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                            CHAPTER 10 

            HEATING, VENTILATING, AND AIR‑CONDITIONING 

10.1 GENERAL. 

     The major requirements for the design of space heating systems, central heating and air‑conditioning plants, central water distribution systems, ventilating systems, central air

conditioning systems, and, unitary air‑conditioning systems for permanent construction are discussed in this section.  For specific projects, supplemental guidance may be provided.  These additional requirements will also be incorporated in the design 

effort.  Engineering practices recommended in ASHRAE Handbooks 

shall be followed in regard to special conditions and problems 

not specifically covered herein.  All required documents, including drawings and design analysis, shall be prepared and presented in a professional manner on letter size paper (8 and 1/2-inch by 11 inch).
10.2 APPLICABLE PUBLICATIONS. 

     The current edition of the publications listed below form a part of this Manual.  The list below is not all inclusive and the designer shall add requirements as required for specific facilities. 

Headquarters, U.S. Army Corps of Engineers (HQUSACE) Publication.

Architectural and Design Criteria and Engineering Instructions (AEI)
     Department of Defense Unified Facilities Criteria (UFC): 

UFC 3-400-02


Design: Engineering Weather Data 

UFC 3-450-01


Noise and Vibration Control

UFC 3-310-04


Seismic Design for Buildings
UFC 3-410—3FA


Heating, Ventilating, and Air Conditioning with Change 2 

UFC 3-410-02A
Heating, Ventilating and Air-Conditioning (HVAC) Control Systems, with Change 1

UFC 3-400-01


Energy Conservation, with Change 3


UFC 3-510-01


Design: Medical Military Facilities

The American Society of Mechanical Engineers (ASME) Standards: 

A 13.1
Scheme for the Identification Piping Systems 

B 31.1



Power Piping 

Boiler and Pressure Vessel Codes: 

 
Section I        

Rules for Construction of Power Boilers

Section IV       

Rules for Construction of Heating Boilers 

Section IX


Welding and Brazing Qualifications

Section VIII‑D1   

Rules for Construction of Pressure Vessels

CSD-1



Control and Safety Devices for Automatically Fired Boilers

American Society of Heating, Refrigeration, and 
Air‑Conditioning Engineers (ASHRAE) Inc. Standards:  

ASHRAE Handbooks, Latest Editions

ASHRAE 62.1


Ventilation for Acceptable Indoor Air Quality

ASHRAE 90.1


Energy Standard for Buildings Except Low-Rise Residential Buildings

National Fire Protection Association (NFPA) 

Publications: 

No. 31            

Standards for Installation of Oil Burning Equipment 

No. 54            

National Fuel Gas Code
No. 70



National Electric Code
No 90A



Standards for Installation of Air-Conditioning and Ventilating Systems

No 91



Blower and Exhaust Systems for Air Conveying of Materials.

Sheet Metal and Air-Conditioning Contractors

National Association, Inc (SMACNA):

HVAC Duct Construction Standards - Metal and Flexible.

American Conference of Government Industrial Hygienists:

Industrial Ventilation, A Manual of Recommended Practice.

     10.3 CONCEPT SUBMITTAL REQUIREMENTS. 

     10.3.1 General Considerations. 

a. At the Concept design stage of project development it is recognized that all calculations are tentative for analysis purposes and only indicate approximate capacities of equipment.  Any dimensions and sizes required are order‑of‑magnitude figures, conservatively stated, to assure adequate space for installation and maintenance of equipment and utility elements such as piping, ductwork, etc., in congested areas. 

b. Equipment shown in plans and sections is not shown in great detail but is shown merely as simple geometric forms with approximate correct dimensions. 

c. Piping layouts shown are simple main pipe runs showing general location, routing and, when applicable, approximate order‑of‑magnitude sizes.  Control valves, check valves, etc., are shown only as required to indicate function of the system.  Only routing of main headers feeding batteries of water coils are shown, not individual lines to coils unless required for clarity of the system. 

d. Schematic diagrams are simplified.  System flow diagrams, layouts, and one of each type of take‑off, branch, or feed must be shown but not all individual branches.  Purpose of the schematic is only to show system design intent and the basic principle of system operation. 

e. Drawings and sketches.  Scale of concept drawings will generally be smaller than the working drawings.  Plans and sections need be only large enough to properly show pertinent information.  Sketches, neatly drawn, will be acceptable when sufficient to show pertinent information or convey basic system concepts.  Quantity of concept drawings are to be kept to the minimum number required to convey basic systems information.  Some mechanical information required in the Concept submission may logically be included on other discipline drawings or in sketch form in the design analyses and need not be indicated on formal drawings. 

10.3.2 Concept Design Analysis.  The following specific items shall be included, as applicable. 

     10.3.2.1 Heating, Ventilating and Air-Conditioning (HVAC). 

a. For air-conditioning, give a statement citing applicable specific references (DOD, UFC's Programming Data, etc.) used to the extent air‑conditioning is authorized and to any authority for waiver of these criteria.  State whether for comfort cooling or according to technical requirements or both.  For technical requirements, show the authorized tolerance for temperature and humidity control, the degree of air cleaning or purity required, and any other special considerations involved. 

b. For evaporative cooling, cite applicable references as to the extent authorized and to any authorized waiver of these criteria.  Note if single or two‑stage process. 

c. For cold storage facilities, indicate room holding temperatures, commodities to be held in cold storage and the quantity of commodity to be stored.  (May be indicated on drawings.) 

d. State the indoor and outdoor design temperatures for heating and cooling and proposed "U" factors for walls, ceilings, floors, etc. 

e. Prepare tentative heating and cooling block load calculations for heating and cooling systems. The heating and cooling load analysis shall be prepared using a recognized computer program such as Trane “Trace” or Carrier “HAP”.  If other computer programs are used, provide a narrative on how to interpret the analysis and documentation shall be provided to show compliance with AHSRAE Standard I40.  Hand calculations are also acceptable, provided that it is organized and easily understood.  Provide a summary sheet for each of the analysis.  

f. Prepare tentative ventilation calculations for ventilated areas. (See Appendix X for example calculations) 

g. For air distribution, prepare tentative calculations for each typical zone of control and fan plant. (See Appendix A for additional details) 

h. Prepare overall tentative air balance calculations with a flow diagram showing quantities of air handled and circulated throughout each building as a whole including quantities for outside and exhaust air. 

i. Describe the proposed heating ventilation and air‑conditioning systems and their associated air distribution systems and provide rationale used for selection of the recommended systems. 

j. Describe ventilating systems.  Provide statements whether gravity or mechanical systems are proposed.  If mechanical systems, indicate whether supply or exhaust will be utilized.  State requirements for outside air and the basis for determination of quantity, i.e., number of air changes per hour, of CFM per person, or other (refer to ASHRAE 62.1 and the International Mechanical Code for requirements.) 

k. Describe the control system for each major typical air distribution system.  Control system descriptions may be provided on plans or as part of the narrative. 

10.3.3 Concept Design Drawings.  The following specific items shall be shown on the HVAC Concept design drawings when applicable. 

     10.3.3.1 Tentative schematic flow diagrams along with system descriptions of all systems considered, including air distribution, chilled water distribution and pumping.  The rationale for systems recommended shall be clearly documented. 

a. Tentative control description of operation to clearly indicate general features sufficient to define method of control of each typical major equipment and system.  (May be shown in design analysis.) 

     10.3.3.2 All systems Recommended for Inclusion.  The following applies to all systems recommended for inclusion in a project. 

a. Flow diagrams of all systems proposed.  These diagrams shall be an accurate schematic representation of each system showing proposed equipment, primary control valves, dampers and control loops, as applicable. 

b. Provide single line layouts of heating and air conditioning systems showing equipment and contemplated zoning for each building.  Drawings shall identify rooms and be sufficiently complete to show the location, arrangement, and approximate capacities of all major items of equipment and space allocated for servicing and maintenance.  The following items shall be included as a minimum. 

(1)  Single line layouts of typical HVAC systems with approximate representative duct sizes of main runs and air quantities.  This includes exhaust systems and make‑up air systems. 

(2)  Layout of major mechanical equipment, to determine space requirements and adequacy of mechanical room sizes. 

(3)  Component parts of air handling equipment should be indicated, i.e., fan, coils, filters, etc. 

(4)  Show required maintenance space for all major equipment, preferably with dotted lines and backed up by copies of typical manufacturers' cataloged maintenance space in design analysis.  A minimum 30‑inch clearance around equipment shall be shown to allow "squatting" for the maintenance purposes. 

(5)  Show major piping single line with approximate size. 

(6)  Indicate approximate capacities of all major equipment including horsepower of motors and kilowatt (kw) of major electric heating elements, air flow rate (CMH or CFM) of major air handlers, etc. 

10.4 PRELIMINARY REVIEW SUBMITTAL REQUIREMENTS. 

10.4.1 Preliminary Design Analysis.  The Preliminary design analysis shall include all items in the Concept design analysis and any necessary revisions.  In addition, the following specific items shall be included when applicable. 

a. Detailed calculations for sizing equipment, piping, ductwork, control valves, etc. 

b. Schematics for the control schemes used. 

c. Any other information or computations required to permit verification that the design complies with the design criteria, codes, and standards and is satisfactory for the intended purpose. 

10.4.2 Preliminary Design Drawings.  The following specific items shall be shown when applicable. 

     10.4.2.1 Flow Diagrams of All Systems.  These diagrams shall show all the information given on the Concept drawings but in greater detail.  The diagrams shall include equipment, all ductwork and piping including sizes and flow rates, all dampers, valves, and miscellaneous accessories for the duct and piping systems, and the instrumentation and control devices for the systems. 

     10.4.2.2 Plans showing layout and details of the final version of all HVAC systems.  The location, arrangement, capacity, and space requirements of all equipment shall be indicated.  Selected zones of air distribution shall be sufficiently completed to indicate the solution of the design for the remainder of the system and the precautions taken to coordinate the design with the architectural, structural and electrical phases of construction.  Equipment room layouts shall be sufficiently complete to show piping and duct layouts and access for maintenance.  Since equipment rooms represent the most congested areas for both equipment and piping, the following guidelines should be followed when drawings are being prepared. 

a. Single line ducting layouts are not sufficient to adequately plan major installations and check interferences. 

b. All piping shall be shown by single line layouts and symbols.  However the designer shall assure that the space allotted for installation of the piping, including insulation, valves, fittings and accessories, is adequate. 

c. All ductwork and fittings in equipment rooms, and other congested areas, shall be drawn to scale by double line layouts. 

d. All equipment shall be outlined to scale, and maintenance or removal space shall be indicated by dotted lines. 

e. Removal, replacement, or moving space must be considered for the largest and heaviest equipment when a drawing is made. 

f. In plans, sections, and details, these same rules should apply. 

g. Vertical control for horizontal runs of piping, ductwork, etc. shall be clearly delineated on the drawings. The drawings, by sections, elevations, or notes, shall show vertical control of piping and ductwork.  The design shall ensure sufficient vertical clear height has been provided.  This includes site chilled water piping. 

     10.4.2.3 Equipment Schedules.  The final form of all equipment schedules which will be included in the project shall be shown with Preliminary equipment data filled in.  

     10.4.2.4 Catalog Cuts.  Catalog cuts shall be submitted for all major items of equipment.  Catalog cuts shall be a part of the design analysis. 

10.5 FINAL REVIEW SUBMITTAL REQUIREMENTS. 

10.5.1 Design Analysis.  The design analysis shall include all of the information required in the Preliminary submittal but in its final form, also any additional information required, and the information listed below when applicable. 

a. All textbooks, handbooks, and other references used in the design analysis shall be cited, giving page and/or paragraph numbers from which data are obtained. 

b. Heat transmission calculations shall be shown for all heat transmission coefficients not directly obtained from a standard reference book. 

c. Cooling load and heat gain calculations shall, in general, conform to the procedure given in the latest issue of the ASHRAE Handbooks.  All corrections and assumptions, such as time of day, outdoor daily temperature range, wall color, building orientation, latitude, etc., shall be stated.  Where computerized calculations are submitted, a complete description of the method and formulas used, column headings and data output or results, and index to the computer printout shall be furnished. 

d. The basis for determining the quantity of all ventilation air shall be indicated. 

e. A psychometric chart, including a plot for all processes, shall be included in the analysis. 

f. The determination of air distribution shall be made to include the total air flow in cubic meter per hour (CMH) and the individual room airflow (CMH). 

j. Equipment sizing calculations to support the selection of all equipment shall be shown in the design analysis. 

k. Major items of gas equipment shall be selected from manufacturers' catalogs and the model numbers shall be stated in the analysis.  This information will not appear on the drawings. 

l. Schematic diagrams shall be shown and a control sequence of operation for each typical system shall be described with all control points and settings defined.

m. The method for achieving air balance in systems for supply air, return air, outside air, exhaust air, and relief air shall be described. 

n. The method for maintaining positive pressure relative to outside air to prevent the entrance of windblown dust shall be described. 

o. Explanatory notes shall be included in the design analysis covering all rationale for design which would not be obvious to an engineer reviewing the analysis.  Methods of air‑conditioning and controls for air‑conditioning systems shall generally be confined to those in common use in the industry. The A‑E shall review the prepared plans and specifications and determine that they are in accordance with the Manual and all other criteria and instructions furnished by the CE.  It will be the responsibility of the A‑E to coordinate the HVAC systems with the other trades involved in the building design and to eliminate interference between HVAC equipment and other components of the building. 

p. The design analysis shall show calculations for all items listed under paragraph:  Equipment and Design Data Schedules. (10.7.5) 

10.5.2 Drawings.  Flow diagrams and plans containing all the necessary details to attract accurate and competitive bids and to afford a clear understanding throughout construction shall be included in the drawings.  Plans shall be complete in all respects, showing location of all equipment, ductwork, piping, and accessories.  Sections and details shall be provided as required to clearly show all aspects of the system design. 

The following specific items shall be included when applicable. 

a. Schematic flow or riser diagrams of all systems. Information shall be as required on preliminary submittal, but in greater detail. 

b. Equipment room layouts and appropriate sections and details. 

c. Duct and pipe sizes. 

d. Vertical control for horizontal runs of piping, ductwork, etc. shall be clearly delineated on the drawings.  The drawings, by sections, elevations, or notes, shall show vertical control of piping and ductwork.  The design shall ensure sufficient clear vertical height has been provided. 

e. Registers, diffusers, grilles, dampers, turning vanes, transitions, flexible connections, valves, etc. shall be shown and identified. 

f. Controls schematic diagrams and control sequences of operation for all systems. 

g. Equipment to be furnished and/or installed by others. 

h. Equipment schedules giving capacities, working temperatures and pressures, and other pertinent data necessary to give a clear and concise description of all equipment. 

10.5.3 Catalog Cuts.  Complete catalog cuts and data sheets shall be submitted for all major items of equipment.  Catalog cuts shall be a part of the design analysis. 

10.6 READY TO ADVERTISE (RTA) DESIGN REQUIREMENTS. 

     The comments generated during the Final design review shall be incorporated in the documents before they are submitted as Ready to Advertise. 

10.7 TECHNICAL REQUIREMENTS. 

10.7.1 General Considerations. 

     10.7.1.1 Packaged Equipment.  Standard manufactured packaged type equipment shall be used to the greatest extent possible to simplify specifying, purchasing, installation, spare parts procurement and maintenance of equipment. 

     10.7.1.2 Soil Surveys shall be conducted to determine the electrical resistivity and percolation characteristics of the soil and to acquire ground water information along the alignment of all proposed buried piping systems. 

     10.7.1.3 Seismic Design for the mechanical systems shall conform to the requirements of UFC 3-310-04.  Seismic zone determinations shall be in accordance with the structural design. 

     10.7.1.4 Dust Control.  In addition to providing air filtration, which is described hereinafter, conditioned spaces must be maintained at a positive pressure relative to the outside air in order to prevent windblown sand and dust from entering. 

Backdraft dampers or louvers should be used on all mechanical system openings to the exterior. 

     10.7.1.5 Noise Control.  All noise control design work shall be in accordance with UFC 3-450-01.  The sound levels for various applications for both centrifugal and propeller type fans shall be as set forth in the ASHRAE Handbooks.  Specialized areas such as conference rooms, theaters, etc. shall be evaluated to ensure that proper acoustic treatment has been provided.  An acoustical analysis shall be included in design analysis to support acoustical design requirements. 

     10.7.1.6 Design Temperatures. 

a. Indoor design temperatures shall be in accordance with AEI Design Criteria, and as described hereinafter. 

(1)  Equipment Rooms:  Unoccupied mechanical and electrical equipment rooms shall be provided with mechanical ventilation or relief heating and/or cooling as required to limit the maximum room temperature to 32oC in summer and minimum temperature to 4.5oC in winter.  Unoccupied equipment rooms for critical switchgear or controls may be provided with 100 percent backup air‑conditioning if it is economically justifiable. 

(2)  Stationary Work Stations shall be spot cooled with mechanical refrigeration if the facility is not centrally air conditioned and the space temperature is determined to exceed 32oC. 

(3)  Control rooms shall be air‑conditioned for normal comfort conditions (25.5oC, 50% RH). 

(4)  Kitchens and Laundries:  In geographical areas where mechanical ventilation would result in inside temperatures higher than 35oC., mechanical cooling shall be provided.  Either spot cooling or cooling of the entire area to 32oC shall be used depending on the requirements of the particular facility.  Refer to paragraph:  Spot Cooling. (10.7.2.11) 

(5)  Transformer Rooms:  When transformers are located, as determined by electrical requirements, within an enclosed space, the room shall be air conditioned to limit the maximum room temperature to 32oC.  Return air may not be ducted to the central air conditioning systems. 

b. Weather design conditions shall be in accordance with UFC 3-400-02 or in accordance with data supplied by Afghanistan Engineering District (AED). Outdoor winter design temperatures shall normally be selected based upon the 97 1/2% dry bulb column temperatures.  Summer outside design temperatures shall normally be selected based upon the 2 1/2% dry bulb and the 5% wet bulb column temperatures. Critical systems shall be selected based upon the 1% column temperatures, as defined in AEI Design Criteria.

     10.7.1.7 Smoke Detection.  Smoke detection and emergency automatic controls shall be in accordance with NFPA 90A and NFPA 72. 

10.7.1.8 Fire an Smoke Dampers.  Dampers shall be provided for protection of openings in walls, partitions or floors in accordance with NFPA 90A. 

     10.7.1.9 Sand Screening:  Where windblown sand is a problem, screening around exterior mounted equipment shall be provided as follows: 

a. "Screen" must be louvered, semi‑open block (decorative), or of a design to allow air circulation to the equipment. 

b. Where solid walls are required, a minimum distance of 3 meters shall be maintained between wall and condenser coil intakes. 

c. Movable access shall be provided in "screen" for condenser coil/radiator removal and other maintenance functions hindered by "screen". 

     10.7.1.10 System Segregation.  Piping systems shall contain sufficient isolation valves to allow segregation of the system for maintenance, draining, and/or testing.  Piping systems, that may be extended by another project at some future date, shall be terminated with blind‑flanged valved connections. 

     10.7.2 Ventilation. 

     10.7.2.1 Hazardous Areas.  The exhaust system discharge point shall be such that the vapors cannot enter other areas through open windows or the fresh air system.  The capacity of the exhaust system shall be sufficient to prevent flammable or toxic vapors from escaping into areas surrounding the hazardous areas.  Direct recirculation shall not be permitted.  Mechanical ventilation and exhaust systems for flammable and toxic gases shall follow the codes of practice of the National Fire 

Protection Association, UFC 3-410-04N, Industrial Ventilation 

Standards and the ASHRAE Handbooks. 

     10.7.2.2 Special Process Spaces.  Special process areas require a greater degree of ventilation to remove dust, fumes, gases, or vapors harmful to personnel.  Therefore, special consideration shall be given to these areas, and the ventilation system shall be designed, installed, and protected in accordance with ASHRAE Handbooks and "Industrial Ventilation Manual". 

     10.7.2.3 Special Buildings.  Ventilation requirements for special buildings will be evaluated, and recommendations and calculations will be submitted for approval to the CE prior to commencement of design. 

     10.7.2.4 Air Distribution System.  Air distribution systems for ventilation systems shall be as described in paragraph:  Air Conditioning. 

     10.7.2.5 Kitchen Exhaust Hoods, Filters, and Accessories. 

The hoods shall be of an approved design for a particular application.  They shall be a minimum of approximately 610 mm high in order to provide a reservoir to confine sudden puffs of smoke, fumes, or steam until they can be evacuated by the system. The hood shall extend beyond the equipment surface by 150 mm for every 610 mm of height above the equipment.  The minimum overhang for the hoods shall be approximately 305 mm.  The transformation from hood face to duct shall be gradual to avoid turbulence and inefficiency of air flow.  The hood shall be dimensioned to facilitate the use of standard size filters and to be readily accessible for cleaning. 

a. Whenever outside air is required as make‑up for the exhaust air quantity in the kitchen, the exhaust hood shall be of the air curtain type in which the hood supply air is fed to the work area by means of slots in the hood perimeter.  If possible a packaged unit consisting of a hood, supply air fan with filters, and exhaust fan shall be used for this application. Supply air quantity shall be approximately 80 percent of the exhaust air quantity. 

b. Make‑up air filtration.  For make‑up air filtration requirements see paragraph:  Air Filtration. 

     10.7.2.6 Fans.  The fan bearings, belt, and pulleys shall be fully protected from the fumes.  Fan wheel and shaft shall be constructed of non-sparking material where required.  Laboratory exhaust fans shall be coated with an appropriate material to protect them from corrosive fumes, etc…  Because of the tendency of the filters to clog, the fan shall be capable of operating efficiently at static pressure in excess of those calculated. 

Non‑overloading fans are preferred so that they may be operated effectively when filters are removed or contaminated.  Discharges of grease hood ventilation systems shall be vertical. 

     10.7.2.8 Battery Rooms and UPS Rooms.  Each room where hydrogen is generated shall be exhaust ventilated to the exterior of the building in accordance with NFPA‑70.  Each room shall be air conditioned to not less than 26.5oC. 

     10.7.2.9 Fuel Burning Appliance Combustion and Ventilation Air shall be in accordance with the recommendations of NFPA 54 for Gas, NFPA 31 for Oil, the International Fuel Gas Code and the International Mechanical Code. 

     10.7.2.10 Spot Cooling.  When spot cooling systems are employed, they shall be of the mechanical refrigeration type designed in accordance with the latest ASHRAE Handbooks. 

Evaporative cooling may be used where practical and shall be approved by Afghanistan Engineering District (AED).  Terminals shall be swivel type with adjustable air discharge patterns. 

     10.7.3 Air Conditioning. 

     10.7.3.1 Equipment. 

a. Air handling units (AHU's). 

(1)  Modular packaged units shall be used rather than "built‑up" systems to the greatest extent possible.  Compartmentalization of the air handling equipment shall be considered in order to limit the amount of space affected by failure of a unit.  Stacking of fan rooms shall be utilized when possible in multistory buildings. 

(2)  Cooling coils.  The recommended cooling coil face velocity is 152 meters per minute (mpm).  Maximum allowable face velocity is 183 mpm.  In general, wide fin spacing shall be used when possible, even if coil depth needs to be increased to maintain the required capacity.  The maximum fin spacing shall be 8 fins per 25 mm.  Cooling coils, greater than 5 ton refrigeration capacity, shall have copper tubes and copper fins for facilities located within 32 kilometers (km) of the Sea coast.  For air‑conditioners (single packaged units, split systems, etc.) the total capacity must be de-rated such that the minimum sensible coil capacity of the equipment will meet the sensible load requirements. 

(3)  Electric heating coils.  In single zone or zoned reheat installations, the heating in ducts and AHU's shall be electric.  When multi-zone installations are required, electric hot deck coils are not recommended because the varying air flows across the different parts of the coil will cause thermal overload trip-out.  In these instances, consideration shall be given to using additional single zone or zoned reheat units rather than a lesser number of multi-zone units.  Where it is possible to use a manufacturer's standard electric heating coil modules in modular AHU's, their standard product shall be used.  Where the heating requirement is too small for the electric coil to be installed in the AHU, it shall be installed in the ductwork.  The following requirements shall be met for electric coils. 

A.  The heater shall be completely prepackaged, including all conductors, safety controls, etc.   

B.  The only external controls required shall be the temperature sensor and controller (step switch or current valve). 

C.  Heating elements shall be finned tubular (enclosed element) type, for facilities within 32 km of the sea coast. 

D.  Generally, heaters shall be sized to fit the duct exactly.  Where it is necessary to have duct transitions, they shall be in accordance with the requirements of SMACNA. 

d.  Pumps for condenser water shall, in general, be end suction type for capacities up to 284 lpm and of the split case type for capacities over 284 lpm.  Vertical turbine type pumps may be used for condenser water.  Pumps such as vertical in‑line pumps shall be allowed where their use will significantly simplify pump room piping.  Primary pumping shall be accomplished by using several constant speed pumps in parallel.  Variable speed pumps shall not be used. Motors shall be of sufficient size without operating in the service factor for the duty to be performed and will not exceed their full rated load when the driven equipment is operating at specified capacity under the most severe conditions likely to be encountered.  See paragraph:  ELECTRIC MOTORS. 

     10.7.3.2 Piping, Valves and Fittings. 

Refrigerant piping shall be designed in accordance with the ASHRAE Handbooks.  Where an optional refrigeration piping system is allowed, design of piping for all options shall be provided.  Hot gas discharge and suction lines shall be designed to ensure oil return.  Oil separators shall be provided as required.  Hot gas by‑pass connections may be permitted to allow unit operation below minimum capacity control step. 

     10.7.3.3 Air Distribution System.  

a. Ductwork. 

(1)  Low velocity ductwork shall be designed, to the greatest extent practicable, to be self‑balancing, i.e., pressure drop from the main supply to each outlet should be as nearly equal as possible.  Unless otherwise indicated, glass fiber duct material may be used when it is adequately protected from physical damage and may also be used for noise attenuatation.  All branch ducts in low velocity ductwork shall have an adjustable volume control device in combination with an extractor at the take‑off connection. 

(2)  Special process exhaust ducts shall be designed in accordance with the "Industrial Ventilation Manual" and ASHRAE Handbooks. 

(3)  Pressure Classification:  The A/E shall note pressure classification of all ductwork on contract drawings in accordance with SMACNA, except for small duct systems. 

b. Air terminals and accessories. 

(1)  Diffusers shall be selected and spaced such that the air motion shall not exceed more than 25.2 mpm at the occupied level and area covered by the diffuser.  In general, supply outlets shall be selected with throw equal to three‑fourths of the total distance required at a terminal velocity of 30.5 mpm.
(2)  Exhaust or return air outlets shall be provided to permit the free flow of air from the conditioned area.  Power exhaust or return air fans shall be used whenever necessitated by system design.  The exhaust shall be drawn from hot or contaminated locations (kitchens, battery storage areas, toilets, etc.) whenever feasible.  If the quality and temperature are acceptable, ventilated air may be used for condensers or engine radiator cooling. 

(3)  Supply and exhaust air quantities shall be balanced to maintain a slight positive pressure in the building. Wherever convenient, corridors and stairwells shall be pressurized in order to minimize the entry of smoke due to fire. 

(4)  Volume control dampers (where the size and shape of the duct permits) shall be of the multi-louver opposed blade type and shall be the standard product of a recognized air distribution equipment manufacturer. 

(5)  Sound attenuators and/or acoustical duct lining shall be provided as required to maintain room noise criteria (NC) as recommended in the ASHRAE Handbooks. 

(6)  Turning vanes shall be double blade and the standard product of a recognized air distribution equipment manufacturer. 

(7)  Control dampers shall not be sized according to the duct size.  They shall be sized to provide the pressure drop which will result in the most linear performance curve. Damper sizing, including a copy of the manufacturer's sizing tables, shall be included in the design analysis.    

     10.7.3.4 Air Filtration. 

a. Design Considerations. 

(1)  Degree of collection required.  Clean country air contains less than 2.0 x 10-7 kg of largely harmless organic dust per cubic meter of air.  Such air requires no filtration system beyond an insect screen.  The permissible concentration of dust in the discharge air of the HVAC supply air should not exceed 0.187 x 10-7 pcf, 0.3 mg/m3.   The outside air quality and intake location determines the type of air filtration system required. 

(2)  Outside air intakes should be located as high as practical (preferably over 8 meters) but within reasonable architectural constraints.  Where outside air intakes must be located below 4.5 meters, a consideration will be given to providing inertial separators as a first stage filter.  In special use building areas or facilities, activated carbon filters or other types of special filters shall be employed for removal of odor, tobacco smoke, and bacteria during the 100% recirculation operation of the HVAC system. 

(3)  Economizer cycles are not recommended for use in the Middle East because of high air filter maintenance requirements and limited benefits of reducing refrigeration equipment operation.  Use of economizer cycles may be granted by AED if feasible and requested by the A/E. 

b. Filtration Equipment:  Air intake systems shall be designed with air filtration equipment as follows unless specific design conditions warrant that a waiver be requested of AED.  If such a waiver cannot be obtained from AED, air filtration systems for all projects shall consist of three stages as described below. 

(1)  First Stage Filtration:  At locations where sandstorm and dust storm frequency is low and there is no need for an efficient pre-cleaner, weather louvers without inertial separators will be used for outside air intakes and shall serve as a first stage of filtration.  Where sandstorm and dust storm frequency is high, weather louvers with inertial separators are required as the first stage filter for outside air.  Therefore, weather louvers and inertial separators are required in areas of high sandstorm and dust-storm frequency and are also required for all locations if the outside air intakes are at elevations below 4.5 meters.  The requirement of inertial separators may be waived in cases where the outside air requirements are extremely small and inertial separators are not available. 

(2)  Second Stage Filtration:  Medium efficiency type filters shall be the second stage of filtration for HVAC systems.  Disposable media roll or traveling screen wetted filters are the recommended method of cleaning outside air for the second stage of filtration. 

(3)  Third Stage Filtration:  High efficiency filters (80 ‑ 85% dust spot efficiency with atmospheric dust in accordance with ASHRAE Standard 52) shall serve as the third stage of filtration in HVAC systems.  The third stage of filtration is typically located within the HVAC distribution system so as to filter both the re-circulating and outside air quantities.  For high efficiency, third stage air filters, an agglomerator‑roll filter, a throwaway cartridge, or a deep cell type filter should be utilized. 

(4)  Where inertial separators are used in the design, two basic filter layouts shall be used depending upon the quantity of outside air required. 

A. Building or system outside air quantities less than 4250 CMH.  The pre-cleaner(s) shall be located in the outside air duct; medium and high efficiency final filters shall be located in the air handling unit.  The pre-cleaner(s) will handle only outside air and the second and third stages will handle the total air flow.  Since pre-cleaners usually have pressure drops of 13 mm or greater and normal mixed air plenums usually have only about one tenth of 25 mm of suction, great care must be taken to assure that the required amount of fresh air will actually be drawn through the pre-cleaner. 

B.  Building or system outside air quantities greater than 4250 CMH.  The pre-cleaner(s) and the medium efficiency filter shall be in a separate makeup air handling unit which handles outside air only.  Pre-filtered outside air is then ducted to air handling unit(s) requiring outside air.  The high efficiency final filter shall be in the main air handling unit handling the total air flow.  Medium efficiency filters are not required upstream of the third stage filters in the air handling unit in this case. 

c. Panel filters for HVAC systems shall be of the throw‑away or disposable type.  Panel filters may be used as second stage filters. 

                 INTERNATIONAL STANDARD FOR DRINKING WATER            

                           

(l)                           Constituent                         International Standard Limit 

Calcium (Ca+)                       75‑200             mg/1 

Magnesium (Mg++)                    30‑150(2)            mg/1 

Sodium (Na+) & Potassium              ‑‑                ‑‑ 

 (K+) (expressed as Na+)

Biacarbonate (HCO3)                   ‑‑                ‑‑

Arsenic (As)                        0.05               mg/1

Carbonate (CO3=)                      ‑‑                ‑‑

Cadmium (Cd)                        0.01               mg/1 

Hydroxide (OH-)                       ‑‑                ‑‑

Cyanide (CN)                        0.05               mg/1

Sulfate (SO4=)                      200‑400             mg/1 

Lead (Pb)                           0.1                mg/1

Chlorides (C1)                      200‑600            mg/1 

Mercury (Mg)                        0.001              mg/1 

Nitrate (NO3-)                        ‑‑                ‑‑

Selenium (Se)                       0.01               mg/1

Iron (Fe) total                     0.1‑1.0            mg/1

Manganese (Mn++)                    0.05‑0.50           mg/1

Anionic Detergents                  0.2‑1.0            mg/1

Silica (SiO2)                         ‑‑                ‑‑

Mineral Oil                         0.01‑0.30          mg/1 

Fluoride (F)                        0.6‑0.8(3)          mg/1

       INTERNATIONAL STANDARD FOR DRINKING WATER  (Cont'd)       

                                    (l) 

Constituent                         International Standard Limit 

Phenolic Compounds                  0.001‑0.002        mg/1 

Total Dissolved Solids              500‑1500(4)         mg/1 

Copper (Cu)                         0.05‑1.5           mg/1 

Total Hardness                      100‑500(3)(5)      as CaCO3 

Zinc (Zn)                           5‑15               mg/1 

Hydrogen Sulfide (H2S)                ‑‑                ‑‑ 

Carbon Dioxide (CO2)                  ‑‑                ‑‑ 

Dissolved Oxygen                      ‑‑                ‑‑ 

pH                                  7.0‑8.5(3)           ‑‑ 

Turbidity                           5.0‑25.0           JTU 

Color                               Clear, (6)          ‑‑ 

NOTES: 

(1)  Lower figure is desirable maximum, higher figure is maximum permissible. 

(2)  If there are at least 250 mg/l of sulfates, the maximum 

limit of magnesium is 30 mg/l, otherwise the limit is 125 mg/l. 

(3)  Lower figure is recommended minimum, higher is recommended 

maximum. 

(4)  Calculated by summation of ions plus uncharged substances. 

(5)  Calculated from Ca++ and Mg++ concentrations. 

(6)  After 8 to 10 hours water exhibits yellowish color due to 

iron oxidation. 

(7)  All values are as ion unless otherwise noted. 

10.7.3.6 Control Systems. 

a. HVAC controls based on standard control strategies and standard system control panels using direct digital controllers shall be provided for all army projects.  UFC 3-410-02A providing criteria and guidance for HVAC direct digital control systems is available from AED. 

b. A complete sequence of operation shall be included on the drawings along with a schematic control diagram for each typical system.  The sequence of operation and schematic control diagrams shall specifically cover the following items and others as the project requires. 

(1)  Refrigeration compressor control. 

(2)  Refrigeration system protective devices. 

(3)  DX system controls. 

(4)  Water coil or evaporator coil control; temperature and/or humidity as required. 

(5)  Air‑cooled condenser control. 

(6)  Air handling unit control with protective devices. 

(7)  Individual unit control. 

(8)  Motor interlocks for each system component along with starting and stopping instructions. 

(9)  All thermostat and protective device control settings. 

     10.7.3.7 Electric Motors.  All motors exposed to 40.5oC temperature or greater shall be of the totally enclosed fan cooled (TEFC) type continuous duty classifications based upon 50oC ambient temperature of reference.  

10.7.5 Equipment and Design Data Schedules.  The following equipment and general design parameters and information shall be provided on the mechanical equipment schedule drawings.  Each schedule shall neatly provide sufficient space to include all applicable information required.  The applicable mechanical equipment schedules shall be submitted, as hereinbefore described, on the preliminary and final submittal drawings. 

                 AIR‑CONDITIONING DESIGN SCHEDULE 

Outside Design Conditions (Summer): 

    oC d.b. and     oC w.b. 

Outside Design Conditions (Winter):      oC d.b. 

Inside Design Conditions (Summer):       oC d.b. and      %r.h. 

Inside Design Conditions (Winter):       oC d.b. and      %r.h. 

Abbreviations:  

d.b.         dry bulb 

w.b.         wet bulb 

kw           Kilowatt

oC           Degrees Centigrade 

cm           Centimeters 

cmh          Cubic meters per hour 

cfm          Cubic feet per minute    

m            meters 

w.g.         water gauge 

mpm          meters per minute 

gpm          gallons per minute 

lpm          liters per minute 

r.h.         relative humidity
                    AIR HANDLING UNIT SCHEDULE 
Equipment No:  

Location: 

        Building.           
        Room.               
Unit Type:  (Single Zone, Multi‑Zone, Dual Duct, Draw Through,  

Blow Through, etc.) 

Fan Data: 

          Air Volume ‑ Outside cmh. 

          Air Volume ‑ Total cmh. 

          Static Pressure ‑ External cm W.G. 

          Static Pressure ‑ Total, approximate cm W.G.

          Fan Outlet Velocity, mpm (maximum) 

          Fan Speed, rpm 

          Fan Brake Horsepower; Bhp‑approximate 

          Fan Motor Data; Horsepower, rpm maximum, volts, phase, 
     hertz 

# Cooling Coil Data: 

# Heating Coil Data: 

# Filter Data: 

# Vibration Isolation:  

     Deflection; minimum, centimeters 

     Type of Base; (spring, etc.) 

  Remarks: 

#    (examples of data required are shown hereinafter) 

                      COOLING COIL SCHEDULE 

# Cooling Coil (direct expansion): 

     Air Quantity, cmh. 

     Face Velocity (max.), mpm.  

     Capacity ‑ Sensible, kw. 

              ‑ Total, kw. 

     Air Temperatures: 

            Entering:  Dry bulb oC. 

                       wet bulb oC. 

       
  Leaving:   dry bulb oC.

                       wet bulb oC. 

     Evaporating Temperature design oC. 

     Air Pressure Drop, cm W.G. 

# (this information may be combined within AHU schedule when 

drawing space permits). 

                      HEATING COIL SCHEDULE 

#  Heating Coil (Electric):  

     Air Quality, cmh. 

     Capacity;  kw.

     Air Temperatures, 

          Entering:  oC. 

          Leaving:   oC. 

     Number of Stages, 

     Capacity Per Stage, kw 

     Electrical Characteristics; volts, phase, hertz 

     Air Pressure Drop 

#  (this information may be combined within AHU schedule when 

drawing space permits). 

                   INERTIAL SEPARATOR SCHEDULE  

Unit Reference No.: 

System:  (identify HVAC System unit is associated) 

Number of Units: 

Air Volume: 

Total, cmh (Into inertial separator. Equals primary + 10% + secondary air) 

Primary Air Flow, cmh (Supply air to system, leaving separator). 

     Secondary Air Flow, cmh (10% + of Total Air) 

Air Pressure Drop:  cm W.G. 

Remarks: Include air pressure drops thru separator for both 

         primary air flow and secondary air flow. 

                           FAN SCHEDULE  

Equipment No.: 

Location: 

Building             
      
Room                 
Unit Type:  (centrifugal, propeller, axial, etc.) 

Fan Data:  

     
Air Volume ‑ cmh.  

     
Static Pressure ‑ total, cm W.G. 

     
Outlet Velocity (max.) ‑ mpm.  

     
Fan Speed, rpm 

     
Fan Brake Horsepower, Bhp, approximate 

Fan Wheel; diameter, cm type (BI, AF, FC, 

Radial, etc) 

     
Fan Motor Data; horsepower, rpm max., volts, phase, 


hertz. 

Vibration Isolation:  

     Deflection, minimum:  cm.

     Type of Base:  (spring, neoprene, etc).

A Hood Value of        cm W.G. is included as part of fan 

static pressure. 

REMARKS: 

                 
    EXHAUST HOOD SCHEDULE 

                      (Kitchen, Fume, Machine, etc) 

     Unit Reference No: 

     Location: 

          Building          
          Room:             
          Fan:              
     Filters:  See info ‑ "Filter Schedule" and include (as 

applicable) 

     Air Volume:  cmh 

     Hood Static Pressure Loss:  cm W.G.  

          (a)  Exhaust Side 

          (b)  Supply Side 

                  ACOUSTICAL SOUND TRAP SCHEDULE 

Equipment No. 1 

Location: 

     Building. 

     Room. 

System:  (identify HVAC system unit is associated). 

Air Flow:  cmh. 

Size:  approximate; length, width, height, cm. 

Air Pressure Minimum Dynamic Insertion Loss Ratings Self‑Noise 

Power Levels Drop:  cm W.G. max. 

Remarks: 

                         FILTER SCHEDULE 

Unit Reference No.: 

System:  (identify HVAC System unit is associated). 

Filter Type:  (throw‑away, oil bath, high efficiency, etc). 

Air Volume:  cmh. 

Filter Face Velocity (maximum), mpm. 

Air Pressure Drop (maximum initial):  cm W.G. 

Remarks: (this information may be combined with AHU schedule when drawing space permits). 

                          *  *  *  *  * 
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