1: Electrical (%' edition) 1995

List of Other Documents Applicable to HVAC (not referenced in this RP)

BS EN ISO 7235 Acoustic - Measurement Procedure for Ducted Silencers -
1996 Insertion Loss, Flow Noise and Total Pressure Loss

BS EN ISO 7730 Moderate Thermal Environments - Determination of the PMV and PPD
1995 Indices and Specification of the Conditions for Thermal Comfort

ISO 10816-1:199 (=BS 7854: Part 1: 1996)
Mechanicd Vibration - Evaludion of Madine Vibration by
Measurement on Non-Rotating Parts. General Guidelines.

BS EN ISO 14001 Environmental Management Systems. Specification with Guidance for
1996 Use.

IEC79-0 Electrical Apparatus for Explosive Gas Atmospheres. Part O:
General Requirements.

IEC 79 - 10 Electrical Apparatus for Explosive Gas Atmospheres. Part 10:
Classification of Hazardous Areas
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NFPA (1996) National Fire Prevention Association (USA). Codes of Practice.

BSEN 1057 1996 Copper ad CopperAlloys - Sealess, Rund Copper Tubesfor Water
and Gas in Sanitary and Heating Applications

Institute of Petrolenn Model Code of Safe Practice
Part 15: Area Classification Code for Petroleum Installations (1995)

APIRP500 (1991) Remmmended Pratice for Classfication of Locaions for Eledrical
Installations at Petroleum Facilities.

ASHRAE (1997) Handbooks (F, A & E)

API Publ 4589 Fugitive Hydrocarbon Emissions from Oil and Gas Production
(1993) Operations

NS 5575 (1987)  Ventilation Ducts - Identification Colours.
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APPENDIX C
TYPICAL EQUIPMENT DATA SHEET

As a minimum, Data Sheets should include the following information as appropriate.

Unit Data

Type:

Equipment No:

Function:

Duty: :Flow Rate m’/s
: Heating kw
: Cooling kwW

Heat Transfer Medim : (Type)
: Flow rate  m’/s
: Heating kW
: Cooling kW

Pressure Entering
Pressure Drop

Design Pressure bar

Test Pressar bar

Operating Speed rpm

Electrical Powe kw

Electrical Suppt Volts, Amps, Frequency (Hertz)
Noise Emissia Decibels

Heat Emissia kw

Utilities Requiremerg Water, Compressed Air, Drains
Physical Dimensions

Weight kg

Data eds sould be prepaedfor dl equpment items and for integral components forming
part of the equipment.
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APPENDIX D
DESIGN QUESTIONNAIRE

In addition to addressing the factors referenced in Section 2 'Design
Requirements’, the design contractor shall obtain at the outset of design
for each building or enclosure sufficient information to compete the
following 'Design Questionnaire’'.

1. Internal Environment

Summer - nominal dry bulb temperature  °C

- relative humidity %rh
- acceptable range +or-°C
+or-%rh
Winter - minimum dry bulb temperature °C
- minimum relative humidity %rh

2. External environment

Summe - design dry bulb temperature °C
- design wet bulb temperature °C

Winter - minimum dry bulb temperature °C
3. Background Information

Tick as applicable, provide specific data as appropriate.

CLIMATE LOCATION EXPOSURE CLASSIFICATION
Arctic Country Sheltered Non-Hazardous
Temperature Latitude (City, town) (Safe)
Arid Altitude Exposed Hazardous
Tropical Inland (Open land) Zone 0
Coastal Prevailing Wind: Zone 1
Direction Zone 2
Speed

Building Orientation - Relative to north
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4. Internal Heat Gains - Refer to CIBSE Guide Book A7 for Data.

(@ Occupancy

Tick as applicable, provide specific data as appropriate.

BUILDING USAGE NUMBER OF ACTIVITY/WORK
/AREA PEOPLE
/ROOM
SEDENTARY | LIGHT HEAVY
Continuous
Intermittent
Infrequent
(b) Lighting

Tick, provide specific data as appropriate.

ROOM
IAREA

ILLUMINANCE
LUX

LIGHT FIXTURES

RATED

OUTPUT | INSTALLED

PER UNIT POWER
W W/m?

TYPE

NO OFF

Fluorescent

- Industrial Trough

- Enclosed Surface
Mounted

- Enclosed Recessed

Incandescent Opal

Sphere

High Pressure Mercury

High Pressure Sodium
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(c) Equipment

Tick, provide specific data as appropriate.

RATED
ITEM NO OFF | OUTPUT USE
kw

CONTINUOUS | FREQUENT

INTERMITTENT

Computers

Office Machines
Cooking Appliances
Process Equipment
Motors

Each separate equipment item in each building should be considered
individually; for cooking appliances both sensible and latent heat
emissions must be considered.

5. Fabric Heat Gain and Losses - Refer to CIBSE Guide Book Sections A3 and A9

(@ Glazing

Tick, provide specific data as appropriate.

TYPE SINGLE | DOUBLE | TRIPLE |INTERNAL AREA
BLINDS m?
YES [NO

ORIENTATION
N.S.E.W etc

Ordinary

Plate

Heat absorbing
- bronze

Heat reflecting
- bronze

Heat reflecting
- gold
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Structure

(b)

Tick, provide specific data as appropriate.

WALLS AF22 EA

m

ORIENTATION
N.S.E.W etc

CLASSIFICATION

INSULATED

FINISH

LIGHT-
WEIGHT

HEAVY-
WEIGHT

YES

NO

LIGHT

DARK

Brick -
Single

Brick -
Cavity

Concrete

Concrete
Pre Cast

Steel
Plate

Other

ROOF AFZQEA

TYPE

CLASSIFICATION

INSULATED

FINISH

FLAT | PITCHED

LIGHT
WEIGHT

HEAVY
WEIGHT

YES

NO

LIGHT

DARK

Tiled

Concrete

Concrete
Pre Cast

Steel
Plate

Other

FLOOR

AREA

CLASSIFICATION

PERIMETER INSULATION

CARPETS

LIGHT
WEIGHT

HEAVY
WEIGHT

YES

NO

YES

NO

Ground
intermediate
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6. Building / Facility Utilities Requirements

(@ General

Complete as applicable

SERVICE

AVAILABLE ON SITE

REQUIRED FOR DESIGN

FLOW
RATE

PRESSURE

TEMPERATURE

FLOW
RATE

PRESSURE| TEMPERATURE

Steam

Hot Water

Cold Water

Plant
Air

Instrument
Air

Drains

(b)
(b.1)

Electrical
Power

Supply

(b.2)

kW  Available on Site

Volts

Required for Dagn

Complete as applicable

Amps

Frequency Hz

SERVICE

POWER
kw

VOLTS

AMPS

FREQUENCY
Hz

Fans

Compressors

Cooling Towers

Pumps

Instruments

Panels

Others
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COMPLETION AND TEST SHEETS

E1l. INDEX OF MECHANICAL COMPLETION SHEETS

HVAC

P OO~NOOT,WNEPE

el i e e
OV WNRERO

Dampers

Filter Coalescer - Air Filter
Cooling Coil

Electric - L.T.H.W. Heater Battery
Centrifugal - Mixed Flow Fan
Humidifier

A.H.U.

Constant Volume Terminal Unit
Ductwork

Refrigeration Unit

Split A/C Unit

Pressurisation Unit

Boiler

Cooling Tower

Pumps

Twin Fan Extract Units

E2. INDEX OF TEST SHEETS

20
21
22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38

Instrument - Control Function

Dampers

Filters

Cooling Coils

Heaters

Fans

Humidifiers

A.H.U.

Ductwork Air Leakage

Terminal Unit

Grills/Diffusers

Refrigeration 1 of 2
20f 2

Split A/C Unit

Pressurisation Unit

Boiler

Cooling Tower

Pump

System Balance Sheet

Module Pressurisation

APPENDIX E
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39
40
41
42

Pressurisation normal Operating Conditions
Smoke Test Procedure

Smoke Test of Pressurisation Area/Enclosure
Internal Conditions

Local Performance Check Sheet
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VARIABLE VOLUME MULTIZONE RECIRCULATION WITH TERMINAL REHEAT
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