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to be totally or partially cooled by natural ventilation. It describes

several natural criteria; design criteria for natural ventilation and for
zoned or seasonal occupant and maintenance manuals, and guidelines for wind
tunnel testing. Appendices include forms and overlays for the designer’s use
and describe the fundamental principles of comfort related to airflow, a
methodology for climate analysis, prediction, and evaluation.
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FOREWORD

This handbook has been developed from an evaluation of facilities in the
shore establishment, from surveys of the availability of new materials and

construction mnrhndq and from selection of the best desion practices of the

LIS LA R LAl AT LS 4Aili STaTOULVaAVG “iiT UCTS VTSigit pPialLbiltos Vi Luc

Naval Facilities Englneering Command (NAVFACENGCOM), other Government
agencies, and the private sector. This handbook was prepared using, to the
maximum extent feasible, national professional society, association, and
institute standards. Deviations from these criteria in the planning,
engineering, design, and construction of Naval shore facilities cannot be made

mmed e mem i aa e o £ ATAYTITNA ATAT/AVAALE YT Y & o = IO FaV AN

WLLHUUL PL.LUL dppI_OVEL O NAVIAULLNGULUN Ny (Lode v4).

Design cannot remain static any more than can the functions it serves or the
technologies it uses. Accordingly, recommendations for improvement are
encouraged and should be furnished to Commander, Pacific Division, Naval
Facilities Engineering Command, Code 406, Pearl Harbor, Hawaii 96860-7300,

telephone (808) 471-8467.

THIS HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF FACILITIES

ENGINEERING STUDIES AND DESIGN (FINAL PLANS, SPECIFICATIONS, AND COST
ESTIMATES). DO NOT REFERENCE IT IN MILITARY OR FEDERAL SPECIFICATIONS OR
OTHER PROCUREMENT DOCUMENTS.
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Section 1: INTRODUCTION

1.1 ope. This handbook provides guidance and criteria for the design

be totally or parclally cooled by natural ventilation and
- - . 1 LuN

n

e A i 4
condltions under which thev should be considered. Comfo
manual design method for determining and implementing approprlate cooling
strategy(s) and are described. Building design features and practices are
presented for the designer’s use. Special considerations related to the
integration of mechanical systems and other design issues that will influence
nd safety are noted. Recommendations for the development of occupant
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Appendix A includes fundamental principles related to people and
comfort, climate, and information on predicting airflow. Appendix B contains
a method of climate analysis, weather data sources, methods for analyzing the
weather information and extrapolating it from weather station data to specific

0]
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tes. Appendix C gives information on window and fan sizing, stack effect
and wind tunnel testing, field and computer modeiing. Appendix D is a worked
example of the climate analysis and window sizing procedure. A selective
bibliography and glossary are also included.
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1.2 Purnose. When natgral ventilation can supplant some or all of a
building’s mechanical cooling requirements, two types of cost savings may
result:

a) The energy costs of operating the air conditioning system.

b) The first cost of unnecessary mechanical equipment. As a
result, the Navy ig requiring that the potential for natural ventilation be
examined in the design of all applicable projects in tradewind and tropical
regions.

1.3 Objective. This handbook provides state-of-the-art information on
natural ventilation, and a manual procedure for the design of ventilated
buildings. 1Its use will facilitate the design of buildings that save energy
by substituting natural ventilation for mechanmical coocling. Although "natural
ventilation" strictly refers to ventilation induced by external wind or
interior thermal buoyancy, the meaning usually includes ventilation from
low-powered equipment such as whole-house fans and ceiling fans.

1.3.1 Naturally Ventilated Buildings and Climate. The external climate
(temperature radiation, humidity, and wind) determines the heating and
cooiing requirements of the building. Since the building envelope acts as a
mediator between the external and internal environment, its design and
compogition affect the interior conditions of the building; its energy
consumption and life-cycle cost. The design of naturally ventilated buildings

attempts to adjust to the regional and site-specific sun and wind patterns on
a daily and annual basis to maximize occupant comfort at minimum energy cost.

1.3.2 Consideration of Natural Ventiiation in the Design Process.

N i Lo 2V 3 2 L . a3 _ LTV m mem bmce c2nT11 cmntbciral srantIilatdAn
becduse obuliidling lle nds d SLIOINE 1IlL1luelCe VUll 1IVUw well ldLUlal velitiiauivil
will function, it is important that such ventilation be a primary design
paramgter from the ve 394 beginninu of the des ign process. The siting of the

achieved, how much insulation is required, etc. Ventilatlon should also be
considered throughout the design of the building. This handbook provides
guidelines and suggested practices at both of these scales.

1 comfort will be ach
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thermal mass, nocturnal ventilation, or mechanical air condltlonlng) is
determined from the climate data for the site and an evaluation of what
strategies work in different climates. Methods are given for determining and
achieving the interior ventilation rates required for comfort. When wind or

buoyancy-driven ventilation alone cannot provide adequate interior wind speed
for comfort, mechanical fan backup systems shall be used.

v

Because naturally ventilated buildings respond to the site
conditions and microclimate, there is no one set of specific criteria
applicable to every naturally ventilated building. However, general building
design criteria are included whenever possible. A description of the "optimal
configuration" for achieving continuous natural ventilation is presented in
para. 3.1.4, - -
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1.5 Responsibilities of Planners and Designers. The choice of general
site, building program, and cooling strategy is performed by the planner. The

designer is responsible for the specific site planning within the given
general site and for the design of the buiiding and the site.

This handbook is intended for use both by planners (for assessing
the potential for ventilative cooling in a particular climate) and by
designers (for establishing the design features of the particular site and
building).

To take maximum advantage of the opportunities for natural
ventilation of buildings, and thus energy savings, planners and designers
shall

a) Be sensitive, at all levels of design, to the opportunities for
natural ventilation.

b) Be flexible in their approach to site planning and design.

erform analysis early in planning, site, and design studies.
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differences and unique constraints of each site.
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Section 2: COOLING BY NATURAL VENTILATION

2.1 The Causes of Natural Ventilation. Natural ventilation in
buildings is produced by pressure differences between the inside and the
outside of the building. The magnitude of the pressure difference and the
resistance to flow across the openings in the envelope will determine the rate

of airflow through the openings. The two main forces producing pressure
differences are the wind force and the thermal force or stack effect.

ot Cu

- 2 amm
S 1iC€C
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o ull ]

s will ave little or no
buildings or 1n medium to high wind conditions the stack effect may be

considered negligible in comparison to wind pressure forces. The stack effect
rarely creates enough air movement to cool the occupants directly, but it can

provide enough ventilation for fresh air and health requirements. 1In

high-rise buildings, the stack effect may cause strong air movement through
Al micemnbmnen bl a Lk e A 4 o 2o A a T._.o a1 2. __ 192 __=» _1 £ e PEURREE T
€ilevaliol Sndaiils arnd sStailr towers, oud ne 1 QlVl(luaL LLOOILS re usu a.L y
separated from other floors s¢ that the stack effect within the flcors will be
small. This handbook emphasizes the use of wind-induced ventilation.
2.2 The Cooling Process. Although there are many strategies for
naturally cooling a building, the primary ones are:

a) Convective Cooling--cooling of the occupants and/or of the

structural mass by air movemeﬁt,

b) Radiant Cooling--heat in the building'’s
by long wave radiation to the night sky,

c) Evaporative Cooling--water is evaporated to cocl the interior
air or building structure, and

AN Daoawesl. Ao 12 =~ 2 __ .2 __ L. _ . _2_1 ___ 31 1L _ _. 2 _
uy Lartil VUULLIE--S01lL 1S useua as a luedu 1IIK U neac 1
transferred by direct contact with the soil or through air or water pipes

Natural ventilation, a form of convective cooling, has the
potential to cool the human body directly through convection and evaporation,
or indirectly by cooling the structure of the building surrounding the
occupants. The choice of cooling strategy is dependent on the climatic
factors, the type of building, and the indoor climate desired.

2.2.1 Bodily Cooling. Bodily cooling is effective during overheated
periods when the temperature and humidity of the air are above the still air

11
comfort range (refer to para. 2.3 for the definition of the comfort zone).
Bodily cooling is especially useful in hot-humid climates where high humidity-
suppresses the range of daily temperature fluctuation making structural
cooling difficult to achieve.

1 . . . 3 - . s m we . . RIS ] .

Wnen bodily cooling is desired, buildings should allow maximum
airflow across the occupied area and provide protection from the sun and rain.
Il.ichtweioht etructurac whier roennnd anicllyvy +a lTawer niocht tamnaratiirea axa
Lightweight structuree which respond quickly tc lower night temperatures are
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1. Main habitable rooms facing north - south

2. VWdespadngbdmouumummptbensxogoodurnxwtmum

3. Namow depih of dweliing to aliow good air movement in all rooms

4, mmwghmmmmmmwﬁmﬁommm
nmam:guuﬁmnin!m@ﬂow«aﬂﬂm

§. Trees 10 provide shade in the east and west walls without blocking air movement

Figure 2
Typical Layout for Body Cooling in a Warm-Humid Climate

desirable. 1In the extreme case, the best "structure" consists of only an
insulated roof-canopy to provide shade and protection from the rain and while
allowing maximum ventilation. In practice, careful siting and orientation,

narrow elevated buildings, open plans, and use of exterior wingwalls,
overhanging eaves, verandas, and large windows are prevalent elements of
naturally ventilated buildings in warm-humid climates (See Figure 2).

2.2.2 Structural Cooling. Structural cooling, in which the building mass
smooths out the daily temperature variation, is effective in climates with
large daily temperature variations (i.e., hot-arid climates). Du

the building interior is unventilated and the high thermal capacity
building structure serves as a heat sink for the interior gains. At night,
the mass is cooled by long wave radiation to the sky. Cooling may be enhanced
by "flushing" the buildlng with cool night air removing the stored structural
heat and prechilling the mass for the next day. Night air must be cool enough
to receive the stored heat (i.e., the nighttime outdoor air temperatures must
be lower than indoor air temperatures, and dip into or below the comfort
zone) .

o

ring the day,
ity of the

the

Traditional architecture has achieved structural cooling through
natural ventilation by means of small closable windows and various forms of
wind scoops or wind towers. Ventilation is often enhanced by using pools of
water or evaporative screens to cool the incoming air (see Figure 3).
Nocturnal ventilation can lower daytime indoor temperatures below that of

ial to
15 percent of the outdoor temperature range. Therefore if the outdoor

temperature range is 59°F (15°C), an additional 8 to 9°F (2 to 3°C) indoor
daytime temperature reduction can be expected in the nocturnally ventilated,
thermally massive building as compared to a similar but unventilated bullding

- -

()



Downloaded from http://www.everyspec.com

MIL-HDBK-1011/2

1. Compact planning with minimal external surface area

2. Windows of habitable rooms orientated to the north and south

3. Most windows facing onto patios, rather than the exterior of the group
4. Shaded pecestrian circulation

6. Small patios to provide sheltered private outdoor Mng space

6. Very imited planting

Figure 3
Typical Layout for Structural Cooling in a Hot-Dry Climate

2.2.3 Combinations of Bodily and Structural Cooling. For bodily cooling,
ventilation is used both day and night to dissipate the solar heat absorbed by

the lightweight building envelope and to cool the building’s occupants.

Nocturnal structural cooling does not allow daytime wind-induced
bodily cooling. 1In order to take advantage of the night coolness stored in a
structural mass, the building must be unventilated during the next day. Thus,
structural cooling and daytime bodily cooling by natural ventilation are
mutually exclusive. Daytime air movement for body cooling may be achieved by
mechanically stirring the air with ceiling fans or some other mechanical
equipment. Natural ventilation can be used for bodily cooling during the
night when the structure is being ventilated. However, there may be limits to
the rate at which cold night air can be introduced to occupied spaces. This
depends on the air temperature and the use of the space.

2.2.4 Evaporative Cooling. Evaporative cooling may be used in hot-arid
climates where water is available and is most effective in regions with high
dry bulb temperatures (greater than 80°F or 26.7°C) and wet bulb temperatures
of 65°F (18.3°C) or less. Evaporative cooling functions through absorption of
sensible heat by water from air during the phase change of liquid to vapor.
Evaporative cooling may be achieved by mechanical or passive (wind induced)
means. Two types of evaporative cooling exist: direct, in which the building
supply air is humidified, and indirect, in which it is not. A combination
indirect and direct evaporative cooling can create cooler temperatures than
that of either type alone. A passive direct evaporative cooling system can
reduce dry bulb temperature by 40 to 50 percent of the difference between dry
bulb and wet bulb temperatures, and a mechanical direct evaporative cooling
system by 60 to 80 percent.

- -
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Evaporative cooling is not covered further in this handbook. For
requirements for design of buildings using evaporative cooling refer to NAVFAC
DM 3.03, Heating, Ventilating, Air Conditioning, and Dehumidifying Systems.

2.2.5 Earth Cooling. The earth may be used as a heat sink wherever the
below grade soil temperature is lower than the ambient interior temperature.
The ground is the only heat sink to which a building can continuously lose
heat by means of conduction during the overheated season. There are no simple
analytical techniques for predicting the cooling potential of the ground.

2.2.6 Combinations of Natural Cooling Strategies. It is possible to
combine the natural cooling strategies, or to use a natural cooling strategy

with mechanical air conditioning or heating. Combinations may be achieved on
a seasonal basis (such as winter mechanical heating with natural ventilation
in the summer for cooling) or by spatial zoning in buildings (partly air
conditioned and partly naturally ventilated). Combining the strategies with
mechanical systems are especially useful in composite climates where seasonal
variations complicate the design of the building (see Figure 4). For a
description of zoned buildings refer to para. 3.2.

Main design features:
Main habitable rooms facing north and south

Controlled space between dwellings for air movement in the humid season
Planting and layout provide protection from hot ~ dry and cold winds
Wails to provide some shade to external spaces

Medium depth of building to allow temporary cross ventilation in the humid
season

L o ol Al

Figure 4
Typical Layout in a Composite Climate

2.3 Comfort Criteria. The acceptable comfort zone shall be that
prescribed by the American Society of Heating, Refrigerating, and Air
Conditioning Engineers (ASHRAE) Standard 55, Thermal Environmental Conditiors
for Human Occupancy. Eighty percent or more of the building occupants will
find this zone thermally acceptable in still air and shade conditions. Figure
5 shows the acceptable range of temperature and humidity conditions for
persons in typical summer (0.35 to 0.6 clo) and winter (0.8 to 1.2 clo)
clothing at near sedentary (less than 1.2 met) activity levels. Refer to
Appendix A, Section 1 for a more detailed description. N
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Figure 5
Bioclimatic Chart with Base Comfort Zone
2.3.1 The Effect of Air Movement. Air movement influences the bodil
y

heat balance by affecting the rate of convective heat transfer between the
skin and air and the rate of bodily coollng through evaporation of skin

moisture. The air VeLOCiﬁY lines on rlgure 5 show the extent to which

increased air movement can increase the range of temperatures and humidities
in which people will feel comfortable.

2.3.2 Required Air Velocities for Human Comfort. Minimum rates of
ventilation are based on requirements for health (oxygen supply and removal of

contaminants). Ventilation, natural or mechanical, is required at all times.
Refer to NAVFAC DM-3.03 for minimum rates by occupancy and building type The
maximum rates of interior air velocity are defined by factors other than human
physiological comfort alone

The upper limit of indoor velocity depends on building type and
use. For offices and commercial spaces, the limit is 160 fpm (0.8 m/sec), the
point at which loose paper, hair and other light objects may be blown about.
In heavy industrial spaces, this limit is not as important as the removal of °
toxic fumes, heat or other deleterious conditions, and higher indoor

velocities ("n te 300 fpm or 1.5 m/sec) are acceptable. Maximum indoor air
velocities fo: residential buildings are between these extremes. A practical
upper limit is 197 fpm (1.0 m/sec), which is shown on the bioclimatic charts

contained in Appendix A.

O
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Section 3: DESIGN CRITERIA

3.1 Building Design for Natural Ventilation
3.1.1 Introduction. Continuous ventilative cooling is suitable in

hot-humid climates such as Hawaii where the high atmospheric humidity limits

the daily swing of temperature. 1In such climates, buildings cannot cool off
sufficiently at night to reduce daytime internal temperatures substantially
below the cutdoor daytime temperature. The best buildings for such zones have
continuous ventilation day and night, both for cocling the occupants directly
and for dissipating any internal gains. The indoor temperatures remain close

to the outdoor temperatures. These buildings are usually open, relying on
their connection to the outside wind environment to achieve the most
comfortable interior conditions.

3
WA
e occupantg and the h1|i1dino st
omotinz maximum ventilation are of

Minimizing heat gain and
importance.

'U

3.1.2 Requirements and Recommendations

n e w

o]
B ot -

I O -
Q

The analysis cons iders Dossible seasona
building design.

3.1.2.2 Required Air Changes. An outside air exchange rate sufficient to
remove internal heat gain must be provided to prevent a rise in interior

temperature. Calculate the required air changes to keep the building’s
interior temperature below the top of the comfort zonme at the 98 fpm (0.5
m/sec) internal air movement bhoundary (refer to Appendix C, Section 2).

3.1.2.3 Site Selection. Sites in which the slope, elevation, orientation,
vegetation and wind pattern act to increase summer and winter cooling by wind
and decrease radiation effects by shading should be used. Locations near
large bodies of water may be preferable if cooling breezes can be directed

To minimize heat ocaing from solar radiation., south conutrh.

FmARILNALT TSV pURaiis AL STacL LGS isy ~ ’ SR L0 R0 §

southeasterly and northern slopes are preferable. West and east facing slopes
should be avoided due to the difficulty of providing adequate shading. The
most desirable wooded sites have high tree canopies and open trunk areas,
permitting air movement while providing shade. Avoid sites with dense low
canopy trees which block breezes and trap humidity in dead air pockets.

h Y B A [ 1 D1 2 3 JL P .21 3 PRI I T R
3.L.L."’ OLt L ilalllil lg 1a MIUSUGELIIE. 3111.].011155 mus e e SPBC g L0 a4110w
winds to reach the ventilation openings. In general, it is not desirable to
site buildings within the wake of surrounding structures or landscaping. 1In

most cases dense development should be avoided. The terrain, surrounding
vegetation and other nearby structures may be used positively to "channel" or

(=
(=
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redirect breezes into the building. On sloping sites, locations near the
crest of the hill on the windward side are desirable. Valley bottoms should
be avoided since they may have reduced air movement.

Cownnt V1awntstbn ann ha ttand A Aharnmnal afvrflaw {n hichar Aancit+v

JLiLTCOL J.a.]uu\.a Call UT UoSTU LU uviiaiulvli airi i iavw Yy llkbllbl. UGIIOJ_\-J
gite planning. If buildings are grouped, airflow principles should be used to
determine the most suitable arrangement.

Minimize unshaded paving to reduce the amount of solar heat
absorbed and stored near the building. Organic ground covers are preferable to
manmade surfaces since they are able to reject solar heat by evaporation. For

a description and guidelines, refer to paras. 4.2 and 4.3 and Appendix A,
Section 3.
3.1.2.5 Building Envelope and Structure. The roof and walls exposed to the

sun shall be well-insulated to keep solar gains to a minimum. Light colored,
reflective exterior surfaces shall be used. Solid outer walls shall be
reduced to a minimum to permit maximum ventilation. The roof becomes the

dominant building feature providing protection from the sun and rain. There
is an advantage to using lightweight envelopes that will not store daytime
hoat fntran +ha avanino Nl e

PR A= Adlw il A V\—llLllb BAV AL D o

The building envelope shall be designed and constructed to maximize
natural ventilation of the interior spaces. The building’s orientation and
shape are important concerns. One- or two-room-deep plans elongated along the
east-west axis are preferable, Window placement, size, type, and position
wiil infiuence ventilation effectiveness. Elevating the building may also be

-2
S -

3.1.2.6 Solar Shading. Shading of the glazing is required at all times of
the year when cooling is required (both natural and mechanical) from 8 am to 6é
pm solar time (refer to Appendix B). The shading should be exterior to the
glazing to provide maximum protection from radiant solar heat gain. External
shading of building surfaces, outdoor living areas and parking lots is also
recommended. For a review of shading device types refer to para. 4.5.5.4.

purpose.

.1 . g should be insulated tic is
PR S | n_ _ £ _ N DU —— 2 L L 1 e VY P | - A2 L A —eeam 1 2 L
requirea. OO0O1LS &aDOVe 1Iuabliea spaces, 8rnad wdlils exXposea L0 direcCt sunilgio
aehAnild alea ha dnaiilat-ad Tay a Aocnvintian Af vanuiramante vyafar +A navra
SDilVVAWY GalLov voe LilOoOViCAaveCu, AV Qa VT OowL ‘.PULVII Vi LATCYUiLLTCuiLo ACiLCT L “v parLa.

4. 5.7

3.1.2.8 Interjor Spaces. Interior occupied spaces shall be shaded and well
ventilated. Minimum interior walls, partitions and other obstructions to
airflow are desirable. Light, reflective colors are preferable. Heat,
moisture, and odor-producing areas should be separated from the rest of the
occupied spaces and separately ventilated (refer to para. 4.6).

12
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3.1.2.9 ck-up Me a ems. It may be necessary or desirable to
include backup ventilation using a whole-house fan, ceiling fans in the
interior spaces, or a mechanical ventilation system to ensure comfort when

wind-driven ventilacion is inadequate. For a description refer to para. 4.6.
Cadldme Fona awa wvameeforad 300 A1TY mnlnve mmmeecn?2nd cmmmmne o mmticanaT Vs aon P I R |
VELLLllE L4Alld 4alT LTcyulicu 1l 4L 1 JUL vccCuplicu spaces UL lldLuLdLly vericiiracea
buildings when comfort cannot be achieved by natural ventilation alone based
on the Climate Analysis Method in Appendix B.

3.1.3 Special Considerations

3.1.3.1 Mechanical System Integration. Naturally ventilated buildings may
not be completely compatible with conventional mechanical systems. Care shall
be exercised so that neither cooling strategy undermines the effectiveness of
the other. Automatic sensors to detect open windowe or deors and to shut down

mechanically-conditioned air supply are recommended in naturally ventilated
buildings with backup air conditioning or closed-loop ventilating systems.

Natural ventilation of buildings with large openings in the
building envelope is inappropriate during months when appreciable heating or
ﬁg PR

ndition required unliess the openings can be closed to thermal and
ation I

P e

3.1.3.2 Condensation. Condensation may be a problem in buildings combining
natural ventilation with mechanical air conditioning. Note that planning and
design to minimize mechanical air conditioning loads does not always coincide
with planning for natural ventilation. If a combined (zoned) system is
desired, each shall be designed for maximum efficiency and the connection

K I W S

a pe CRIEIULLy detailed.

T oo e AL i B

pelweell Lile zones snou

=

3.1.3.3 Other Issues. Due to the "open" nature of narnra11v ventilated

buildings, special consideration shall be given to possible problems with
noise, privacy, and rain protection.

3.1.3.4 Building Types Considerations. High ventilation rates may not be
suitable for offices (where papers may be blown about) or for uses requiring
high security, or rigid environmental standards (such as computer and other
sensitive instrument rooms, toxin-producing processes, hospitals, climnics).
In general, natdral ventilation shall be considered for all housing projects,

storage facilities when climate analysis (refer to Appendix B) indicates that
natural ventilation is an acceptable strategy. Storerooms for hazardous
materials or for materials requiring humidity control are not addressed by
this handbook.

In buildings where natural ventilation is indicated as an
acceptable strategy, mechanical cooling may still be necessary for critical
areas, but the natural ventilation may be used to reduce energy and mechanical

equipment costs in less critical areas. Refer to para. 3.2 for a description-
of zoned buildings.

3.1.4 Optimal Configuration to Encourage Ventilation. Each building
project and site will have a unique set of opportunities and constraints, and
21T L mm e 8 X meae A e e oo Lo L [ S L [ N S I IS D [ B ol
Sn&dii1 pé Consiuered on a case-oy-case pasls. 1ne 101i0owing ~“l1deal” set or
design conditions would produce one optimal configuration for ventilation. -
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near the crest of a south-facing hill with a minimum of five building heights
between buildings. Avoid solid enclosure walls or fences nearby that might
block wind.

a) Site Selection and Planning--The optimal site is an open site

b) Building Shape--Buiidings should be elongated along the
east-west axis, with the long faces to the south and north. Elevate on
columns or north-south walls,

c) Landscaping--Nearby ground surfaces should be covered with
grass rather than asphalt. Trees and hedges that shade the ground, building
surfaces, open outdoor areas, and parking lots should be selected.

d) Building Envelope--Design should provide for adequate
insulation and shading to minimize Internsl heat gains from sclar radiatien.
Large openings in pogitive and negative pressure zones should be on the north

gat

and south walls for ventilation. If insect screens are necessary, they shall
be placed at the balcony walls rather than directly over the windows, to
increase the screen area and reduce its resistance to incoming airflow.

e) Interior Planning--For maximum ventilation, the building should
1 1 - 2 __ 2.1 - _ 2 1 " 3_ 3 e ee—-2 2 _ . o ___ 3 _2t__2__ _1 2L manf e e e e PR G QPGPSR
De pilianmned witn a singileé 10adea COorriaor ana minlmal 1HLerior partitivils in
the naturally ventilated rooms. Separate ventilation of oder, heat or
humidity producing spaces such as bathrooms should be provided and these

spaces should be placed on the lee side of the building. Provide ceiling fans
in all major occupied spaces for use when outside wind speeds are too low.

3.1.5 Analysis and Testing Procedures. Every building design shall be
evaluated to determine if the required comfort ievels are achieved. When
V.. _ a1 2. . £ mna2Y _ a2l Lo - L mmen Lt mbemenAdmnd e L 3
evaiualtlng quallly OL Vveriti1daltloll r1om a4 nuna cumiLvL L dStalupuill lL, il 1D
important to consider the interior air distribution as well as the total
amount of airflow. One or more of the following five analysis methods

ot
(3.1.5.1 through 3.1.5.5) shall be undertaken as early in the design process
ible to facilitate any necessary design changes.

3.1.5.1 Method 1. Perform the window sizing procedure (Appendix C, para.

‘or the worst two naturally ventilated months. If the proposed building
neet t

L At A s A S 3 AL 2o A __® % il ae E e S S N . Ty -
S Or exceeas Lne requiiea W1iraow Squdre 1LooLape, Lllell dbbepl—dule

A AF AnmFart Anan ha avnantaAd

cVv Ui LlmiviL Ldail UT TapTuricu,.

3.1.5.2 Method 2. The ASHRAE formulae may be used to determine interior
air movement rates in relatively simple buildings. Refer to Appendix C, para.
1.2 for formulae and description. Examine the two worst naturally ventilated
months. If the proposed building design achieves greater or equal air
movement than that required from the ciimate analysis (Appendix B), then
acceptable comfort levels can be expected.

3.1.5.3 Method 3, For buildings of complex shape or taller than six
stories, use a wind tunnel test to obtain direct interior velocity

measurements or to obtain surface pressure coefficients for use in the window
sizing method. Refer to Appendix C, para. 1.3 for wind tunnel test
procedures. For buildings that are complex or house critically important
functions, computer analysis using a typical hourly weather tape to estimate
indoor thermal conditions is also recommended. - -
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Refer to Appendix C, Section 2, for information on computer
simulation of building thermal performance.

3.1.5.4 Hethod 4. For one-story buildings, field modeiing may be
substituted for wind tunnel testing (refer to Appendix C, para. 1.4 for a
description of requirements). The results can be plotted on the bioclimatic
chart or input into a computer program to determine comfort levels.

3.1.5.5 Method 5. A thermophysiological model may be used to determine the

percentage of time that the building will be comfortable, based on a
computer - generated hourly simulation of human thermal comfort. Predictions of

the interior air velocity rates (determined by one of the methods listed

above), and hourly indoor thermal conditions (from computer thermal analysis)
are required asg input., For important or complex buildings, this methed will
provide the most accurate estimate of thermal comfort. Refer to Appendix C,

para. 3.1 for description and procedure.

3.2 Building Design for Zones and Seasonal Combinations

3.2.1 introduction. Natural ventilation is commonly combined with

Heating-Ventilation and Alr Conditioning (HVAC) systems in zoned buildings and

seasonally adjustable buildings,

3.2.1.1 Zoned Bujldings. The zoning approach combines natural ventilation
(or other passive cooling strategies) and HVAC systems spatially within the
building. 1In one form, zoning involves migration of occupants by providing a

variety of thermal zones, each of which is comfortable under a different set
of climatic conditions. Because each thermal zone is tuned to a limited set
of environmental conditions, its design is simpler. The zone approach may
exploit a particular site characteristic such as orientation or placem nt near

water, a particular material characteristic such as thermal capacity, a
particular climate characteristic such as nighttime downslope winds, or a
particular cultural or social pattern such as sleeping outdoors. Traditional
examples of such zones are the verandas and porches of the southern U.S. and
the rooftop sleeping areas of Middle Eastern buildings.

3.2.1.2 Seasonally Adjustable Buildings. These are suitable for variable
climates in which natural ventilation applies for only part of the vear.
Seasonally adjustable buildings aim at balancing the differing requirements of
the various seasons. The characteristics of the building envelope and siting
will vary depending upon the length and severity of the seasons. They
commonly employ seasonally adjustable features such as storm windows,
insulated shutters, and solar shading devices such as awnings and vegetated
trellises. Refer to para. 4.5.5.4 for information on solar control.

3.2.2 Requirements and Recommendations. Perform the Climate Analysis in
Appendix B to determine the percentage of time that natural ventilation will

provide comfort and the air velocity required to achieve comfort in the given
climate. This method also examines possible seasonal variations which may
affect the building design.

3.2.2.1 ariy Stages of Design. The designer should consider zoned or
onncnmal Tae ~33cictalT o omeon Voo e £ et 3. oL oV A
STtasvilalliy aujudtLavile cllvelupe COIlLLgurdtilonns aurlilg Lie edily sidages 0].
design in order to maximize their effectiveness. - -



Downloaded from http://www.everyspec.com

3.2.2.2 Considerations for Zoned Buildings. To determine the potential for
a zoned building, examine the programmed uses of the building. Uses requiring
differing environmental conditions suggest a zoned building system.

2.2, Considerations for Seasonal ab uildings. To determine the

_ o a _ L 21 2 . __ _ L 1_ _* __*__ _ — oo %W __ ____.2 _L Y _ L..217 22 _ _ P [N -l .
&CCCPC Dllll.y OL ues.l.g .l.l’lg a seasonaiiy ariaovie ouiiding, ueLerumine e
nitmhar oand mAanthe wthan natriaral asrantdlatrian and masrhanianl ocvetame chniild ha
AANAIMW T L QLI MVIIVIIOD WALAG AL MACA \AL QO L VECIILALLGAQLWAVILII GLIV MG VLIGLIAL VG A aJﬂ\-\,mg DRAV A AL e
used by completing the Design Method contained in Appendix B.

3.2.2.4 Computer Applications. Review the cooling strategies and design
features that could be applicable for different parts of the building and for
different times of the year to determine whether combinations of natural
ventiiation and HVAC systems will work more efficiently than natural

comamde TV m e ? e mew LYXTALY oY Toaoe omdememT o L. 213280 +hd o cmavr sl asmvasd v
veliltiiaillulil VL nvauv aivie, UL SLUpLEC DULLIULIEDS, LllDd may 1IUL LTcyullc
datailed analveic In more comnlex cages. where comnuter gimulation ig
detailed analysis. In more complex cases, where computer simulation is
desirable, the computer program needs to have multi-zoned or attached-sunspace

capabilities in order to simulate a zoned building configuration. Use the
concepts in Sections 2 and 3 and the building features in Section 4 for
natural ventilation as applicable.

3.2.2.5 Seasonal Adjustments. The naturally ventilated part(s) of the
Theed1 AL e emaw aderan mammomsmal adlecntnmmnemt deon mama ATdmatan A aAwvtFnarmd +ha AaviAAd
DA S RIY § 15 Il.ld] chu;l.c SCcasviia L GUJUDLLIIC[IL 4dll DSUVUIT L liLiuavco LU CTALTUU LT pTlavu
of its use. Examples of this seasonal adjustment include screened porches
which are enclosed with glass "storm windows" to become useful as sun spaces

during the winter. Movable insulation panels may also be used either
seasonally or on a night-day cycle to maintain habitability.

3.2.3 Special Considerations

2 92 2 1 Maorhani~rnl Queatoame Trtacrat-ianm T wAanald Av Aamhinarian hiii1A4neoe
IR AT S § peCnanifas oYSTEMS iNtEgracisn. 411l LUNCU Ui COMCLAliavaiUll vuiralliligs,
the connection between the zones must be carefully detailed so that neither

side creates a negative thermal impact on the effectiveness of the other side.
The naturally ventilated portion of the building should be separated from the
mechanically-cooled portion by insulated partitions (a minimum of R-6
insulation for walls, single glazing for windows between zones). Exfiltration
from the mechanically cooled zone should not exceed 1 air change per hour
during the period when mechanical cooling is in operation.

2.2.3.2 Heat loce throuch GClazed Areac nnr{ng the heat no season, 01 azed
2,202 seat loce througn (lazeg Areas, Durlr the heating season, glazed

areas are the most vulnerable component of the building envelope to unwanted
heat loss by radiation and convection. Movable insulation can substantially
reduce both heat loss through glazed components at night and undesirable solar
heat admission during the day.

3.2.4 Analysis and Testing Procedure. In complex or important buildings,
computer simulation may be mecessary or desirable. The computer program must
have multi-zoned or attached sunspace capabilities in order to simulate a

zoned building configuration. :

A single-zone model cannot provide a useful analysis of building
energy use, or of the hourly thermal conditions expected in the various zones.
At a minimum, hourly runs should be done for peak four-day periods in each
season. The naturally ventilated zone(s) of the building may be evaluated
using any of the techniques outlined in para. 3.1.5. - -

16



Downloaded from http://www.everyspec.com

Section 4: BUILDING DESIGN FEATURES AND PRACTICES

1. 1 Y a2 _ A __ e a2 a2 3 ~ a2 L] ] ~ a

4.1 il oauccion. inis section contalns 1nriormaltion On dadesign lreatures
and practices affecting natural ventilation in buildings. Guidelines based on
the best available data are provided. Conflicts between differing guidelines

will arise in some cases. Resolution of these conflicts is left to the
designer’s discretion, since each must be handled on a case-by-case basis.
Comfort, life-cycle costs, maintenance concerns and functional efficiency
should be the primary criteria for such decisions, and designers should draw
on their previous experience as well as on the guidelines presented here. In

most cases, there are several aiternative approaches to achieving a desired
affantr

4.2 Site Selection and Planning

4.2.1 General Principles. The siting of a building(s) will have major

impacts on the comfort of the building’s occupants and on the functioning of

the building and its systems. In fact, the feasibility of using natural

wrpmnemt=d VN At mn Fmae e e VL o mn A1 e PURNY P S o JEUSR S ORI SR - S SR
veltiiatlivil LU Covlling umay daepena on proper sicling. LOIIS1aerdulloln oL Lie
wind and thermal implications of site planning and selection must be given the
highest priority for any building project in the earliest stages of the

planning and design process.

The first task of the planner or designer is to identify the most
suitable site for the building(s), to take advantage of the favorable, and to
mitigate the adverse characteristics of the site and its microclimate. For

Teeed 1AL m o on s fmn o dciaanY oY _ar P T i A i T e P . [ R
vuriuings S LIy, naLuralr v miciriacion, tnis 1inciuaes avoiaing enciosea alLleys
and sheltered leocations, maintaining adequate building spacing (aveiding wind
shadows and wakes) and organizing the site layout to increase interior air

velocities and minimize interior heat gain.

Design of the buildings should not only be related to conditions in
the building 1nterior but also to the external spaces between and around
r spaces can provide valuable additional or

native living area in many types of projects.
4.2.2 Ventilative Considerations. The major site factors affecting
ventilation are described in paras. 4.2.2.1 th ugh 4.2.2.8. Figure 6 is a
flowchart for design and analysis of factors.
4.2.2.1 Topographic Features. If maximum ventilation is desired, avoid
enclosed valleys and very sheltered locations. Sites near the crest of hills
or ridges mfy provide increased exposure to winds for ventilation. Ridge
crests can recelve wind speeds higher than those on flat ground; an increase
of 20 percent is an average rule of thumb. In very windy locations, sites at

the crest of hillé or mountains may receive too much wind with potential for
problems with structure and driving rain. Appendix A, Section 2 discusses
airflow around such features as hills and valleys.

If continuous ventilation is desired, sites on or near the top of a
slope (for increased wind exposure), and facing south (to southeast fo
Annvoanand afFtavenmnm onalav A cmsssan P UL PR | TE n2 ol comans Y a2 2
UTuLiILCTaoTuU alilcTllivuull dvlial CAPUDULC} L Lecoounueniucu, 4 L IILEI. L vellLtirLidilivull 1S
desired, recommended sites are those near the bottom of a slope (to cateh the
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nighttime downslope winds), and facing south to southeast (for decreased
exposure to afternoon sun). In cooler temperate climates, sites in the middle
to upper part of the slope facing south are recommended for access to sun and
wind.

4.2.2.2 Obstructions. Obstructions include elements such as buildings,
fences, trees and other landscaping. They affect both the wind and sun
impinging on the building. Important wind effects of obstructions include
airflow at: flows on the windward face, corner flows, and wakes. Para. 4.3
and Section 3 of Appendix A discuss airflow around simple buildings and
windbreaks. Figures 7 and 8 show wake effects of complex building shapes.

To maximize ventilation, buildings should not be sited within the
wake of any obstruction and should be placed sufficiently far apart that each
acts in isolation. To achieve this, a clear spacing of at least 5H (five
times the height of the upwind building) is required. If the spacing is
closer, the downwind building is placed within the wake of the upwind building
resulting in lowered local air velocities and the possible establishment of a
vortex or roller of trapped air. Such rollers are stable at clear spacings of
less than 1.5H (one and one-half times the height of the upwind building) and
ventilation through the downwind building can be quite weak. For spacings
between 1.5 and 5H, the airflow oscillates between the two patterns shown in
Figure 8 and ventilation in the downwind building(s) will be sporadic and much
less effective than if properly spaced.

4.2.2.3 Pollution Sources. Because it is too difficult to filter
pollutants from the air entering naturally ventilated buildings, the
building(s) should be upwind of pollution sources. When this is not possible,
it is desirable to position them as far as possible from upwind pollution
sources, such as kitchen exhausts or major roads, so that the pollution has
space to disperse in the atmosphere before reaching the building.

4.2.2.4 Placing a New Building in a Developed Area. In positioning more

than one building, or a new building in an already developed area, provision
for air movement must be one of the most important considerations. New
buildings are not only affected by the existing buildings around them but they
can also affect the ventilation in the existing buildings and the air movement
in surrounding open spaces. Buildings and open spaces can be organized to
preserve each building’s access to prevailing breezes. For the same density,
high buildings surrounded by large open spaces have better ventilation than
more closely spaced low-rise buildings.

The important influences on urban winds are:

a) dimensions of obstructions,

b) spacing between obstructions,

c) homogeneity or variability of building height,

d) orientation of streets with regard to prevailing winds, and
e) distribution, size, density, and details of planted and open

areas. . -
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(' \ Reverses
L -~ B/ direction

Building wakes

A. Minimum clear spacing to minimize wake effects on subsequent buildings
B. A stable vortex can form if buildings are placed too close together

C. Wind effects of a highrise on other buildings upwind and downwind

Figure 8
Building Wakes and Interbuilding Spacing

4.2.2.5 Qimensions of the Obstructions. The dimensions of the obstructions
affect the size and extent of the wake zones. In general, the larger and
taller the obstruction, the longer the wake. The spacing between the
obstructions determines vhether the leeward obstruction will be within the
recirculating wake of the upwind obstruction. As described in para. 4.2.2.2,
a minimum clear spacing of five heights of the upwind obstruction is required.
4.2.2.6 Homogeneit Variability of Building Height. Placing a high-rise
building in an area of low-rise development may create strong air currents at

ground level (refer to Appendix A). If the upwind building is higher than the
downwind one,; the lee reoller of the high-rise may sufficiently engulf the
downwind building to cause ventilation in the downwind building to reverse
direction (see Figure 8c).

If the building is taller than six stories, a wind tunnel test

is required to determine the pedestrian-level winds (refer to Wind Tunnel
Testing, para. 1.3 in Appendix C).

A el

4,2,2.7 Orientation of Streets with Regard to Prevailing Winds. If streets
1
1

are laid out parallel to the prevailing winds, the wind will be funneled into
the streets. This funneling will be more pronounced if no major gaps occur
between the buildings lining the streets. If streets are laid perpendicular
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to the prevailing winds and buildings are continuocus, the flow will depend on
street width as described in para, 4.2.2.2. As in the case of single
buildings, a clear spacing (street width) of at least five heights of the

upwind building is required for the downwind building to have unobstructed
ventilation.

Iiw‘—w

Figure 9
Building Spacing Configuration and Ventilation Availability

4.2.2.8 Distribution, Size and Details of Planted and Open Areas. Planted
areas can have a pronounced effect on airflow patterns and speeds. 1In
general, grassy open areas without dense trees or bushes allow the air clos

e
N et Y, | al -1
i

to the ground to be cooled and to returm to its unobstructed velocity. Sunlit
open areas with manmade surfaces may heat the air above them and should be
minimized on the windward sides of naturally ventilated buildings. Trees can
provide shade but may also block wind if their understory is too dense. For
details, refer to para. 4.3.

4.2.3 Thermal and Other Considerations. Other major factors to be

considered in assessing the local features as they affect site planning are
presented in paras. 4.2.3.1 through 4.2.3.5.

i s or ay provide
shade and reduce solar gains. Buildings can be arranged to prov1de shade for
adjacent structures and exterior spaces. The extent and timing of shading due
to nearby obstructions can be determined using a sun path diagram. Refer to

the latest edition of Architectural Graphic Standards for instructions.” ~
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Close building spacing may decrease natural daylight and adversely
affect ventilation. Daylighting is not usually a problem for residential
types of buildings in hot climates. Whether the ventilation is affected
depends largely on the direction of the prevailing wind.

4.2.3.2 Reflectance. The reflectance of nearby surfaces, especially
obstructions and ground surfaces near openings, can have a large effec¢t on the
interior temperatures of the building. Reflected light and local heat
sources, such as nearby asphalt pavement, can substantially increase internal
temperatures of naturally ventilated buildings and should be avoided,
especially on the windward side. Refer also to para. 4.3.

4.2.3.3 Slope. A sloping site may affect the heat gain of the buildings if
it restricts the orientation of the building and its windows. The optimal
orientation for the long face of a building and for windows is north-south
facing. Sloping sites which require placement of windows to the east or west
should be avoided because they are more difficult to shade.

4.2.3.4 Elevation/Altitude. With increasing altitude, temperature and
pollution decrease; precipitation (rainfall, snow, and fog), insolation, and
daily temperature range increase.

4.2.3.5 Proximity to Water. Proximity to large bodies of water may serve
to moderate temperature extremes because water stores more and radiates less
solar energy than soil. On a smaller scale, ponds or sprays may be used to
provide cooling when located near interior spaces if the climate is not too
humid.

4.3 Landscaping
4.3.1 General Principles. Landscaping may affect the microclimate of the

building site and the air movement in and around buildings. (Refer to
Appendix A, Section 2). For naturally ventilated building sites, landscaping
may be effectively used to provide shade for both the building and for the
surrounding outdoor spaces. Landscaping may also be used to increase
ventilative potential or provide shelter from excessive wind.

4.3.2 The Shelter Effect. Windbreaks can protect both buildings and open
spaces from hot or cold winds. A windbreak of vegetation creates areas of

lower wind velocity in its lee by:

a) deflecting some of the wind over the windbreak and the zone
immediately to the leeward of the barrier,

b) absorbing some of the air’s momentum, and

c) dissipating some of the air’s directed momentum into random
turbulent eddies.

Vegetation is more effective at absorbing wind energy than solid
objects, such as buildings, which primarily deflect the wind.

4.3.2.1 Effect of Physical Dimensions of Windbreaks on Sheltered Areas.
The leeward sheltered area varies with the length, height, depth and density
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of the windbreak. As the height and length of the windbreak increase, so dees
the depth of the sheltered area. The sheltered area also increases with

windbreak depth, up to a depth of two windbreak heights (2H). If the
windbreak depth is increased beyond 2H then the flow "reattaches" to the top
of the windbreak and the length of the sheltered area decreases (see Figure
10). An area of slightly lowered velocity also exists for 10H in tronc of the

s, e 11N

shelterbelt or windbreak (see Figure 11).

—i — " 4‘\‘5?*-- —f—
| >2K |
igure 10
Effect of the Along-wind Depth of Windbreaks on the Sheltered Area
4.3.2.2 Effect of Porosity of Windbreaks on Sheltered Areas. The extent of

the sheltered area produced also varies with the porosity of the barrier.

Porous barriers cause less turbulence and can create a greater area of total
shelter (reduced speeds) than solid barriers. The more solid the barrier, the

shorter the distance to the point of minimum wind velocity and the greater th
reduction in velocity at that point. The velocity, however increases more
rapidly downwind of the minimum point providing less sheltered area than
behind a more porous barrier (see Figure 11).

4.3.2.3 Wind Incidence. The incidence angle of the wind also affects the
length of the sheltered area. Tree and hedge windbreaks are most effective
when the wind is normal to the windbreak. If the wind approaches a windbreak
at an oblique angle, the sheltered area is reduced (see Figure 12)

4.3.2.4 Type of Vegetation. Hedges provide a more pronounced sheltering
effect than trees because they have foliage extending to the ground level. 1In
fact, the flow beneath the branches (around the trunks) of trees can actually
be accelerated above the free wind speed upwind of the tree (see Figure 13).
4.3.2.5 If a sheltered area is desired for

= H..v-—'v S al Les11ec 200

a br
y adjustable building, it is recommended that the

a zoned or s asonal

turbulence. To achieve this, windbreaks should be at least 35 percent porous.
The windbreak is most effective when the building it is to protect is located
within 1-1/2 to 5 heights of the windbreak.
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Figure 12
Effect of Wind Incidence Angle on Sheltered Area
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Figure 14 Figure 15
Funneling of Air by Landscaping Air Accelerated by Landscaping
4.3.2.6 Eecommendations to Avoid Sheltered Areas. If shelter is not
desired, plant trees far apart. Shade trees can be used around buildings
without too much ventilation interference if the trees are tall, the trunks
are kept bare and the trees are kept close to the building (see Figure 14)

Dense hedges should not be placed so that they affect the a
building openings.

4.3.3 Change in the Direction and Velocity of Airflow
4.3.3.1 Deflecting Airflow. Rows of trees and hedges can direct air
towards or away from a building (see Fi gure 14), For ventilation, it is

generally best to orient rows perpendicular to the window walls to channel
airflow towards openings, provided that solar control is maintained.

Dense hedges can be used in a manner similar to solid building
to deflect air into the building openings. Refer to para. 4.5.3.
2
1

=
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b
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vegetation will not be as effic1ent as solid wingwalls in p oducing these
effects, but it can be more cost effective than wingwalls because it can be
much larger at a lower cost.

4.3.3.2 Increasing Wind Velocities. Vegetation can create areas of higher
wind velocities by deflecting winds or by funneling air through a narrow

onaning Coa Fionra 1§ amd Annandd O nara 2 9 \ Nawvirawsdms -1

°opening. o€é rigure .5 and appendix U, para. S5.z.) L‘aLLUW].l.l5 C spaci 1g O
the trees used to funnel air can increase the airflow 25 percent above that of
the upwind velocity. A similar effect occurs at the side edge of a windbreak.
4.3.4 Thermal Considerations

4.3.4.1 Blocking Solar Radiation. Large -scale landscaping such as trees
and vines on trellises are used to shade buildings and the snrrOunuxng ground
surfaces. This reduces direct solar gain to the building and indirect
radiation reflected upward into the building from the ground. Trees can block
up to 70 percent of the direct solar radiation, and also filter and cool

- -

surrounding air through transpiration.
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4L 3 4.2 Cround Raflectancsa,

A 2T vt

Natural ground covers tend to be less
reflective than bare soil or manmade

Tabhle 1

Reflectance Values of
Various Groundcovers

surfaces (Table 1) thereby reducing
ground-reflected radiation. A eomminy -
Ground-reflected light represents 10 Niaterial Reflectance (%)
to 15 percent of the total solar Light sand dunes 30-60
radiation transmitted tc the first Scil, sandy 15-40
floor of a building on the sunlit Soil, dark cultivated 7-10
side and may account for greater than Green grass, meadow 20-30
50 percent of total radiation Dry grass 32
transmitted on the shaded side. Woods, bushes 5-20
Bark 23-48
Some portions of this Water surfaces, sea 3-10
radiation can provide desirable Concrete 33-50
daylighting within the building, but Brick,various colors 23-48
glare and total solar gain are Blacktop 10-15
usually greater problems in hot

In general, trees, shrubs, and other irregular vegetation have
lower reflectivity than planar vegetated surfaces such as grass.
4.3.5

Other Congiderations

AT A S alaT i O v

4.3.5.1 Reducing Airborne Dust. Vegetation filters the air and minimizes
lifting of dust from the ground. It is most useful on the windward side of
buildings especially when highways, open lots, or parking lots are located

nearby.

4.3.5.2 Reducing Sound Levels. Mixtures of deciduocus plants and evergreens
reduce sound more effectively than deciduous plantings alone; however,
vegetation has a relatively small effect on sound levels.

4.3.5.3 Visual Screening. Vegetation can also be planned to provide visual

screening for privacy requirements as long as it does not interfere with the
design for effective ventilation.

Building orientation will determine the
intensity of solar radiation falling on the walls and roof of the building,
and the ventilative effectiveness of the building openings. Building shape
determines the amount of exterior surface area for a given enclosed volume and
the length of the interior path of the ventilation air. Together these
factors determine the relative amount of thermal transfer cnrougn the bu

ii
_____ P ~F S S A a2 -t ~~1 -
otential effectiveness of a design to provide cooling b
14 =3
PN
A5

ding
y

Although building shape and orientation are important in minimizing
unwanted solar gain, it is possible to counteract some of this gain or
partially compensate for improper orientation and shape with the design of the
building envelope. Such design measures include light-colored wall surfaces,
locally shaded windows, extra insulation, wingwalls, etc. Likewise, it ‘may be
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possible to somewhat compensate for poor orientation to the wind by detailed
design of the facade and windows, and for poor building shape by the
arrangement of the building’s interior plan.

A A N Y o S S | o o _ % A . a2
4. 4.C UBLLmal of1 2 Q!!O vrienca ;On
4.4.2.1 Thermal Considerations. 1In nearly all climates, the optimim shape

for solar control is roughly elongated alonz the east-west axis. See Figure
16. To minimize solar gains, elongate the north and south walls creating an
east-west axis. East and west exposures (walls and especially glazing) should
be minimized since they are difficult to shade and receive longer periods of

direct radiation. South and north exposures are less difficult to shade,
mmemnmmd 2T Tee ool ol am PRI, DU, A PR PN _L£ 1 AN 3 . L.
especially wiii LUUL oveilnangs. A variation or 15 to LYV degrees LIiom true
south has little effect on the thermal performance of small buildings.
LIORTI 1 |‘" ORTH
i . =
A \20"h 20/
T
I I | _ \|/
. S
May shift up to 20° off of
North/South without severe thermal
penalties.
Figure 16
Building Orientation and Solar Heat Gain
The optimal elongation depends on climatic conditions. 1In severe
hot-humid climates, extreme elongation (2.5 : 1 ratio) creates a narrow
building with a large wind-exposed face for ease of ventilation. Temperate
climates allow more freedom in building shape and orientation.

4.4.2.2 Ventilation Considerations. In an elongated building without

openings, the largest pressure differences (which drive cross-ventilation)
occur when the building is perpendicular to the prevailing wind. However,
this orientation does not necessarily result in the best average interior

eV oo L e _ae _ 2 LY ___ 3 . __21 a2 - b JE ) 121 a . _ Al _ a .
veiloCliu rates Or airriow distripution. ror podily coolilng, tne goal 1s to
achieve the highest average room velocity in which air movement occurs inm all
occupied parts of the room,

When windows are in adjacent walls, the optimum ventilation occurs
with the long building face perpendicular to the wind, but a shift of 20 to 30
degrees from perpendicular will not seriously impair the building’s interior
ventilation. This allows a range of orientations for resolving possible
conflicts with the optimum solar orientation.

29
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Openings on opposite sides:

N
Good overall flow Local circulation

v

Fioure 17
Figure 17
Effects of Wind Incidence Angle on Interior Airflow

ind approaching at an incidence angle of 45 degrees results in interior
velocities that are 15 to 20 percent lower than when the wind approaches
perpendicular to the face (see Figure 17)

When windows are in opposite walls, a 45-degree incidence angle
gives the maximum average indoor air velocity and provides better distribution
of indoor air movement. Wind approaching at 90 degrees is 15 to 20 percent
less effective. Wind parallel to the ventilation face produces ventilation
depending entirely on fluctuations in the wind and is therefore very uncertain

ee T —ezwn P R P L. & /L
rigurce Ll allg para. ‘Q.J.‘I'O).
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G

4.4.2.3 Resolving Conflicts between Thermal and Wind Orientations. Where
optimal solar orientation and wind orientation are opposed, solar '
considerations usually take precedence. In general, inlets for natural
ventilation can more easily be designed to accommodate for less than optimal
wind orientations than solar control devices (see Figure 18). This is
especially true in high-rise buildings where orientation to reduce solar gains
is most important. However, if.the building is low-rise, well- insulated, has
, 1 color and has effectively shaded windows then the change in
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Alternative solutions to the problem created when sun and wind
both come from the west in hot climates where cross ventilation
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but protec'aon from solar radlahon

(2) Rooms facing east and west will have breeze and solar
radiation, a less desirable combination

(3) The careful placnng of extema! walls can be used to

result, obtammq the benefit of cross ventilation and
protection from solar radiation at the same time

(4) The staggering of rooms can be used to achieve the same

internal temperature with respect to orientation may be negligible. In such
cases, ventilation has a greater effect on the internal conditions and
orientation with respect to winds should take precedence.

1 be o a - - o e - a4 eae - - - -
4.4.3 Elevate uiidings. Buildings elevated on columns or lateral walls
roarm hatwwa dennvacnand comenddV mtface —caal 1 L .. av DO o mm b oo ~ Lo

“aii uave iliircascu velillijiatlive poieintial oL p LO oV pel(—eIlL over LlldL oL
buildinoce an orade ind wvalarnitv Inmnvraneae witrh SnAavrancine {oht ahAawa +ha
———————— O~ ~as osuu\-— . A RANA LA R S A \—J AdWwihCAODOVOD w A Wil AbliN A RO Lllb llv L6ll\- QAVVVC “ilc
ground; elevating the building raises it to an area of greater free wind S
speeds.

Elevated buildings can also have inlets in the floor of the
structure which can permit cool, shaded air to enter the building from below.
This design is common in hot, humid climates where floors are elevated to
reduce structural rot. When situated next to water, elevated buildings can -
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allow cooler air that has passed over the body of water to enter the building
from below. Elevating the building may also be worthwhile if the ground is
continually damp or when the building is located in a flood plain.

Airflow beneath a high-rise elevated building may be accelerated
beyond a level which is comfortable or safe for pedestrians. Refer to
Appendix A, para. 3.3.3. .

4.5 Building Envelope and Structure
4.5.1 General Principles. The building materials and type of

construction used will have a significant effect on the heat gain and heat
loss characteristics of the building. For naturally ventilated buildings,
i <

lightweight materials with light-colored, heat-reflecting outer surfaces are
desirable. The major building components of the structure are the roof, which
provides shade and protection from the rain, and the fenest tration system,
which determines the volume, velocity and distribution of interior
ventilation

4.5.2 oof and Roof Ventilators

4.5.2.1 Roof Overhang Effects on

Room Ventilation. Roof overhangs X ‘ . >X e A
can enhance ventilation by damming l ‘ .;ed ] A,pfkfﬁ;?]
the airstream in a pocket at the | /& I ,/%ﬂ
wall thereby increasing the positive l,’ — \ ,! al
pressure outside the window and /

consequently the airflow through the H A | , 4 al VO |
opening and interior air velocities '

(see Figure 19).

4.5.2.2 Roofs--Thermal Roof overhang "traps” air, increasing the positive pressure and
Considerations. Roofs receive the thereby the interior air velocitics.

most solar radiation of any building

surface and are the primary

protection from direct radiation in Figure 19

low-rise buildings. The amount of Roof Overhang and Room Ventilation
solar radiation falling on the

surfaces of a building varies with latitude, season, time of day and building

orientation. iigure 20 shows the relative solar intensities throughout the
day for each building surface for 26°N latitude for each season.

Use light coloring on the roof to reflect solar gain. Effective
insulation, including the use of radiant barriers above resistive insulation,
is critical to ensure comfort in spaces below the roof (see Figure 21).

ics above living spaces need to be independently ventilated. As roof pitch

reases, the temnerature of the ceiling below can be expected to rise.

Also, ventilation of the attic space becomes progressively more difficult.

Attic ventilation should be designed so that openings are provided in both

positive and negative pressure areas to provide proper cross-ventilation

(Refer to Appendix A, Section 3.) When venting attic spaces, be ¢ feful to
i ces or

3.
place exhaust outlets so that hot not bl nto occt
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Overhanging eaves may
provide necessary solar shading for

/'——h\ -
windows and building surfaces. (ffropsidc of truss \ ,-;%
Refer to para. 4.2.3.1. " under sheathing W

(12
4.5.2.3 Ventilators. Higher below bottom chord__ s |
indcor air movement can be obtained = - T
with proper cross-ventilation than
with roof openings. Therefore, roof Ol "
ventilators should not be considered a \f\ !
as alternatives to proper wall Eﬂ Y
openings but should be used in _ijfhﬁfCLG“"“ﬁm“
conjunction with proper wail
openings to obtain well ventilated .
interinr gnaces Onlv nart of the
e r v nitcha Figure 21
windward slope of a steeply pitched gure & o -
roof is under positive pressure Attic Section with Three Possible
Low pitched and flat roofs are Locations for a Radiant Barrier

subject to suction over their entire
areas when:

EQUATION: ¥ =<1,2 length (1)
feet
where:

length = Length of the building in the windward direction

X = Area of the windward face

der these conditions a stagnant zone exists over the entire roof due to flow
separation occurr at the windward eave. The result is that the entire roof
is more or less under suction and is a good location for exhaust outlets.

With high pitched roofs and when the building length is greater than 1.2 times
the area of the windward face, the stagnant zone exists mainly downstream from

the ridge while a portion of the windward side of the roof is under positive

pressure. The critical roof pitch at which the point of ILOW separation is

e 0 _ 3 £ oal _ -2 __ 1 __ .l _ ____ a&- &bl _ a2 den JmmmenA s Asman nAwdnnt Anm A
aispiacea 1rrom Ne wWlinawarda e€ave L0 Lile L1uge uepcelnus Lo a ¢u.5 extent on tine
wall height but may be taken between 18 and 25 degrees for wall heights from
12 to 15 ft (3.6 to 4.6 m) respectively (see Figure 22).

4.5.2.4 Ventilator Placement. Use the strong negative pressure areas near

the ridge as exhaust locations. Placement of exhaust openings on high pitched

roofs is more critical because of possible positive pressure zones, which

should be avoided. Ventilators or wind scoops with openings facing the wind
(9

can act as effective inlets but water infiltration must be comnsidered in their
design and location. Possible problems with privacy, rain, and ncise from
ventilators must be identified and resolved.

4.5.2.5 Ventilator Performance. Wind tunnel studies have shown that the
performance of common turbine roof ventilators is only slightly better than
that of an uncapped pipe. All other tested pipe designs proved more effective
than the turbine type. The highest performance for a simple ventilator was

7

produced by placing a canted flat plate over the pipe (see Figure 23).
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Wingwalls can increase the elevational area of the building
and increase the positive pressure build up and interior
velocity, The lengths of the arrows suggest the relative

|
(

|
W

pressure differences. il
ol
Figure 24 Figure 25
Effect of Wingwalls Wingwall Acting as Air Flow Diverter
4.5.3 Wingwalls. Wingwalls or exterior vertical fins can increase a

building’s ventilative potential by catching and deflecting winds into the

interior. Properly designed wingwalls may also provide solar shading by
PP T S S | L£2L e men e et mn ] e e o~ meem e d o N rsn s =nmwmm /. c c 2
aCllilpy, a5 veELLlCdl 11115 Vil €daSUL dilU WESL elevdallulls., nEeLelr LU pdia. 4.9J.J.9.
4.5.3.1 Ventilative Considerations. Wingwalls can increase interior

ventilation rates when the wind incidence angle is perpendicular to the
building face. Placement of wingwalls to the side, or parapets on top of the
building increases the area of the windward facade creating higher positive
pressures and resulting in higher interior velocities (see Figure 24).

A 4 £ PR, [ I p— P R s ey [ S . PR | F (PR -1l . Aadand G bemana -

Wllls dllS CdIl 4150 e useua Lo 1 u.eL(.epL dllU 111 Ledde LI adauualuLdlice
nf Aahlimia hraarzae inta tha huiilAdine Winowalle nlarad narnandicrnlar t+ta the
of coblique breezes inte the building., Wingwalls placed perpendicular to the
building facade can create air dams that "trap" and redirect air into the
building (see Figure 25).
4.5.3.2 Improving Cross Ventilation. One of the most useful effects of
wingwalls is the creation of cross-ventilation in rooms with windows on one
wall only or in rooms without positive pressure iniets and negative pressure
outlets. Proper placement of wingwalls can create positive and negative
nvranciivan rvhialh Avdwra wrantIlatdnarm v Athaversrt nn otamcrnanmt vAaramea (R rsiva 260N
PLCDDULCD WilAN il \AL A VO VOLIVALAAQLLIVIL 4l1l VLliTLWLOCT o\,asuaub A VVILUOD \4 Léukc v ] .

Wingwalls can improve ventilation in rooms with openings only on
the windward side, but are effective only if they create positive and negative

pressure zones. They cannot improve ventilation in rooms with openings on the
leeward side only.

or ventiliation with openings in one wall only, up to 100 percent
femrmvnrramant AF ha Jaotavrdiaw AadvwFlave annd Al Ahanmen vata maoawr hane o~ $aweaAd
Lml)LUchc 1. vai LIIT ALlILTLAVL aAalliiuw aulu aili \.uausc Lacc lllﬂ] vTCTlL acliilcvocu,
Wingwalls deo not significantly enhance ventilation in cross-ventilated rooms

o t i
0 t sig ! 1 1 in cross t
with openings on opposite walls unless the wind incidence angle is oblique.

For oblique wind angles (40 to 60 degrees), wingwalls can increase average
interior velocity by up to 15 percent.
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Figure 26
Wingwall Designs and Their Effects on Interior Air Flow Patterns
4.5.3.3 Placement and Size. Wingwalls from the ground to eave on small
scale buildings are effective for wind incidence angles from 20 to 140

degrees. Wingwalls can be thicker than shown in the preceding figureé.
Projecting bathrooms, closets, entrances or other architectural features may
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also to para. 4.5.6).
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4.5.4 Windows

4.5.4.1 Ventilation Considerations. As the wind blows onto and around
buildings it creates regions in which the static pressure is above or below
that of the undisturbed airstream. (Refer to Appendix A, Section 3.)
Positive pressure on the windward side forces air into the building, and
negative pressure on the leeward side pulls it out of the building. Pressures
on the other sides are negative or positive depending on the wind incidence
angle and the building shape. The rate of interior airflow is determined by
the magnitude of the pressure difference across the building and the
resistance to airflow of the openings. The size, shape, type and location of
the openings, especially the inlets, determine the velocity and pattern of
internal airflow.

When designing and placing windows and openings for ventilation the
following factors must be considered:

a) Predominant external wind and directions when the winds occur.

b) Construction of the building envelope and landscaping which may
hinder or facilitate natural ventilation of the interior spaces.

c) Location and type of inlets has the largest effect on the
airflow pattern through the space.

d) Location and outlet type has little effect on airflow pattern.

e) Number of air changes per hour has little to do with body
cooling; the airflow velocity and distribution pattern are more important.

f) Changes in indoor airflow direction tend to retard airspeed.

4.5.4.2 Cross Ventilation. Cross ventilation provides the greatest
interior velocities and the best overall air distribution pattern. Openings
in both positive and negative pressure zones are required for cross
ventilation (see Figure 27). For windows on adjacent walls, the overall room
air distribution is best (10 to 20 percent higher average velocities) when the
wind incidence angle is perpendicular to the building face. For windows on
opposite walls, oblique wind incidence angles give 20 to 30 percent higher
average velocities than perpendicular winds. See Figure 17 and para. 4.4.2.2.

4.5.4.3 Windows on One Wall. When windows are restricted to only one
surface, ventilation will usually be weak, and is independent of the wind
direction. Average internal wind speed will not change significantly with
increasing window size. One-sided ventilation can be made effective when two
openings are placed on the windward face, the wind angle is oblique (20 to 70
degrees), the windows are as far apart as possible, and if deflectors such as
wingwalls are used (see Figures 26B and 28).

4.5.4.4 Expected Interior Airspeeds. Indoor airspeeds, even under the most
favorable conditions, are only 30 to 40 percent of the free exterior wind
speed in cross-ventilated spaces, 5 to 15 percent of the free exterior wind
speed in rooms with openings in one wall only and only 3 to 5 percent in rooms
with one opening. s
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Flow through a building ventilated by windward and leeward windows

§\
|
|

/,

3
£

\ I
\';

\,1
.

el

OR®.
\// \\_//
\

/
]
|

/. |\
-

/
|

Flow through a building ventilated by windward and side windows

Flow through a building with all windows on leeward or sidewalls
a w uct

(poor ventila

\rvve

£ R
OWS &re€ in Suc

Figure 27
Alr Flow Patterns and Pressure Zones

W
\0




Downloaded from http://www.everyspec.com

MIL-HDBK-1011/2

i ;’ [N R BPES B I AN
BRI B DN B BN
| S— Lo — Ilf0---\§jl .l//|I--!Q\ll
4! o2 /. 0 B\

: : - + —

- ~. -~ ~ anel O —;r-m-
—~_ > T TN
= il VARYZS

e NI
E{og
A. B. c.

Worst case: one opening. Ventilation is cependent upon puises (fluctuation) of the wind.

B. Better: Two windows placed as far apart as possible and facing obliquely into the wind. Ventilation is
better becuase there is a greater difference in pressure between the two openings.

C. Best. Two openings placed far apart with apropriate located wingwalls facing obliquely into the wind.
Wingwalls improve ventilation by creating positive and negative pressure zones that drive airflow.

Figure 28

4.5.4.5 Effect of Exterior Conditions. The spaces between buildings will
condition the air before it enters through building openings. If possible,
the airflow approaching the building inlet should not pass closely over a
large hot surface (such as a sunbaked asphalt parking lot) which will heat the
incoming air.

4.5.4.6 The Vertical Location in the Wall. The stack effect in most
residential buildings is negligible and completely overwhelmed by even modest
wind effects. If stack ventilation is used, openings must be placed both low
and high in the building. While the movement of air as a result of the stack
effect may be adequate for fresh air supply, it is rarely sufficient to create

the appreciable air movement required in hot zones to provide thermal comfort.
Schemes that attempt to create forced stack ventilation by heating mass within
the stack should not be used.

For wind-driven ventilation, outlet height has little influence on
interior airflow, but inlet height has a great effect on the airflow pattern
in the room. Positive pressures built up on the windward face of the building
can direct the airflow up to the ceiling or down to the floor of the room.
These positive pressures are related to the area of the windward face. Thus,

a window located high on the wall directs airflow up to the ceiling because
the positive pressure built up on the building face is larger below the
window than above it (see Figure 29)

There is usually an abrupt drop (up to 25 percent) in airspeed
below the level of the inlet sill (see Figure 30). The sill height may
significantly alter the air velocity at certain levels while only slightly
affecting the average airspeed in the whole room. Therefore, for body - -
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Air Flow Patterns Through Single Banked Rooms
for Various Openings and Partitions

cooling, the best location for windows is at or below body level. Remember
that body level changes with room use; body level in bedrooms is at bed ‘
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airflow patterns.

4.5.4.7 VWindow Type. Table 2, in

association with Figure 31, provides u u
data pertaining to the effects of

various window types on airflow
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Table 2
Window Type and Interior Airflow Characteristics
Window Max Open Recommendations for
Tvne Interior Air Flo Area (%) Natural Ventilation
Double hung\ Horizontal in same 50 Should be located at level
horiz. sliding direction as and directly in front of
outside airflow. the zone where airflow is
Some air leaks desired.
between panes.
Vertical pivot Horizontal control 50-90 Effects similar to
or casement of airflow. Air wingwalls. Use at the
flows between open level that airflow is
sash and frame and desired.
over top and bottom
of open sash.
Horizontal Upward unless fully 50-90 Best placed below zone
projection or open. where airflow is desired
awning
Jalousie or Vertical control of 60-80 Good placed at any height.
central pivot airflow. Airflow Cannot be fully sealed
at about same angle Maximum vertical control.
as louvers.
 mamm—| —
V
! 1 /\w'/’ l
_
A B
A, Double hung window: top and B. Double hung window: bottom or top
bottom equally open results in open results in slightty
horizontal airflow. deflected airflow.
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Figure 31
Air Flow Patterns Through Single Banked Rooms for Various Window Types -
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Figure 32
Window Shape Performance in Relation to Wind Direction

effectiveness in winds with a 45-degree incidence angle
d

optimal shape has been found to be eight times as wi
smaller width-to-height ratios are also effective.

(see Figure 32).
e as tall, however

34

Square and vertical shapes give peak performance in perpendicular
winds. If the wind incidence angle is confined to a narrow band and opening
can be placed perpendicular to the wind, then square openings will also work
effectively. However, if the wind incidence angle varies, then horizontal
openings will work more effectively under a greater variety of conditions and
should be used. Tall openings are less effective than horizontal or square

shapes for all wind incidences.

.5.4.9 Size. The effect of window size depends on whether or not openings
are cross ventilating. 1If openings are on one surface only, size has little
affect on airflow. In cross-ventilated rooms, airflow is determined mainly by
the area of the smallest openings; average indoor velocity and number of air
changes is highest when inlet area is equal to or slightly less than outlet
area as in Equation 1.

EQUATION: outlet area/inlet area = 1.25 (2)
Ventilation is more efficient for a greater number of incidence
angles when inlets are larger than the outlets. If concentrated flow in a

restricted area of the
the outlets and placed
ventilated (see Figure

possible with inlet area equal to or slightly less than outlet area.

determine the size of w

S sendiv O
refer to Appendix C,

Qam+2~
oeCL10

room is desired, the inlets may be sized smaller than
immediately adjacent to the living space to be

33). In general, use the largest area of openings
To

indows necessary to obtain a given air change rate,
n 1.
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Effect of Relative Opening Size on Airflow

4.5.4.10 Insect Screening. Insect screening decreases the ventilative
effectiveness of openings. The amount of decrease in velocity varies with
screen type and the incident wind direction and velocity. Decreases in
velocity are greater with lower wind speeds and oblique winds, and can be as
high as 60 percent (refer to Table 3).

Because insect screening lowers the effectiveness of the openings
for ventilation its presence must be factored in when sizing windows. 1In the
window sizing procedure in Appendix C, Section 1, a porosity factor is used to

- L

’
l’w er the opening’s ventilative effectiveness when screens are used.

_______ LaC 1 acluss L5l

front of the balconv rather than at each opening (see Figure 34). This
creates less resistance to airflow and results in greater interior velocities.

If possible, place insect screening across the larger area at the

Table 3
Reduction in Wind Velocity Due to Imsect Screens
As a Function of Incidence Angle
Normal Incidence 67.5 degree Incidence
Outside Velocity
Inside Velocity Reduction Inside Velocity Reduction
m/s fom m/s fpm % m/s fom %
0.75 150 0.49 98 35 04.0 80 47
1.23 250 0.87 178 29 0.75 1583 39
2.50 500 1.33 267 47 1.00 200 60
3.30 650 1.79 353 47 1.33 262 60
3.80 750 2.64 520 31 2.23 438 42
Average 38 50
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Balcony Balod'ny
1

Place insect screening here

Figure 34
Best Location for Insect Screening

Screens should be located in all areas where insects, rodents, or
birds could prove to be an annoyance or damage the contents of a room. Unless
the specific requirements of the local environment dictate otherwise, l4-wire
screen should be used. This allows greater interior airflow than higher
density mesh and should prevent most insects from entering the building. It
is possible in high-rise buildings to eliminate screens on the upper floors
(above four stories) if the designer and Activity mutually agree to its
acceptability.

When a building is located adjacent to a highway, parking lot, or
other dusty area, screens may assist in reducing the infiltration of windborne
dust, dirt, and other debris. The use of screens for this purpose, however,
must not interfere with requirements for adequate ventilation. Screens should
be maintained on a regular basis.

4.5.4.11 Thermal Considerations. Windows usually contribute the major
portion of solar heat transmission into a building. For minimum solar gain,
openings should be located primarily on the north and south sides rather than
the east and west sides, and all openings shall be completely shaded between 8
am and 6 pm solar time during the cooling season to minimize heat gain (refer
to para. 4.5.6).

Separation of the light-admitting, view, and ventilating purposes
of windows may be advantageous (refer to para. 4.5.5).

4.5.5 Separation of Functions. It is possible to separate the
light-admitting (and therefore heat-admitting) and ventilating purposes of
windows, so that there can be larger inlet and outlet areas with lower total
solar gain. This separation is especially useful in tradewind areas where the
predominant wind directions (from the northeast to southeast) are difficult to
shade effectively. It may be preferable to use shaded, opaque openings for
ventilation on the easterly exposures and separate glazed windows for view and
daylight on the north and south facing exposures, which may or may not be
operable as well. N

45
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light and heat include opaque or reflective louvered windows or walls and

opaque sliding or pivoting window or wall panels. A wall may also consist of

a combination of window t;pes which may be used alone or in combination to
provide ventilation, view, or privacy or to provide protection from the sun or
rain (Figure 35). One such combination wall might consist of:

b) A sliding panel of opaque louvers for providing ventilation air
while protecting from the sun and light rains. (Insulated opaque panels may
also reduce the outward flow of heat in winter or at night when ventilation
for cooling is not desired.)

[
——iggﬂﬂﬂ
B =

Sleep Privacy

Figure 35
Possible Combinations of Wall Systems

1 ers may be used on the lower part of a a
wrf Aanarahla latwrare ahawva fFar vantilatian 1iocht and viow Trn warm-hiimid
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climates such as the tropics, it is important to admit wind for cooling while
preventing the admittance of wind driven rain. In Window and Ventilator

Openings in Warm and Humid Climates, Koenigsberger, Miller, and Costopolous,
(1959), report that only M-shaped fixed louvers satisfy the requirement of
keeping the rain out and allowing the breeze to enter without deflecting it

Fal
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4.5.5.2 orizontal Shadin | l ‘j%“\y,\(/AQC’ ‘
Devices. A roof overhang is the 1 260 }
simplest and most malntenance-free '
exterior chadine device v are OS5 mun (26 gauge) steel

5 TEYaSS.

most effective on the south side, but
can also be used on the southwest,
southeast and north facades. On
east- or west-facing walls, overhangs

must be very deep to be effective.

The necessary depth may be achieved by the use of an attached covered porch or

rarnartr ar hv
carperc, or oy

e A

ndnn|nko1v wide avterior balconies
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See Figure 37.
o

Careful detailing of horizontal exterior shades will maintain the

ventilation efficiency of the openings.

building to prevent airflow from attaching to the ceiling (see Figure 38).
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Solar Shading Masks for Overhangs and Side Fins - -
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The Effects of Horizontal Exterior Shading on Interior Airflow

Fiocure 38
Figure 238
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Placing the horizontal sunshade slightly above the upper edge of the window
can also be used to maintain body level airflow. The exact size of the gap or
placement of the overhang required depends upon the sunshade and window sizes.

~a ~ - - [T . o Tn mAn
4.5.5.3 Vertical Shadi ng “ge'v'iccs . Vertical fins or wiuswal 1s are the most
appropriate shading devices for east and west facing openings which receive

i
sun at low angles, and for southeast and southwest openings in combination
with horizontal shading. Wingwalls which increase the ventilative potential
of the building may also be used for shading if they are properly designed

(refer to para. 4.5.3).

4.5.5.4 Other Types. Operable exterior shutters, rolidown shades and
blinds can provide effective shading on any facade. They are most useful on
east and west openings which are difficult to shade with overhangs or vertical

a
shading devices. The thermal performance of closed exterior shutters depends
on how well the heat absorbed by the shade is dissipated to the outside air.
For this reason, light-colored reflective shutters are preferred in hot
climates. For naturally ventilated buildings, the specification of such
devices should be treated with care since air movement to the building

interiors is reduced when the shutters or shades are in their closed position.
If the operation of the devices is not obvious, provision should be made for
mounting instructions nearby.

Site obstructions such as buildings and trees may provide effective
building or window shading. Analysis of the site using a sunpath diagram is
recommended to determine when such shading occurs.

4.5.5.5 Glazing Type. Each glazing type provides differing amounts of
resistance to solar heat gain. Reflective and absorbing glazing types can
reduce cooling loads 15 to 30 percent below that of clear glass with some

Heat-absorbing glazing is less effective than reflective glazing
because it absorbs the solar heat into the glass, thereby increasing the heat
Better performance can be

obtained with either reflective or heat absorbing giazing if they are used as
the exterior panel of a double glazed window. In general, clear glazing with
effective exterior shading shall be used unless an optional glazing/shading
system can be justified in a cost-benefit analysis

4.5.6 Design Procedure. Refer to the latest edition of Architectural

Graphic Standards for details on designing exterior solar shading.

4.5.7 Insujation. Insulation is used in naturally cooled buildings to
reduce the amount of solar heat transmitted to occupied areas. The designer
shall use the most appropriate and cost effective means of controlling heat

D
gain through the roofs and walls of the structure with a minimum recommended
composite R-value (R = thermal resistance value of the assembly) of R-20 for
roofs and R-11 for walls which are exposed to solar radiation.

The insulation systems may be located inside or outside the
uilding structure and should be selected using the following criteria as

o
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MIL-HDBK-1190 Facility Planning and Design Guide
NAVFAC DM-1 Series chit
NAVFAC DM-3 Series Mechanica ngineeri
NAVFACINST 4100.5A Design Criteria Guidance for Energy
Conservation
NCEL CR 83.005 Handbook of Thermal Insulation
Applications
In hot humid climates, special attention should be given to
insulation systems that protect against radiant heat gain (especially through
the roof), since this is the major contributor to internal heat gains. Such

systems are typically composed of one to three reflective foil liners with
airspaces between, located between or attached to the structural members.
Recent studies performed at the Florida Solar Energy Center have shown that
radiant barriers in both roof and wall configurations are effective at

preventing heat gain if properly used. Where heat loss is a concern, they
should be supplemented with standard resistive insulation such as glass fiber,
mineral wool, or rigid foams

When roof or wall insulation is not used it is the responsibility
of the designer to justify the alternate proposed wall or roof system(s). In
these cases, the designer should clearly show that the internal temperatures
will not be adversely affected by minimizing or eliminating insulation in the
roofs and/or walils.
4.5.7.1 Ventilative Considerations. Partitions t or walls usua
lower interior velocities and change airflow distributions by diverting the
air from its most direct path from inlet to outlet. The closer the interior
wall is to the inlet, the more abrupt the change in the airflow pattern and
more of the air'’'s velocity is dissipated. To maintain high interior
velocities for natural ventilation, interior walls perpendicular to the flow
should be placed close to the outlet (see Figure 39).

ns and interior walls usuall

=X

wal
i

sylic ulation, creating better
overall room air distribution in rooms with poor exterior orientation (see
Figure 40).

irflow beneficiallv,

w o wTuacialaiciiy

Naturally ventilated buildings should be single-loaded for easier
cross ventilation. Corridors can be either on the upwind or downwind side,

side of the living spaces.

4.5.7.2 Thermal Considerations. Locations of rooms with respect to their
thermal characteristics and requirements can reduce energy consumption.

SV r . 12 L f Y de md e o

Spaces which require little heating, cooling or light (closets, storage: -
P ’ g g
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Figure 39
Effects of Interior Partition Locations on Air Flow Patterns

garages, laundry rooms, mechanical
chases, stairways, etc.) can be

placed on the east, west, 6 or north
exposures of the building to act as <F—-~\\\\\:"“‘\\\\\
buffer spaces to minimize east/west R << ~
solar gains. ﬁ l\

2.

Rooms with high process

il S
heat gain (such as computer rooms) 4_/4_'/‘

or high latent heat gain (such as

laundries) should be placed near the

building’s ventilative outlets or be
separately ventilated in order to

the building. They should also be . N
separated from other ventilated Figure 4U .
spaces by insulated walls (refer to Partitions to Split Air Fiow
para. 3.2).

Rooms can also be zoned so that activities can take place in cooler
areas during warm periods and warmer areas during cool periods of the day or

_____ 2

season (refer to para. 3.2).

s r con be the building’s primary
shading device. Although they block ; ation, they absorb and re-
radiate an appreciable amount of it within the room. This is true even for
white drapes and blinds. An internal white venetian blind will reduce the
daily average solar heat gain by less than 20 percent. Only exterior shading
devices should be used as the primary solar control inm all cases. T

w
i
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A building with exterior solar control devices may still require
drapes or blinds for privacy or to control light levels or glare. Since they
block ventilative airflow, their use should be carefully considered. Drapes
tend to block more air movement than blinds, but under high ventilation rates
blinds may fall apart or cause excessive noise. When possible, they should be
solidly connected to the floor and the ceiling to prevent blowing or rattling,
and should allow air movement even when fully closed. Consider the use of
systems that can be controlled at different heights to allow some portions to
remain open while other portions are closed.

4.5.7.4 Furniture. Large pieces of furniture can have a major effect on
room airflow patterns. Items such as desks and beds can prevent air movement
below 30 inches (76 cm) or divert airflow away from occupants. These effects

=T e

should be considered when selecting furniture and laying out furniture plans.

4.6 Auxiliary Fan Systems. Fans are frequently used to supplement
natural ventilation. Fans reduce cooling requirements by exhausting heat from
the building interior, and by increasing air movement in the living space to

assist bodily cooling. Refer to para. 2.2 for a description of body and
structural cooling.

4.6.1 Ceiling Fans. This type of fan is effective for bodily cooling o

a room-by-room basis. Ceiling fans can provide inexpensive air mixing when
wind-driven ventilation is inadequate. Figure 41 shows the typical
distribution of air velocity under a ceiling fan. When choosing ceiling fans,
consider control over speed variability, minimum and maximum speeds, noise
level, power requirements and minimum floor to ceiling heights.

For naturally ventilated buildings in which high air movement
(above 98 fpm or 0.5 m/sec) is required for comfort, ceiling fans are required
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Figure 41
Air Distribution Patterns for Ceiling Fan .
52

e ——m— - -~ waaw
Moiw valildilly wWillus _ ILNe winm uwyii NA TimmenAal ~Ad < 'S



Downloaded from http://www.everyspec.com

for each primary occupied space to maintain comfort during periods of low
winds, extreme temperatures and/or humidities or during heavy rains when
windows may be shut. Refer to para. 3.l.4e.

4.6.2 Whoie-House Fans. In some cases wind-driven natural ventilation
through open windows may not provide sufficient ventilation to exhaust heat
from the building’s interior. Constrained building orientation or dense
surroundings may prevent the wind from creating pressures across the building

In such cases whole house fans, which typically induce 30 to 60 air changes
per hour, may be necessary as backup units. Whole-house fans have low initial
investment costs (about $400 to $600 installed) and low energy demand (between
300 and 500 watts, roughly one tenth the consumption of an air conditioner).

2 whala_ bniian Farm —i:11o
The whole-house fan puLis
air in through open windows and

Figure 42). Openings in the floor

g ™ A
are sometimes used to draw air from L\Qéﬁx f:rg\,;:iQV/t::?<§Y
rfﬁé§325:§ :::g \\\

the cooler, shaded underside of an

elevated building A whole-house <§>lIJ;:*\\ L:<§g:§g,;: ::;1 >
fan should be centrally located in Gx:q*'r}9\1::——"’ =] =
tha hudildineg ashrve o mihl fn nina « ' "1 R s
e ovuiiaging, OOVE & puvill area Ef %r ‘ q

such as a hall or stairwell, so that - <_>

it draws in air from all parts of 1 —5

the building.

Whole-house fans are

primarily used for cooling the

L. 21 3 e . P Fico gure 4?2

puliding’s structure, often by T

enhancing night ventilation. The Air Flow from a Whole-House Fan
fan is turned on when outdoor

temperatures drop in the late afternoon or early evening. In the morning, the

fan should be turned off and the windows closed before the outdoor tem mperature
begins to rise above the interior temperature.

4.6.3 § zi g Openings for Whole-House Fans. The total open window
area should be approximately two times the open area of the fa The total
open window area should be three times the whole-house fan op‘n area if there
is insect screening at the windows. It is not necessary to open windows all
the way to ventilate with a whole-house fan. They can be opened 4-6 in.
(100-150 mm) and fixed in a secure position by stops or window locks.

The attic vents need to be larger than normal for effective whole-

house fan ventilation. The free exhaust area should be approximately twice
that of the area of the fan itself, and three times the area if screening is
used. Openings should be distributed throughout the attic or placed to the
lee side of the building for adequate ventilation. Refer to Appendix C,
Section 4, for whole-house fan sizing procedure.

4.6.4 Fans for Body Cooling. Although whole-house fans can create some

air motion, especially near windows and near the fan outlet, the interior
velocities created are in general too low for body cooling. Therefore, ceiling
fans or portable oscillating fans are recommended for body coollng It is

le to use both types of fans in combination in
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Section 5: OCCUPANT AND MAINTENANCE MANUALS

5.1 Purpose. In order to maintain the level of comfort for which the
building was designed, user-occupants must be informed about the special

nature of their environment and how to use any unusual occupant-controlled
mechanisms provided in the building. Also special maintenance considerations
that affect natural ventilation and comfort should be identified.

5.2 c ant’s Manua A short, informative letter about the unique
and special features of the building and their proper use should be sent to
each occupant or posted prominently in each room. This letter should contain

information on:

a) The natural ventilation strategy and how it works. For
example, occupants should be informed that unless outside air temperatures are
comfortable, windows and other openings should be closed during the day,
opened at night, and ceiling fans used to provide air movement.

b) Proper use of blinds, insulated shades, shutters, fans and
other operable devices.

c) Use of mechanical air-conditioning backup systems.

Requirements for the maintenance of any

2 | V g §
oD rial
he hii{11d9nmoca mita
ea ffec ative effectiveness of the DU110ings must be

identified and outlined The basic principle(s) behind the particular feature
should be noted so that the maintenance personnel will understand why the
specific requirements must be followed. This handbook should include
information on the proper care of:

P'h wn

tures
LRRIES

ding envelope--color and other surface requirements,
£
ES

Vel oo

a) Buil
or clean ng, ecc.

b) Landscaping--pruning and its effect on ventilation and shading,
watering, etc.

c) Mechanical systems--any special considerations.

d) Special features or devices--insulated shades, ceiling fans,

evanorative coolerg, etc

SYSpPataVs VAt a s, .

e) Areas and features which cannot be built up or obstructed
without adversely affecting occupant comfort must be identified. Planners and
designers of later additions or modifications must be properly informed of
these areas and the possible affects of their actions.
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Section 1: PEOPLE AND COMFORT

1.1 Comfort Criteria. Thermal comfort is maintained when the body is
in thermal equilibrium with its surroundings. The human body exchanges heat
with the environment through convection, radiation, evaporation, and through
conduction to solid objects. The primary environmental factors affecting
these heat exchanges are: air temperature, surrounding surface temperatures

(mean radiant temperatures or MRT), humidity, solar radiation from the sun and
sky, and air motion. The primary personal factors affecting the heat
exchanges are activity level (equivalent to metabolic rate and measured in
mets) and clothing insulation (measured in clo). Current research does not

indicate significant differences in the perception of comfort due to
differences in age (of adults), nationality, or sex.
1.2 The Effect of Air Movement. Air movement influences bodily heat

11O0velie1in . Ovelelilt oali’

balance by affecting the rate of convective heat transfer between skin and
air, and the rate of bodily cooling through evaporation of skin moisture.

1.3 Acceptable Comfort Zone. The acceptable comfort zone shall be as
prescribed by ASHRAE Standard 55. Eighty percent or more of building
occupants will find this zone thermally acceptable in still air and shade
conditions. The etandard is based on the concept of operative temperature,
ts, in which air temperature and radiant temperature are linked as follows:
EQUATION: to= (hety+ hete)/(he+ hy ) 3)
where: he is the heat transfer coefficient of air,

hy is the heat transfer coefficient of mean radiant

temperatures,

ty, is the temperature of the air, and

t; 1s the mean radiant temperature.

Figure 4 in Section 2 gives the acceptable range of operative temperature and
humidity for persons in typical summer (0.35 to 0.6 clo) and winter (0.8 to
1.2 clo) clothing at near sedentary (< 1.2 met) activity levels. See Tables

A-1 and A-2 for ranges of activity levels and typical clothing.

1.3.1 Comfort, Humidity, and Condensation. It is possible to have
moisture condensation in a building below the humidity maximum of 95 percent
relative humidity shown in Figure A-1., ASHRAE Standard 55-1981 has a lower
maximum (0.012 humidity ratio) that is based on avoiding condensation and mold

growth in ducts of centrally air conditioned buildings rather than on human
thermal comfort requirements. In naturally ventilated buildings, surface
temperatures are closer to the ambient air temperature than in the ducts of
mechanically air conditioned buildings. This reduces the potential for

condensation and mold growth, allowing the higher acceptable humidity limit

Figure A-1 alsc gives air velocities required to allow occupants to
feel comfortable at temperature and humidity conditions above the still air

humidi =7

comfort zone; this figure is called a "bioclimatic chart" because it plots the
comfort boundaries over an extended range of environmental conditions.
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e
Metabolic Rates

Activity Metabolic Rate (Met)
Reclining 0.8
Seated quietly 1.0
Sedentary activity (office, dwelling, lab, school) 1.2
Standing, relaxed 1.2
Light activity, standing (shopping, lab, light industry) 1.6
Medium activity, standing (domestic work, machine work) 2.0
High activity (heavy machine work, garage work) 3.0

1 Met = 58 watgf/hﬁof body surface, or 50 kcal/h * m? of body surface, or
18.4 Btu/h * ft“ of body surface.

Table A-2
Clo Values
MEN WOMEN
Underwear: Underwear:
Sleeveless 0.06 Bra and panties 0.05
T-shirt 0.09 Half slip 0.13
Briefs 0.05 Full slip 0.19
Long underwear top 0.10 Long underwear top 0.10
Long underwear bottom .10 Long underwear bottom 0.10
Torse: Torso:
Light short sleeve shirt 0.14 Light blouse 0.20
Light long sleeve shirt 0.22 Heavy blouse 0.29
Heavy short sleeve shirt 0.25 Light dress 0.22
(+5% for tie or turtleneck)
Light vest 0.15 Light skirt 0.10
Heavy vest 0.29 Heavy skirt 0.22
Light trousers 0.26 Light slacks 0.26
Heavy trousers 0.32 Heavy slacks 0.44
Heavy sweater 0.37 Heavy sweater 0.37
Light jacket 0.22 Light Jacket 0.17
Heavy jacket 0.49 Heavy jacket 0.37
Footwear: Footwear:
Ankle socks 0.04 Any length stockings 0.01
Knee high socks 0.10 Pantyhose .01
Sandals 0.02 Sandals 0.02
Oxford shoes 0.04 Pumps 0.04
Boots 0.08 Boots 0.08
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Bioclimatic Chart with Example Points
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APPENDIX A (continued)

1.4 The Bioclimatic Chart. If the plotted point falls within the
comfort zone, conditions are comfortable in the shade and in still air (air
movement less than 5.0 fpm or 0.026 m/sec). If the point falls outside the
comfort zone, corrective measures are necessary to bring conditions into the
comfort zone. If the point is to the left of the comfort zone, additional
solar or surface radiation is needed. If the point is the right of the
comfort zone, additional air movement is needed. If the point is below the
comfort zone, additional moisture is needed and if above, dehumidification is
needed. For the following examples, see Figure A-1.

a) Comfort Zone: Point A--78°F (25°C) and 50 percent relative
humidity. No corrective measures needed; comfort in shade and still air.

b) Air Movement: Point B--90°F (32°C) and 35 percent relative
humidity. Corrective measure: air movement of 197 fpm (1.0 m/sec) is
required for human thermal comfort.

¢) Moisture: Point C--86°F (30°C) an

humidity. Corrective measure: 1lower the temperature by vaporating water
with the attendant effect of increasing the humidity. Note that comfort could
also be attained by providing air movement of 98 fpm (0.5 m/sec).
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1.5 Variations in Clothing and Activity Level. The comfort zone
temperatures of Figure A-1 shall be decreased when the average steady state
activity level of the occupants is higher than near sedentary (1.2 met). The
acceptable temperature depends both on the time average activity level and on
clothing (clo) insulation (refer to Table A-2). The acceptable temperature
for activity levels between 1.2 and 3.0 mets can be calculated as follows.

EQUATION: Total Clo = 0.82 (sum of individual items) (4)
EQUATION: tactive = Csedentary = 3.4 (1 + clo)(met - 1.2)°F (5)
or:
EQUATION: tactive = tsedentary - 3 (1 + clo)(met - 1.2)°C (6)
where: t = the operative temperature,

clo = clothing insulation level (clo units), and

1 clo = 0.155 m? °C/watt
met = metabolic activity rate (met units).

For example, in a machine shop where the average activity from Table A-1 is 2
mets and the clothing is 1 clo, the upper and lower temperature boundaries of
the comfort zone should be moved to the left as in Equa tion 7 or 8.

EQUATION: 5.4 (1 + 1 clo)(2.0 - 1.2) = 5.4 (2)(0.8) = 8.6°F 7N

EQUATION: 3 (1+1clo)(2.0-1.2) =3 (2)(0.8) = 4.8°C (8)
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Section 2: CLIMATE AND MICROCLIMATE

2.1 Climatic Elements Affecting Natural Cooling. The local climate

Py o RS I TUURE B I i Y . - B} < st L s £ 2. S, - 3
affects the building’s energy efficiency, the comfort of its occupants, and
its resistance to weathering. The climatic elements important to natural
cooling in buildings are: temperature, wind, humidity and radiation. Records
of these climatic elements exist in many forms. The Air Forces’ RUSSWO

(Revised Uniform Summary of Surface Weather Observations) or the Navy's SMOS
(Summary of Meteorological Observations, Surface) Part C "Surface Winds" and
Part E "Temperature and Humidity" summaries, available from the National

Climatic Center in Asheville, North Carolina, are the most complete weather
At memad T LT ——— a3 L 0V a o L Voo a3 Y L oo Al _ ..
udcida validavilie, generdiea Lrriom 10 g-cerm nour.l.y IeCoras utdakKen 1L1om wealner
bureau and military weather stations.

Climatic elements must be examined in conjunction with each other.
The wind is a good illustration of the need to relate climatic elements to
each other. In humid climates it is a blessing and dominates the layout,
orientation and shape of buildings. 1In arid climates it carries dust, brings
little relief from heat and must be excluded during the daytime.

2.2 Extrapolating Regional Weather Data to Specific Sites. The weather
at the building site may iffer from that at the weacher station providing the

with larger distances between the two locations. Because there are relatively
few first-order weather stations providing the detailed climate data needed
for natural ventilation design, the distance between any given building site
and its cLosesc or most approprlate weather station will tend to be large.

- amdmmee Ao o eae ea P, 21 3 _ _ .. F N,

his can introduce error in the predicted building performance.

"F

To reduce this error, estimates can be made of the differences
between the climates of the weather station and the building site, and, if

they are significant, adjustments may be applied to the weather station data
to account for the differences. The climatic differences are estimated from

two sources of information. First, if one has access to a more local climate

record of limited detail or limited period of measurement, one may compare

P A R Y. Y. A cefal &l . e 3L e 3 _ a2V _ 3 .3 . __af _ . &l _ P I |

tnis reCora wiuln uTne more daistant daecalledad recora To estimate tne overaill
differences between the sites. Second, the local terrain and ground cover may
have predictable effects on the climate.

Of the important climate elements for the design of natural cooling
in buildings, humidity and solar radiation data are not generally subject to
extrapolation, reasons given in paras. 2.2.1 and 2.2.2.

2.2.1 Humidity. There is usually very little humidity data available
from local second-order weather stations, and there are few generalizations
that can be made about the amount of atmospheric moisture above a site, based
on a description of the site’s physical characteristics.

2.2.2 Solar Radiation. Solar radiation data are usually not available

from local sources, either measured directly or extrapolated from cloud cover

observation. It is possible to quantify the very local effects of site
obstructions blocking solar radiation on site hour by hour. This information
g Iimnartant Favr anatirata anameibar ofmiilatbdancme AF hatd1AS e maovrFavrmanna hest 3§ o
49 4lipuUlL Lalll LUl atilulialc Luvldpuilecl SliHuiallulls UL Dulilullly prlivligiailce, vut 1o
not a primary requirement for determining or evaluating natural cooling- -
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b

strategies, where the elimination of solar gains is a precondition to the

analysis. It is therefore beyond the scope “of this handbook. Use
Architectural Graphic Standards or the ASHRAE Handbook of Fundamentals to
determine the shading from trees, buildings and building features. Check the
documentation of the building loads program being considered for the computer

simulation. If a loads program cannot handle external obstructions, it is

probably better to pick a more comprehensive computer program than to

preprocess the weather data to correct for local site shading effects.

2.2.3 Temperature. Temperature varies geographically with elevation and -

surface type. Urban areas may have higher temperatures than the surrounding
rural terrain. Temperature data are most commonly available from second-order
local weather stations. The data are usually in the form of monthly averages

o a_ 21 S I R S BT A Y & A S AL a3 Lo 3 2 Voo e 32 Lea
of dally maximum and minimum Cemperatures, ootained ITom 4Gally Treadilngs rrom a
max-min thermometer. Such averages may be used tc adjust the bin data or
hourly data from the weather station, by adding to each bin value or hourly

value the difference between the monthly averages at the two locations. This
technique might also be used to approximate an urban heat island of estimated
magnitude. Be aware that if the daily temperature range (as described by the
daily maximum minus the daily minimum) differs for the two sites, this

technique will not be accurate. Such differences may occur between coastal and
dry inland locatioms. Finally, each bin value or hourly value may be adjusted
for altitude differences at the adiabatic lapse rate of 5.4°F per 1,000 ft
elevation (1°C per 100 m), with temperature decreasing with elevation.

2.2.4 Wind. The most important climate data extrapolations occur with

the wind. As with temperature, local records may be used to adjust the bin or
hourly data. Local records of wind are however far less common than local
temperature records, and are often of dubious accuracy due to poorly

positioned or maintained instruments. The most likely adjustment will be due
to local site influences. These could be assessed by setting up short-term

monitoring on site to obtain a local record, or by estimating the wind effects
of the local site based on some of the Drinciples described below. For major

projects, a meteorologist should be consulted to make such estimates.

2.2.4.1 Topography. Topography has a pronounced effect on the wind at the

surface. Wind flow conforms to terrain, changing its strength, steadiness,
and direction as it passes over the uneven ground. Figure A-2 shows the
velocity profiles of wind approaching a hill or ridge, at the crest, and on
its leeward side. A strong acceleration is seen near the surface at the top
of the hill, and a flow reversal due to an eddy at low levels in its lee. 1In

general, the wind acceleration on the windward side of hills and ridges is
fairly predictable, but the extent of shelter in the lee is highly variable,
depending on the roughness of the hill and the stability of the atmosphere.

Wind may also be extensively channeled by topography. Figure A-3
shows two typical wind flow patterns identified in the San Francisco Bay
region. High ground is noted in gray. Local areas of wind turning in excess
of 90 degrees to the gradient wind may be noted. This type of channeling

occurs primarily when the atmosphere is stable, and the flows depicted extend
roughly to the height of the surrounding terrain. Similar flow turning and
channeling has been observed in street canyons.
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Velocity Profiles of Wind Near a Ridge
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2.2.4.2 Vegetation. Tall vegetation may substantially reduce wind speed at
ground level. Trees are very effective at absorbing wind energy rather than
deflecting it as do solid obstructions such as terrain and buildings. Two
types may be categorized: the surrounding forest and the isolated windbreak.

Within a forest, the velocity is minimum near the center of mass of the
foliage in the crown (approximately 0.75 times the height); in the absence of
underbrush there is a velocity increase among the tree stems

The shape of the wind profile in the forest is contingent on the
type of the trees in the forest, their spacing and openings in the crown, and
he distance from the edge of the stand from which ground level wind can -
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Figure A-4
Wind Velocity Profiles Near Trees

penetrate. Figure A-4a compares wind velocity profiles in a ponderosa pine
stand to those in the open; Figure A-4b shows the influence of foliage from
seasonal wind measurements in a deciduous oak-beech forest.

The extent of the sheltered area produced by a windbreak varies
with the physical dimensions and porosity of the barrier. Porous barriers
cause less turbulence and can create a greater area of total shelter than
solid barriers. The more solid the barrier, the shorter the distance to the
point of minimum wind velocity and the greater the reduction in velocity at
that point. The velocity, however, increases more rapidly downwind of the
minimum point than behind a more porous barrier. Figure 10 in Section 4 of
this handbook shows a cross section of the airflow near a screen of 50 percent
porosity. Figure 10 also shows the effect of varying porosity in shelter at
ground level downwind.

A porosity of 40 to 50 percent has been found to provide maximum
extent of sheltered area. This reduction in leeward velocity occurs without
appreciable disturbance of the airflow. Windbreaks with higher porosities
(greater than 50 percent) do not form a turbulent wake and the airflow pattern
is dependent on the velocity of the flow. These windbreaks provide more
protection from 5H to 20H with velocities reduced to 30 percent of the free
stream velocity, but less protection up to 5H. Windbreaks with lower
porosities (less than 35 percent) exhibit a turbulent wake that provides more
protection up to 5H with velocities reduced to 10 percent of the free stream,
but provides less protection from 5H to 20H with velocities up to 60 percent
of the free stream. The large-scale eddies within the wake are sensed as
gusts and may be disruptive to outdoor uses in the wake area.
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Additional belts downwind of each other have been found to have
slightly decreasing effect, presumably due to the increased turbulence in the
lee of the first belts. Similarly, the sheltered zone leeward of a wide
shelterbelt or forest is less extensive than that behind a single permeable
windbreak.

2.2.4.3 Local Winds. In addition to the synoptic winds caused by large
scale weather patterns, there are predictable "local winds" induced by
features of the terrain. The differential heating of land and water cause sea
and land breezes in many coastal locations. The sea breeze tends to move
inshore around midday as the land warms and the pressure differences increase.

Figure A-5 shows the pressure distribution and flow causing the
daytime sea breeze and night land breeze. Frictional resistance of the
surface often causes the incoming air to dam up and form a small scale front
which progresses inland throughout the afternoon. In locations where there is
not a great temperature difference between land and water, the sea breeze
layer will be shallow and the velocities weak. Tall buildings along a
waterfront can completely block such a breeze. On the other hand, the strong
San Francisco sea breeze is over 660 ft (200 m) deep, predictably exceeds 22
mph (10 m/sec) in the city throughout summer afternoons, and extends 37 miles
(60 km) inland. At night the flow is reversed, but velocities seldom exceed
4.4 mph (2 m/sec).

—_—

AFTERNOON

Figure A-5
Day Sea Breeze and Night Land Breeze

Slope winds (Figure A-6) are caused by the radiant heating and
cooling of inclined surfaces, which cause temperature differences between the
air over the inclined surface and air at the same level some distance from the
slope. This causes heated air to rise along hillsides in daytime and cool air
to descend ("drain") down slopes at night. Measurements on slopes surrounding
the Inn Valley, Austria, found upward velocities parallel to the slope between
4.4 and 8.8 mph (2 and 4 m/sec) in the daytime, and somewhat lower downward
velocities at night. The vertical extent of the wind layer was 330 to 660 ft
(100 to 200 m).
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Figure A-6
Slope Winds

When slopes are arranged in a valley system, a combination of slope
winds and temperature differences from valley to plain cause valley winds.
These are generally stronger than slope winds, with velocities up to 11 mph (5
m/sec). Generally, the strongest winds are found in U-shaped valleys that have
high ridges lining them and which open onto a broad plain with a considerable
temperature difference between the plain and the head of the valley. Valleys
oriented north or south have the strongest daytime breezes due to increased
exposure to the sun.
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Section 3: PREDICTING AIRFLOW AROUND NEARBY BUILDINGS AND OBSTRUCTIONS

3.1 Introduction. The flow of air around buildings is complex and
highly dependent on wind direction and building geometry. Architectural
features such as eaves, canopies, parapets, wingwalls, and neighboring
buildings and landscaping may change the flow pattern around a building
significantly.

3.2 Airflow Around a Single Simple Building. When moving air

encounters an obstruction such as a
building, a portion of the air
movement is stopped or slowed (see

Figure A-7). The deceleration

converts the kinetic energy of the -

flow to potential energy in the form o

of positive pressure. If the o, e—
obstruction is very streamlined & T_JI I
(such as the wing of an airplane) —_—— 4._\ - . I
the region over which this positive /;\I l

pressure exists is very small. On

the other hand, if the obstruction

is large and unstreamlined, such as

the face of a building the region of

positive pressure is roughly as Figure A-7

large as the face of the building. Positive Pressure on Windward Face
As the air is squeezed around, above, or (1f possible) below the

building, the velocity accelerates and the potential energy of the positive

pressure build-up is converted back into kinetic energy. When the velocity

exceeds that of the approach flow, the potential energy will be lower than

that of the ambient flow resulting in negative pressures or suctions

3.2.1 Airflow Toward and Beyond the Wake. As the wind approaches a sharp

corner of the building, it tries to follow the geometry around the corner, but
cannot due to the momentum of the flow. The wind separates from the building

defining an upstream limit of the wake (see Figure A-8). Within the wake, the
pressure is negative and there is relatively little air movement. At the
boundary between the wake and the free stream there is substantial turbulence.
Momentum transfer across the wake boundary tends to blur the position of the
boundary. The free-stream airflow curves in toward the wake from all sides

until it rejoins the ground or the opposite streamline downstream of the
obstacle. The point at which the free-stream airflows rejoin defines the end
of the wake cavity (see Figure A-8).

3.2.3 Airfilow Pressure Zones and Wakes. In order for the free-stream
airflows to be drawn back together to rejoin downstream of the obstacle, the
pressures must be negative within the entire wake, The greater the suction,
the faster the free-stream airflows are drawn together. Diagrammatically, the

highest suctions occur where the radius of curvature of the wake boundary is
smallest. At the end of the wake, where the wake suction approaches zero
(where the wake pressure approaches the ambient pressure) the radius of
curvature of the wake cavity approaches infinity. Since flows within the wake

are small, structures placed and fully engulfed in the wake will not
significantly alter the shape of the wake (see Figure A-9). s
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3.2.4 Wake Geometry. The geometry of the wake is important because it
defines the limits of significant air movement. Outside the wake, the air
movement is similar to the free-stream, but the area within the wake may be
considered as a cavity of relatively still air, where the pressure differences
needed for building ventilation are unlikely to occur.

3.3 Airflow Around Multiple Buildings. Airflow arcund groups of
buildinzs or other obstructions is very complex. The following are a few of

the general airflow patterns that are commonly found to produce strong winds.
These patterns may be used to benefit the ventilation of buildings in their
path, but the designer should be aware that they might also adversely affect
the comfort of pedestrians outside the buildings, or in semi-enclosed lobbies,
corridors, or balconies.

3.3.1 Downwash at the Foot
winds around buildings are found X de ges of tal
buildings protruding above the surrounding general level of development. This
effect occurs because winds aloft are stronger than at ground level, causing
higher pressures at the top of the building’s windward face than at its base.
This pressure difference creates a strong downward flow on the windward face
(see Figure A-10).
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Figure A-10
Downwash at the Foot of a Tall Building
3.3.2 Corner Effect. Strong winds occur at building corners as the air
flows from the high pressure zone on a building’s windward side to the low
pressure zone on the leeward side (see Figure A-11). Accelerated wind is

generally restricted to an area with radius no longer than the building's
width. The taller and wider the building, the more intense the effect. If
two towers of 30 stories or more are placed less than two building widths

apart, an acceleration will fill the entire space between them.
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Figure A-11
Winds at Building Corners
3.3.3 Gap Effect. When a building of five stories or more is elevated on

columns or has an open passageway through it, air forced through the
opening(s) creates a channel of intensified wind in the opening and on its
downwind side (see Figure A-12).

Pr on Effect. Pressure 0onneccion effects develop as
h

@ w
(14 {.Q
}\

e i
he wind appro pa 1 rows of offset buildings, creating suctions
between them that draw in downdrafts from exposed windward faces and create
transverse flows along the ground into the wake regions (see Figure A-13).
The intensity of the effect varies with building height with taller buildings
producing more intense ettects The effects intensify further if the

crossflow channel is narrow and regular.
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Figure A-12 Figure A-13
Winds Through Gaps at Ground Level Pressure Connection Effect
3.3.5 Channel Effect. A street or other open space lined with tightly
grouped sets of buildings can tend to channel the wind if the space is long
and narrow (less than three heights) in relation to the heights of the

building which bound it (see Figure A- 14).

74



Downloaded from http://www.everyspec.com

MIL-HDBK-1011/2
APPENDIX A (continued)

Figure A-14
Channel Effect

3.3.6 Venturi Effect. The venturi effect (see Figure A-15) occurs when
two large buildings are placed at an angle to each other creating a funnel
with a narrow opening that is no more than two or three times the building
height. Winds channeling through the opening are accelerated to high speeds.
This effect occurs only when the buildings are at least five stories high,
have a combined length of 300 ft (100 m), and when the areas in front of and
behind the venturi are relatively open.

h>15
meters

K?/'i/‘ﬂ L,
=N

L1+L2> 100 meters ’,/J\\\

X

Figure A-15
Venturi Effect
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3.3.7 Pyramid Effect. Pyramidal structures offer littie resistance to
the wind, and generally seem to disperse the wind energy in all directions.

One application of the pyramid principle is the use of tiered configurations
in the design of tall buildings as a way of reducing downflow, wake and corner

effects (see Figure A-16).
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CLIMATE ANALYSIS

This appendix presents a method for determining the most suitable
natural cooling strategy for a particular site. The method also determines
the need for an open or an infiltration-resistant envelope, and vhether a
backup mechanical system is required.

STEP 1: DETERMINING POTENTIAL FOR NATURAL COOLING

1.1 uilding Bioclimatic Chart Transferred Onto Four Overlays. The
overlays (Figures B-1, B-2, B-3, and B-4) plot the range of temperatures and
humidities for which the natural cooling strategies should be used in building
design. They must be copied onto clear acetate by the user and carefglly
checked for exact size reproduction prior to use as described below

Several strategies allow design of building envelopes for climate
control. The appropriateness of a building's climate control strategy under

r
the Building Bioclimatic Chart (Figure B-6). The Building Bioclimatic Chart
indicates that whenever ambient outdoor temperature and humidity conditions
fall within the designated limits of a control strategy, then the interior of
a building designed to effectively execute that strategy will remain

comfortable. The boundaries indicated on Figure B-6 are appropriate for
residences and other buildings with small internal gains. For buildings with
large internal gains, such as offices and some factories, the boundaries need
to be shifted to the left. Different strategies may be used alone or in
conjunction with air conditioning and conventional heating. They are:

a) solar heating,

b) solar gain controls,

(¢
A

-t

'~

D

3
ct
e
b

wn at 100 and 200 fpm (0.5 an .0 m/sec),

N
L
[
(=

3

~

d) thermal mass (low levels of ventilation),

e) thermal mass with nocturnal ventilation (low ventilation in the
daytime and high ventilation at night),

f) evaporative cooling.
1.1.1 The Natural Ventilation Boundary. The natural ventilation boundary
(Figure B-1) is based on the assumption that indoor air temperature and water

vapor pressure are identical indoors and out, and that the mean radiant
temperature of the building interior is approximately the same as that of the
air. Both assumptions are sufficiently valid if the interior is well
ventilated, the building envelope is well insulated and well shaded, and the
exterjor is light colored to restrict solar heat gain.
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1.1.2 Thermal Mass and Thermal Mass with Nocturnal Ventilation
Boundaries. The thermal mass boundaries (Figure B-2) are based on an upper
comfort limit to vapor pressure and on the average outdoor daily temperature

swing.

1.1.3 Evaporative Cooling Boundary. The evaporative coocling boundary
(see Figure B-3) refers only to direct evaporative cooling. The boundary is
based on the maximum wet bulb temperature acceptable for comfort and the
cooling capacity of air.
1.1.4 limate Data he National Climatic Data Center (NCDC Obtain
climate data (RUSSWO or SMOS Part E) from National Oceanography Comma d
Detachment (NOCD), Federal Building, Asheville, North Carolina 28801-2696,
telephone (704) 252-7865 or the NCDC at (704) 259-0682 for the weather station
most similar to the building site. This is usually the closest station, but
in pronounced terrain there may be large changes over a small distance. See
ppendix A, Section 2, for a descriptio of climate data extrapolation.

RUSSWO or SMOS, Part E should include:
a) Psychrometric summary--annual and monthly, and
) 3N

\ Monna and o
’ flicaiio allu o

If both RUSSWO and SMOS summaries exist, choose the one with the longest
period of record. Request full size (not reduced) copies.
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APPENDIX B (continued)

E COQLING STRATEGY

LUV AGNYT Q2aLasV 2

Inspect the frequency of hours within the natural cooling strategy

boundaries on the overlay to determine the percentage of time that the natural
cooling strategy will apply. This step may be used to determine the most
appropriate cooling strategy(s) for the climate or to determine if a zoned
building is appropriate (see Figure B-7).
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Figure B-7
Determining the Cooling Strategy - -
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MIL-HDBK-1011/2
APPENDIX B (continued)

2.1 Annual Summary--Cooling. Using the annual psychrometric summary
and the overlays, (Figures B-1 to B-3) sum the percentage of time within the
boundary for each strategy and the comfort zome. A 197 fpm (1.0 m/sec)
ventilation rate compris nes 1 to 3. When summing the perceﬂtages, ount

Y

es zo
four 0.0 percentages as eq C
This is necessary because percentages less than 0.05 are rounded to 0.0 in the
climate data summaries. The average of such rounded values is assumed to be
0.025.

In general, hot-humid climates require provisions for ventilation
for bodily comfort, and hot-arid climates require either high thermal mass or
evaporative cooling for bodily cooling, with nocturnal ventilation for
structural cooling. Refer to Section 2 for further description of bodily and
structural cooling.

2.2 Mont Summarjies--Coolin Follow the same procedure using the

monthly psychrometric summaries to observe what periods of the year that the

natural cooling strategy will apply. If more than one cooling strategy is

indicated, then a zoned or seasonally adjustable envelope may be desirable.

Refer to para. 3.2 of the main text for further discussion of zoned and

seasonally adjustable building envelop

STEP 3: DETERMINING NEED FOR MECHANICAL AIR CONDITIONING

3.1 Annual Summary--Air Conditioming. Using the air conditioning

overlay (Figure B-4) and the annual psychrometric chart, sum the percentage
d

On the overlay, this is the area above the boundary for the strategy (zone 7).
If the total hours above the boundary exceeds 5 percent annually, an air
conditioning system will be needed and the building envelope must be capable

of restricting air infiitration to less than 0.5 air changes per hour. This
eliminates porous Wall constructions such as louvered walls and jalousie
windows which cannot be shut tightly.

3.2 Monthly Summaries--Air Conditioning. For seasonal requirements,

repeat the same procedure using the monthly charts to determine which months
will require mechanical air conditioning for more than 10 percent of the time.
If mechanical air conditioning is required for less than 10 percent of the
time during the month, then the natural cooling strategy is viable for that

o)
o Hy

STEP 4: ETERMINING NEED FOR AN INFILTRATION-RESISTANT ENVELOPE

Skip this step if an air conditioning system is to be used. If an air
conditioning system is used, infiltration must be limited to 0.5 air changes
per hour.

89
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4.1 ua a fil

Using the annual p

chart, determine the percentage time below 67°F (19°C). See
more than 10 percent of the annual hours are less than 67°F
insulated building capable of holding infiltration to under
hour is required. This eliminates porous wall constructicns
walls which cannot be tightly ghut, Operable louver windows
may be acceptable, but fixed open louvers should be avoided.

The upper limit of the climatic data bin directly
zone is 67°F (19°C). The 10 percent exceedence criterion ma
the coldest periods of the day occur when the occupants are

blankets. The insulation of blankets extends the comfort zo
temperatures, so the amount of time that discomfort is exper
considerably less than 10 percent,

4.2 ont ummaries--Inf a . If an infiltrat

envelope 1is requifed, then this procedure may be examined us
psychrometric summaries to determine possible seasonal varia

sychrometric
Figure B-8. If
(19°C), then an
one air change per
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Figure B-8

Determining Requirement for Open or Infiltration-Resistant Envelope
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STEP 5: DETERMINING NEED FOR HEATING EQUIPMENT

5.1 Annual Summary--Heating. Using the annual psychrometric chart,
determine the percentage of time below 61°F (16°C). See Figure B-9. If more

rce
of the annual hours are less than 61°F, auxiliary heating will
a

be required ddition, the build

P
than 10 percent
In

______ addition, the building envelcpe must be capable of holding
1nfiltrati0n to less than 0.5 air changes per hour, which eliminates jalousie
windows and other openings which cannot be tightly shut.

The 60°F value corresponds to the upper limit of the bin below a
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5.2 Monthly Summarjes--Heating. Repeat the same procedure to determine

seasonal requirements for heating using the monthly psychrometric charts. 1If
heating is required for more than 25 percent of the time during the month,
then the natural cooling strategy will not be applicable and the auxiliary
heating system will be used during that month.

PSYCHROMETRIC SUMMARY
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MIL-HDBK-1011/2
APPENDIX B (continued)

Any cooling strategy involving large openings in the building
envelope will not be appropriate during months when appreciable heating is
required unless the openings can be closed to thermal and infiltrative losses.
For one possible method, refer to para. 3.2 in the main text.

5.3 Using Thermal Mass for Heating. The natural cooling strategy using

thermal mass might also act to reduce auxiliary heating requirements if the
heat losses occur during the daily minimum temperatures, and are relieved the
same day by a substantial temperature rise.

STEP 6: DETERMINING THE MONTHLY FEASIBILITY OF A COOLING STRATEGY

6.1 Feasibility of Natural Cooling. The cooling strategy shall be
evaluated as follows:

a) 1If the chosen natural cooling strategy is applicable for four
months or more (i.e., heating and air conditioning are required for less than
8 months), then the strategy is effective and must be used in the building
design.

b) If the most suitable strategy is natural ventilation, then go
to STEP 7 (section 8) to determine whether ceiling fans are required.

c¢) If the number of months when air conditioning and heating are
required is greater than 8, then the natural cooling strategy may be used
seasonally or zonally to reduce loads on the required mechanical systems. In
this case, para. 3.2 and Section 4 of this handbook may be used in conjunction
with MIL-HDBK-1190 and DM 3.03 for design recommendations and specifications.
A life-cycle cost analysis can be used to determine whether the natural
cooling strategy will be cost effective and should be used.

STEP 7: DETERMINING NEED FOR CEILING OR WHOLE-HOUSE FANS

7.1 Procedure. It may be necessary to include back-up ventilation
using a ceiling or whole-house fan to ensure comfort when wind-driven
ventilation is inadequate. Ceiling fans can increase the interior ventilation
caused by wind through the windows. If the window sizing (refer to Appendix
C, Section 1) provides a ventilation rate of 98 fpm (0.5 m/sec) during periods
when 197 fpm (1 m/sec) is required, ceiling fans can be used to provide the
additional ventilation required for comfort.

Fans are required in all major occupied spaces of naturally
ventilated buildings when comfort cannot be achieved by natural ventilation
alone. The requirement is determined by the following procedure:

a) If an SMOS summary is available, use Part E "Percentage
Frequency of Air Temperature versus Wind Directions” for the two hottest
months of the year as determined in STEP 3. If the total percent time that is
calm and above 81°F (°C)%*** is greater than 10 percent for either month, then
fans must be installed.

- -
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MIL-HDBK-1011/2
APPENDIX B (continued)

b) If only a RUSSWO summary is available, use the two hottest
months of the year as determined in STEP 3. From Part C, "Surface Winds",
determine the total percent calm for these months, as follows.

(1) Add the percentage of time within the natural ventilation
boundary (STEP 2) and the percent above the boundary (STEP 3) for each of the

(2) Multiply the percent time calm by the total time above the
comfort zone boundary for the month and divide by 100.

Proceed with schematic site and building design, using the
appropriate concepts and design strategies as discussed in Sections 2, 3,
and 4.

e . n hWal 2 ~ L9 1. __a ;o al 1 a2 2 2 s - A A n K1

rigure pD-1vV 1S a8 riowcnart o1 tne ciimatlicC deslgn process. rigure
B-11 presents a blank worksheet and example worksheets for four climates in
Hawaii
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APPENDIX B (continued)

Climate Data Summaries Building Bioclimatic
Psychrometric Summaries Chart Overlays #1-3

4

Determination of Applicable Cooling Strategy(s) J

[72]
z g Tz s
2 4 z|E <
3 S %3 S
z & é z 2 é
s £ 5 b
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Air Conditioning Requirement
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AC REQUIRED NO AC
Seasonal Requirements
o
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Pe
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Determination of Heating Requirement
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Seasonal Requirement o|E
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v v
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Preliminary Climatic Analysis
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Figure B-11
Climatic Analysis Summarv Worksheet
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Figure B-11
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Section 1: AIR MOVEMENT BY NATURAL VENTILATION

1.1 Window Sizing Procedure
1.1.1 Required Total Window Areas. This procedure is used to determine
required total window inlet and outlet areas based on a specified interior air

velocity. It is valid for rooms with only one interior partition, or open
rooms in one to six story buildings without large interior gains. This
procedure is based on work done at the Florida Solar Energy Center and

documented in Chandra, et al. (1983), Qutdoor Testing of Small Scale Naturally
Ventilated Models. Figure C-1 illustrates window sizing measurements.
~ ' = ] r =
ZHS g % i\\ i I
J W - ]
WIND {;.__w_,i g \\i %._w_, I
L 4 L — L -
Figure C-1
Examples of Proper Width for Window Sizing Procedure
(1) Required air velocity rate, V V = fpm
from Climate Analysis.
(2) Cross-sectional area of the room, CS
Height of room, H. H = ft
Width of room across flow, W W= ft
CS =HxVW CS = £¢2
(3) Required airflow rate, CFM. CFM - cfm
CFM = V x CS
(4) Building location: (city)
Weather Station location
Using Climate Analysis, examine
worst two naturally ventilated months separately.
Design months: _
(5 Prevailing wind direction for month, WD. WD = -

105
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E 3PN P VY- pipy 1 - Al eamnntel s m P X PN - o ° a
Pick predominant w direction associated with the 82°F to 86°F band for the
month. (This range roughly corresponds to conditions when ventilation is
effective.)

(b) OPTION 2: 1If no SMOS exists for the location, use RUSSWO Part
C--"Surface Winds." Pick predominant wind direction for month.

710 Q - -
. wWo = LS = nLs

~
[<aY
N’

) Incidence angle on windward face, alpha = deg =
alpha, from site plan and prevailing
wind direction (see Figure C-2).

-~
<
N
rry
A

(a) Windward pressure coefficient, WPC WPC = -
(b) Leeward pressure coefficient, LPC LPC = -

(9) Pressure coefficient differential, PCD. PCD = -
PCD = WPC - LPC

surr
neighborhood and the proposed
building type, determine from

Table C-3 the pressure coefficient

correction factor, PCCF.

[13
4]
5]
[=
2]
]
Jas)
(=
1
1

(12) Obtain terrain correction TCF = -
factor, TCF, from Table C-4.

(13) Compute revised meteorological wind W= fpm = fpm
speed in feet per minute, W.

- " - 1N
W=WS x TCF x 101.2

(14) Calculate required open effective A= ft* = ft?

window area, A.
A = (1.56 CFM) / [W x (PD)?)

(15) Select an open inlet area, A;> A. A= frz = ft?
Note: If equal inlet and outlet
areas are desired, A;= 1.41A.

—



Downloaded from http://www.everyspec.com

‘(/\ N
wPC WIND
a
Notes: Recommended Pressure Coefficient, PC, values for other apertures

A e
aLc,

1. Inlet with wingwall assist, PC = +0. 40
2. Outlet with wingwall assist, PC = -0.25

3. Roof outlets (e.g., Venturi type), PC = -0.30

Figure C-2
Pressure Coefficient Planes and Wind Incidence Angles
for One- to Two-Story Buildings

Table C-1
Typical Average Surface Pressure Coefficients on the Walls
of a Regidential Scala (Dna-ta Twa-Ctarv) Buildir

o
_____________________ A\ VT TLY AaWUTOLUL y iy

Wind Angle a Surface Pressure Coefficients (PC)
{(Figure C-2) a b c d
0 +0.40 -0.40 -0.25 -0.40
22.5 +0.40 -0.06 -0.40 -0.60
45 +0.25 +0.25 -0.45 -0.45
67.5 -0.06 +0.30 -0.55 -0.40
90 -0.40 +0.40 -0.40 -0.25
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Table C-2
Typical Average Surface Pressure Coefficients
for Two- to Six-Story Buildings

For Buildings with Square Floorplans
Wind Angle a Wall Surface Pressure Coefficients (PC)
(Figure C-3) a b c d
0 +0.80 -0.70 -0.30 -0.70
15 +0.80 -0.90 -0.50 -0.60
45 +0.50 +0.50C -0.30 -0.50
90 -0.70 +0.80 -0.70 -0.30

For Buildings with Rectangular floorplans:

Wind Angle a Wall Surface Pressure Coefficients (PC)
(Figure C-3) a b c d
0 +0.70 -0.70 -0.40 -0.70
45 +0 .60 +0.40 -0.50 -0.40
90 -0.50 +0.80 -0.50 -0.20

(<9

b W\a = WIND INCIDENCE ANGLE
<17 B '
V.~ O ‘

> 29

Figure C-3
Pressure Coefficient Planes and Wind Incidence Angles
for Two- to Six-Story Buildings

[
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Table C-3
Pressure Coefficient Correction Factor, PCCF

1) Wall height of typical upwind buildings, h = tt
2) Gap between proposed building and adjacent upwind = f
building, g
3) Ratio, g/h =
. PCCF for Building Types
Ratio
g/h i 2 3 4 5
0 0.00 0.00 0.00 0.00 0.00
1 0.17 0.24 0.23 0.31 0.17
2 0.40 0.57 0.54 0.72 0.39
3 0.59 0.83 0.79 1.06 0.61
4 0.73 1.03 0.98 1.32 0.74
5 0.87 1.23 1.17 1.57 0.87
6 or more 1.00 1.41 1.34 1.80 1.00
. - N
R A L N~
. . ve N
TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE §

N

Common one-story building on ground, or lower floor of 2-story building
Nem _cbmeewe eV 32 -2l o 3.3 3 -2 _.__ 177

VIIE“SLULYy Dullullilyg wWilll exiLenuyea edves dna 1IIgWdllS

Building elevated on stilts or second floor of common building.

Type 2 building elevated on stilts or second floor with extended eaves
and wingwalls.

For the first floor of a common 2- to 6-story building. Pressure

coefficients for buildings taller than 6 stories must be obtained from
an appropriate wind tunnel test.

e . ~ 1.
rigure u-4
Ri11i11dineg Tyna Dagerintion - -
LOULiGLIlE 1ypPe weSCripiidn
109
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Table C-4
Terrain Correction Factor, TCF
Terrain Type Ventilation
24 -hour Night-only
1. Oceanfront or <3 miles from water 1.30 0.98
2. Flatlands with isolated, well-separated
buildings (such as farmland) 1.00 0.75
3. Rural or suburban 0.85 0.64
4. Urban or industrial 0.67 0.50
5. Center of large city 0.47 0.35
Table C-5
Resistance Factors, RF
Resistance Factor: RF = IPF x WPF x PF
1. Insect Screening, IPF
Screen Type Typical IPF
a, No screen 1.00
b. Bronze, 14 wires per inch 0.80
c. Fiberglass, 18 wires per inch 0.60
2. Window Porosity, WPF
Window Type Typical WPF
a. Single or double hung 0.40
b. Awning, hopper, jalousie, or
projections Wthh swivel open on
horizontal pivot 0.60-0.90
c. Casement 0.50-0.90
Choose the Interior Partition Factor, PF, for the situation most
similar to building design. Connections between rooms are as open as
possible (i.e., floor to ceiling openings similar to transoms above open
doors) Factors are avera ges for the room; some room areas will have much

r r q r r r 7

AN | | | |
WIND ll. 1 lt. i - -_—-l !. w ‘L —_—
.87 .69 .74 .82 .81 .95

Figure C-5

Interior Partition Resistance Factors
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(16) Calculate open outlet area, A, . Ao = ft? =  f¢?
Bo= A x A/ [(&7 - A)17)

{(17) Increase open areas calculated RF = -
above for resistance due to insect screens,
nartiallv onen windawe nartitriane atoe
uuuuuu J vr\.—ll WJ.AA\-DUW-‘I, yugp;»;vnla, L ) ¥ Sary
Find Resistance Factor (RF) from Table C-5.
(18) Calculate TOTAL (not open) inlet and outlet window areas,
TA; and TA,
TA; = A;/RF
TA] = ft* = Total Required Inlet Area for worst month
TA; = ft* = Total Required Inlet Area for 2nd worst month
TA, = A; / RFT
Ay = ft* = Total Required Outlet Area for worst month
TA, = fe2 = Total Required Outlet Area for 2nd worst month
SUMMARY:
Required velocity, V = Weather Station =
Worst month = 2nd worst month =
Windspeed, WS = Windspeed, WS =
Wind direction, WD = Wind direction, WD =

Open inlet required, TA; = Open inlet required, TA; =
Open outlet required, TA, = Open outlet required, TA, =

1.1.2 Check f geguired Airspeed. This procedure is used to check
é sed de

adequacy of the pr opo esign. When the proposed schematic design is
detailed enough to include site plan, building location, room dimensions,
window details, and shading system, the following procedure can be used to
determine whether the proposed design will provide the required interior air
speed.
(1) Required air velocity rate, V V = fpm
from Climate Analysis,
(2) Cross-sectional area of the room, CS H = ft
Height of room, H
Width of room across flow, W W= fr
CS = HW CS =  ft?
(3) Required airflow rate, CFM CFM = cfm
CFM = VCS
(4) Building location = (city)

Weather Station location =
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HDBK-1011/2
X C (continued)

Fram Climata Ann]veia

A& &

worst two naturally ventilated months
separately.

Prevailing wind direction for month, WD.

{(a) OPTION 1:
ick pre

o'rg QO

WNS

and for the month

OPTION 2:

If no SMOS exists for the location, use RUSSWO Part

C--"Surface Winds." Pick predominant wind direction for month.

month wSs. W
U0 Part C--" d

\mm

JSSH Surface |
p eed corresponding t
ep 5 for the month.

Incidence angle on windward face, alpha.
(See site plan and Figure C-2Z or C-3).

r C-2 determine:

(a) Windward pressure coefficient, WPC

(b) Leeward pressure coefficient, LPC

Pressure coefficient differential, PCD.

nrn L
PCD = WPC - LPC

For the surrounding neighborhood

and the proposed building type, determine
from Table C-3 the pressure coefficient
correction factor, PCCF for the appropriate
bullding type (blgure C-4).

Bldg. =
h/g =

cype no. h & =

Calculate the revised pressure
coefficient differential, PD.
PD = PCD * PCCF

terra

ai r
™~
i

-1 Q

n
£an o
1100

bt
CF
Compute revised meteorological wind
speed in feet per minute, W.

W = WS * TCF * 101.2

Calculate required open effective
window area, A
A L <+ ~rTMY / (L

1
A= (1.56 * CRM) / (W * (pD)!2)

[
[
N>

wi
o di rection

alpha =

knts=

deg

PCCF

PD

3
(@]
+13

knts

deg



Downloaded from http://www.everyspec.com

MIL-HDBK-1011/2
APPENDIX C (continued)

(15) Calculate the inlet window area W= fté= ft?
for the proposed design, W;.

(16) Correct using resistance factor, RFy RF= =
for partially open, windows, window type,
screens, etc., from Table C-5 and Figure C-6

(17) Calculate the effective open inlet area, A; . A = ft2= ft2
Aj = W; * RF;

710N ~ - . P - ~. 2

(18) .alculate requlred open outlet area, A, Ay, = It = fe?
A° = A x A/ [(AF- )Y

(19) Calculate the outlet window area W, = £t? = ££2
for the proposed design,W; .

(20) Find the resistance factor, RF, , RF, = -
for the outlet openings from Table C-5.

. —~ - - < = . - . 2 s ]

(21) Calculate the effective outlet opening, A, . A= ft* = ft-
Ae = Wy, * RF, .

(22) Compare the required outlet opening with the
effective outlet opening:
Worst Month: 2nd worst month:
Ao = - A, =
Ae = Ao =

If A, < A. then the required air speed will be obtained and comfort can be
expected. If A, > A. then the required air speed will not be obtained.

a) Increase the size of the openings.

b) 1Increase the effectiveness of the openings by changing window
type, removing screens, or removing interior partitions.

c¢) Increase the pressure coefficients by spacing buildings farther
apart, rotating the building, relocating windows, elevating the building, or
adding wingwalls

1.2 ASHRAE Wind and Thermal Buoyancy (Stack Effect) Formulae. The two
driving forces producing natural ventilation in a building are wind pressure
and thermal buoyancy (the stack effect). The following is a summary of

1

|

formulae for calculating interior airflow.

1.2.1 Flow Due to Wind--Single Opening. Factors affecting ventilation
wind forces include average velocity, prevailing direction, seasonal and daily

variation in velocity and direction, and local obstructions such as nearby
buildings, hills, trees, and shrubbery. For a space with only a single
opening, use Equation 8. -
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EQUATION: Q = 0.02 CAV,¢ (8)
where: Q - the volumetric flow rate, cfm (nP/sec)
C - unit conversion factor, 88.0 for Q in cfm and 1.0 for Q in
uP/sec
A - the area of opening, ftz(nF)
Viet = the mean velocity at a reference point in the free wind

at a height equal to that of the building, mph (m/sec).

1.2.1.1 Estimating Quantity of Inlet Air. The quantity of air forced
through ventilation inlet openings, assuming inlet and outlet areas are equal,
can be estimated by Equation 9.

EQUATION: Q = CKAV (9)
where: Q - airflow, cfm (nP/sec)
C - unit conversion factor, 88.0 for Q in cfm and 1.0 for Q in
nP/sec
K = effectiveness of openings, 0.50 to 0.60 for perpendicular
winds and 0.25 to 0.35 for diagonal winds
A - free area of inlet openings, fe2 (m?)
\Y - mean external wind velocity, mph (m/sec)

Equation 9 does not take into account the air damming action of the wall. For
a more precise estimation of airflow due to wind which does not require wind
tunnel testing for each building, but uses discharge and pressure coefficient
data from previous wind tunnel tests, use Equation 10.

EQUATION: Q = Cq* [(Cp1 - Cpa) * Ve (10)

where: Q = volumetric flow rate
Cqg = discharge coefficient, commonly 0.65, appropriate for
small openings near the center of walls.

When openings are near the edge of a wall in the downwind space, the discharge
coefficients increase to 0.7 and 0.8, with larger values for bigger openings
(10-20 percent of the wall area.) For openings similar in size to the
cross-section of the downstream space, discharge coefficients of 0.8 to 0.9
are possible.

A = area of opening

Cpr = windward pressure coefficient

Cp2 = leeward pressure coefficient

Vief = velocity at reference height (pressure coefficient
measurement)
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1.2.2 ow Due to d- -Ope s in es

1.2.2.1 Flow Volume. To calculate volume of flow for openings in series.
use Eguation 11.

EQUATION: Q = [(Cp1 - Cpz + 1) Vre ] (11)

12

[1/(Ca1® *A1? )+1/(Cq2® *A2? )+. . .+1/(Cyn® *Ap? ) ]

where: Cpr = pressure coefficient near most windward opening
Ca1 = discharge coefficient near most windward opening
Cpz = pressure coefficient near next most windward opening
Ciz = discharge coefficient near next most windward opening
Ay = area of most windward opening
Ay = area of next most windward opening
Veer = wind velocity at reference height at which pressure
coefficients were taken.
1.2.2.2 Flow Velocity. To determine the mean flow velocity near the
openings, use Equation 12.
EQUATION: Vo = Q / effective area of opening = Q / A,cos alpha (12)
where Vo = mean flow velocity near the opening, ft/min (m/sec)
Q - volumetric flow rate (from Equation 8), cfm (né/sec)
A, = area of opening, ft* (m?)

alpha = angle of incidence of the wind

1.2.2.3 ischarge Coefficient for Varying Wind Angles. The discharge
coefficient for varying wind angles is given by Equation 13.
EQUATION: Cq~ Cq4 (perpendicular winds) cos alpha (13)

1.2.3 Flow Due to Thermal Forces. If there is no significant internal

resistance due to a partitioned interior, and assuming indoor and outdoor
temperatures are close to BO°F (26.7°C) and inlet and outlet openings are
1

equal, the flow due to stack effect is given by Equation 14.
EQUATTON: Q- CKA [ g delta h (t; - to) / ] (14)
where: Q - airflow, cfm (up/sec)

c - unit conversion factor, 60.0 for Q in c¢fm and 1.0 for

Q in m’/sec
K - discharge coefficient for the openings, 0.65 for
multiple openings and 0.40 for single opening in a

room
A = free area of inlets, ft* (w?)
g =  gravitational constant, 32.2 ft/sec’ and 9.81 m/sec?
delta h =  height from bottom to top of opening for rooms with
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single openings, and average height difference
between bottom of the inlets and top of the outlets
for rooms with multiple openings ft (m)
t; - average indoor air temperature, degrees F (degrees C)
to - temperature of outdoor air, degrees F (degrees C)
For further discussion, see DM-3.03.
1.2.4 Combining Terms. As a rough rule of thumb, when flow due to the

stack effect and flow due to winds are equal, the actual combined flow is 30
percent greater than the flow caused by either force alone.

1.3 Wind Tunne esting. Wind tunnels are used to determine the

2 0% L a o UL DR T [ SRR _ £ L2132 __ _ . Loan ool e PR U T |
alrriow ractes U rougn interior spaces OI Dulldalngs 10r edcn x.eu:vaxu_ winda
direction. The airflow rates are expressed as ratios of interior velocity
over a "reference velocity" obtained from historical climatological records.

When combined with the climate’s probability distributions of wind speed, wind
direction, temperature, and humidity, the acceptability of natural ventilation
can be determined. This is discussed in the Climate Analysis Method, Appendix
B. In certain cases, the wind tunnel will be used to produce mean pressure
distributions, as functions of a reference wind speed and direction. For such
cases, the mean airflow rates through interior spaces of the building are

erimentallv
erimentally.
Presented in this section are the minimum requirements for wind

tunnel facilities, instrumentation, and wind tunnel testing procedures to
ensure the acceptability of the obtained airflow rates or pressures.

0 o
=
(]
[
1
D.
{0
; 0 B

the mean veloc ty
accurately in the wind tunnel. An appropriate set of target mean velocity
profiles are given by the logarithmic law (Equation 15):

EQUATION: U(z) = 2.5 u * iIn(z/z,) (15)
where: U{z)= mean velocity at elevation z above grade, mph (m/sec),
u - the shear velocity, mph (m/sec)
Zg = the roughness 1ength a measure of surface roughness,
ft (m).

Appropriate values of roughness lengths for various terrain categories are
given in Table C-6.

.3.1.1 Variations from Theoretical Mean. If experimental tained mean
velocities vary from the theoretical target mean velocity profile by less than
0.10, then the mean velocity profile is assumed to be modeled acceptably. A
presentation of the experimentally obtained mean velocity profile (or

e

profiles) must be included in the documentation of the wind tunnel testing.
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Table C-6

Terrain
Category Definition Roughness length (m)
I Open water 0.005
II Open terrain 0.07
111 Suburbs at considerable distance
from towns, sparse development
with hedges and trees 0.30
Iv Towns, densely built-up suburbs,
wooded terrain 1.00
v Centers of large cities 2.50
1.3.1.2 Profile Limitations. It is not necessary to model the entire mean
velocity profile through the atmospheric boundary layer up to the gradient
height (the height above which effects of the earth's surface roughness are no
longer felt), but only the portion two times the height of the building and
its nearby surroundings.

Since the turbulent structure of the atmospheric boundary layer
need not be modeled accurately, there is no requirement for a minimum wind
tunnel air speed (or minimum wind tunnel Reynolds number). There are,
however, minimum wind speed requirements for airflow rates through models.
Dafanse m — o~ 1 2 N 2 £ 4L 2. A__ ___ 32 __
neLer LU parda, 1.2.4.5 OL uLnis ppenaix.

1.3.2 Wind Tunnel Models. Discussed in this subsection are the minimum
requirements for models used in the wind tunnel tests

1.3.2.1 Model Detail. The model and full-scale building must be
geometrically similar. All significant detail and relief must also be
modeled. This requires a certain feel for the problem to determine what is
and what is not significant detail. A 1-in. (25.4 mm) deep relief at
full-scale may not have any effect on natural ventilation, but a 4-in. (101.5
mm) deep relief may, On the other hand, in certain pockets where flow is
minimal, a 1-ft (0.3 m) deep relief may not be significant. If a detail is

estimated to have a significant effect upon the pressure loss through a
building (such as an insect screen), it should be included in the model. 1If a
detail might affect the flow in or out of an opening, it should be included in
the model. If the person conducting the experiment has little feel for what

is and what is not needed, err on the side of excessive detailing. A model

nnnnn ~nro .2 ~1o A -31 .. PR
th ucnh detaii, put can

CAannot nave COo m

-
C

avrs =AaA 12ea1
nidave LOO litlLie.
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Since airflow rates through interior spaces of buildings are to be
studied, interior furnishings having significant blockage should be modeled.
Furnishings having significant blockage include easy chairs, sofas,
bookshelves, desks, beds, cabinets, dressers, bathroom fixtures and kitchen
fixtures Items such as lamps, tables, and dining room chairs most likely

1.3.2.2 Immediate Surroundings. It is important to model all nearby
buildings and structures, expected foliage, and variations in terrain that
exceed a few feet in height. With low-rise buildings it is typical to model

all such features within a radius of five times the height of the subject

building, and the rough massing of significant building and obstructions
beyond that for a minimum of 500 feet (150 m) for any up’ind direction tested
For buildings above 4 stories, the radius within which detailed modeling is
needed can be reduced. The aercdynamic effects of features beyond this
minimum are modeled by the mean velocity profile selected.

Trees are also modeled with overscaled pores and foliage elements,
usually made of screening or furnace air filter material.

1.3.2.3 Model Sjze and Wind Tunnel Speed. The minimum model size and
reference wind tunnel speed are governed by a set of minimum Reynclds number
requirements. The Reynolds number is a measure of the ratio of inertial to

viscous forces. Model dimensions and velocities are usually less than
full-scale values, however model viscosity typically equals full-scale
viscosity (if air is the testing fluid). Therefore, relatively speaking,
airflow through models is much more viscous than it is through the full-scale

building. In nearly all full-scale building flows, the flow patterns and

pressure losses are dominated by inertial rather than viscous effects. Air
flow rates in the model of such a building must therefore be sufficiently

great that the flow is dominated by inertial effects. This is guaranteed by
maintaining an appropriate minimum Reynolds numbers for each of the flow
situations in the model.

1.3.2.4 Reynolds Number for Flow Around Bluff Bodies. The Reynolds number
for flow around bluff bodies such as building exteriors, RB, shall be greater
- 2 mn

than 20,000
EQUATION: Ry =IglUg /v (16)
where: Lg 1is the typical building dimension (m),

Ug 1s the typical approach velocity (m/sec),
v is the kinematic viscosity of the air (1.7 X 1073 m? /sec)

1.3.2.5 Reynolds Number for Flow Through Window Openings. The Reynolds

number for fiow through window openings, Rw , shall be greater than 300.

EQUATION: Ry=Lw Uy / v 17
where: Lw 1is the minimum window dimension (m), and

Uw 1is the mean velocity through the window (m/sec).
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1.3.2.6 eynold ber for Flow throug ctways. The Reynolds number for
flow though a long rough duct such as a long hall or corridor, Rp , shall be
greater than 2,000.

AT o n v ry Y S——

ION: Rp= LpUp/ v (18)

where: Lp 1is the minimum cross-sectional dimension of the duct (m),and

LLUSS Ullal 1 n \

Up 1is the mean velocity through the duct (m/sec).

1.3.2.7 Reynolds Number for Flow in a Room. The Reynolds number for flow

in a room, Rr , shall be greater than 20,000.

EQUATION: Rg~ LrUR/ v (19)

where: Lr 1is the minimum interior room dimension (m), and
Ur 1is the maximum air speed in the room, usually equal to Uy

1.3.2.8 g ynolds Eumber ﬁor Flow Ihrough Screens and Louvers The Reynolds
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separation is 5 in (4 mm). mensions are still

small relative to building dimensions, so model/full scale flow patterns will

still be similar. Pressure loss coefficients through rooms, windows, halls,

doors are assumed to be equal for model and full-scale (if minimum Reynolds

number requirements are met). Use of full-scale insect screens and oversized
5 T § e

w2 L£..11 P -

louvers ensures that the respective model and full-scale pressure loss
coefficients are equal.
1.3.2.9 Reynolds Numbers--Reducing Margin of Error. Satisfying the above

minimum Reynolds number requirements will minimize errors but does not
guarantee results which are Reynolds number independent. It is good practice
to use models that are as large as possible, limited by the wind tunnel
dimensions, and to use wind velocities as great as possible, limited only by

al . o2 3 oY a o

tne wina cunneL capac1cy

1.3.2.10 Model Size Limit

ions. Model gize is limited by the boundar

v
............ fimited undcary
(]

tio

ize. As mentioned earlier, the boundary lay

need not be modeled to its gradient height, but need only be modeled to a
height that fully engulfs the modeled building in question and all the nearby

buildings The thickness of the boundary layer should be at least 200 percent
the highest building modeled. 1If the models are bulky, they may be further
d in size mum w nd tunnel blockage requirement. The
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The Reynolds number restrictions on model size often conflict with
the model height 1limit, the blockage requirement, and the requirement that a
significant area around the building be modeled, particularly if the building
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For guch cases when a definite conflict

ng. For such cases when finite
equ

more juired. The first is a small-scale solid
model (without openings) of ‘the building in question including all features of
the surrounding area that need to be modeled. The second and additional
models are large-scale models of the interior spaces to be naturally
ventilated. The latter models should be large enough so that all Reynolds
_______ PR, PR am~a mrmraanl £l Aavra ae

number constraints are SaClSLleu, and should expex;cuec approacin ridows amn
pressure differentials similar to those observed on the small scale model.

fL

1.3.3 Instrumentation. The instrumentation must be able to measure mean
air velocities with accuracy (+2 percent is common) over the range of
velocities expected for the wind tunnel being used. Omnidirectional,
temperature compensated thermistor-type air speed probes are sensitive,

reasonably durable, and relatively inexpensive. Their frequency respomnse is
damped, but is usually adequate for ventilation studies. Probe diameters of
1/4-inch (6 mm) or less are readily available, permitting easy airflow
measurements within interior spaces of the building of the model. (Holes can

be drilled in walls, floors, and ceilings to permit the insertion of the
probe, and can be taped closed when not in use.)

1.3.3.1 "Velocity Measurements. For certain studies, when wind directions
are known, Pitot-static tubes may be used to measure mean velocities. The

Pitot-static tube may be attached to a pressure transducer or a manometer.
Air speeds must be relatively high if a Pitot-static tube (or other pressure
variant) is used. For whichever velocity instrumentation is used, the
accuracy of the system over the range of velocities encountered in the study

should be documented.

1.3.3.2 Pressure Measurements. When mean pressure measurements are
required, they may be measured with pressure taps and any of the pressure

ay ure
transducers typically accepted for the measurement of pressures for the design
of glass and cladding in buildings. Such a transducer has a frequency
response in excess of the needs for natural ventilation studies. Since mean
pressures are desired, lower-cost manometers may be substituted. Extremely
low differential pressures may be measured accurately with an alcohol-filled
manometer read with a measuring microscope.

1.3.4 Wind Tunnel Test Procedures. The ratios of interior airflow to
exterior wind should be determined for each critical wind direction. A
critical wind direction is one that occurs a significant proportion of the
time (over 5 percent of the time during the period that ventilation is

required). Two procedures are suggested to obtain interior airflow ratios.

1 2 /2 1
1.3.4.1 Procedure 1--Direct Velocit

i
ﬁ

ll

t
al

interior airflow velocities are measured directly Thls method is appllcable
for those cases when the model is sufficiently large so that all pertinent
Reynolds number requirements are satisfied, and the model is sufficiently
small so that all significant nearby features can be modeled within the wind
tunnel test section. A wind tunnel mean free-stream reference wind velocity
is obtained for each critical wind direction (usually, weather stations record
wind speeds from el ctions).
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location or at any elevation is appropriate as long as it is well defined.
Mean interior airflow velocities are measured throughout the interior spaces
to be naturally ventilated. If the entire three dimensional flow field is to

be determined in the interior spaces, then a sufficient number of point
measurements must be recorded to define that flow field.
Often, however, air exchange rates are desired. To measure an air

exchange rate, only the airflow rates into, or out of, a confined space need
be measured. When the inlet, or outlet, consists of a single opening, the
airflow rate may be determined from a single measurement, and is equal to:

EQUATION: Q=UwAC (20)
wharo* Tes, {ie¢ rtha maan aiv ‘velccit11 at tha Aananineg cantar (m/can)
Wil AT . ~ 4O wLIC wmT il i“ v J S LU UpTilaliipg Lhialta s/ STy,
A is the area of the opening (m*), and
C is a coefficient, 0.8 to 0.9, determined experimentally or
theoretically for a set of similar openings to account for the
nonuniform mean velocity distribution over the opening
dimension.
TV e - 2 Al . — = = al _ 2 A __ 2 = g 3 1 <=l __ 2. ¢ _ _ Y P _ oo 2 __ e P oy
ror eilner case, une 1nterior wina speea velocCcltlies, Uu;, are glven in terms Ol
+tha AfimanciAanlaca sralandeter watdn.
CLIT UWUALHITILIIO AVLIILITDOD VCLUL'.LLJ Lacviv,
EQUATION: Ci = Vi /Upest (21)
where: Ups is the reference velocity.
1.3.4.2 ocedu e rect Velo easurement. The second procedure
applies when a 11 cale model is to be used in conjunction with a large
PR DRy P | L AL I SRR S | = P 5 PR P S IR S I I SRR
SCale mouelr OL Lne 1nierior spaces, ror €eacil CricicCal wiila alilrecuion 4
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solid model. In addition, a mean pressure differential from the inlet to
outlet location is measured for each interior space under consideration.

The large-scale models of the interior spaces are then used to
determine 1nterior airflow rates for a given pressure differential across the
1 jel 1 i within the wind tunnel,
o
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measured as before Interior air speed for the smal
then computed in the following manner.

Across each interior space on the small scale model the total
pressure differential is given by:

'QUATION: delta Pn = (1/2 P U.?) Cpn (22)
g Viia alsav . BT LS Ifs \&j& & vps J an \N&&y
where: Cpn is a total pressure coefficient.
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Similarly for the large-scale model:

EQUATION: delta Py = (1/2 p Uy®) Cpa (23)
The total pressure coefficient measured on the large- scale model is assumed
to equal that on the small-scale model, and that on the full-scale building.
The interior wind velocities on the large-scale model Uy have been measured,
as well as the pressure differentials, WP, and WP;. Dividing one equation by
the other leads to:

EQUATION: Ups = (delta Py, / delta Pp) 1/2 Uy (24)
Interior air velocity ratios (the final answers) are then obtained as
EQUATION: Cun = Uns / Upes (25)
where: Ups 1is the interior air velocity of the small-scale model for the

direction n, and
Cwn 1s the ratio of interior air velocity to a reference mean
free-stream velocity.

1.3.4.3 Procedure for High-Rise Buildings. The second procedure is
particularly appropriate for the determination of interior airflow rates in

e n
highrise buildings composed of typical floors, or typical living units. This
method may become cumbersome when many different interior space models are
required for a single building. An alternative method has been suggested by
Vickery (1981) to streamline the determination of airflow rates in highrise
buildings with many different interior spaces.

r ine
small-scale model, interior airflow rates are computed analytically. Each
interior space is in essence a closed conduit. Basic laws of closed-conduit
flow can be used to determine airflow rates through each space, given the
pressure differential across the conduit, and the pressure loss coefficients
through halls, through o penings, and around corners. A number of such computer
i

models have been developed. Refer to paras. 2.3 to 2.3.3 of th

ting with mean pressure distributions obtained from a
e

1.3.5 Use of Wind Tunnel Air Flow Rates. The airflow rates obtained from
wind tunnel tests alone do not determine whether or not a building can be
naturally ventilated. Interior airflow rates must be combined with other
information, particularly probability distributions of directional reference

velocities, temperature, humidity, and solar radiation, in order to determine

the appropr1ateness of naturally ventilating a space. See Appendices B and C,
para. 1.1 for the minimum climatic considerations
1.4 Field Modeling. Researchers at the Florida Solar Energy Center

(FSEC) have proposed testing small scale models outdoors in the natural wind
to observe airflow through naturally ventilated buildings. Their limited
testing (Chandra et al., 1983) shows excellent correlation between a one-story
building and a model tested in this manner on the actual building site.
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Although this method has not gone through rigorous testing to date, it may
provide an alternative to wind tunnel testing for small scale buildings.

1.4.1 Mode]l Requirements. The model, supported by a plywood base the
same size as the building’s footprint, is mounted on a threaded flange fitted
on a threaded pipe. It can then be freely rotated for various wind
incidences. A wind vane is attached above the model to indicate relative wind

direction. The model can be built out of plexiglass for ease in viewing
during testing, although solar heating must be avoided. Aluminum foil on the
roof is recommended for this. A scale of 1 : 24 is recommended. The model

must be mounted and tested so that the height of the windows in the model is
+tha ocnama aa +#ha hadosbhe AF +bhn exfcmdacen ~F olin ceencmcn heed 1A cnn s £..11 ~nnla~
LiIT Sauc as Ll ucLipliiLv VUL Ll wililluows oL e PLUPUqu Uu.L.I.u.l.ll& a LUull >SCdaile,
1.4.2 Applicable Buildings. There is no simulation of the ground plane

nor any match of the approach flow roughness length to the model height as in
wind tunnel testing. Instead, the model encounters a uniform vertical
velocity gradient with turbulent flow. The fluctuations of velocity and flow
direction give a useful if qualitative assessment of the ventilation in the

building. This type of testing is limited to residential scale buildings and
T mnat vanAammandaAd Fasvr hied 1 Alanmn a1V nwe sl non memn b rames Tern +=a1T ae LeedT 38~
A LIVL LOLVUMNCLIUTU LUL vuliul lsb Lalilcecl Lilail vllic bLUL]. 11l Lalicl UuL.LULllsb
this type of testing will overestimate the effects of surrounding objects
since the surroundinzs are not matched to model height.

1.4.3 Types of Tests. There are several possible approaches:

a) Smoke can be introduced into the model for flow visualization
(as is commonly done in wind tunnel testing).

b) A laser can be used with a glass rod to produce a planar light
source. The flow of smoke along a single plane may then be observed and
recorded with a low-light-level video camera. This must be done at night.

¢) An omnidirectional temperature-compensated thermistor-type
airspeed probe can be used to measure interior velocities. Cloudy-sky
conditions are recommended to minimize radiation errors.

For examples of these, refer to Chandra et al. (1983), pp. 45-53.
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Section 2: INTERIOR TEMPERATURES

2.1 Purpose
2.1.1 Internal Gain and Interior Temperature Rise. The ventilation

method and overlay in Appendix B assumes that internal gains from sun, lights,
appliances, and occupants are not high enough to increase the interior
temperature. This is usually an appropriate assumption for residential and
light commercial applications with effective sun control and roof insulation.

If internal gains are likely to be large (as in high-rise office
buildings), then it will be necessary to determine the rise in interior
temperature resulting from these high internal gains. The rise in temperature
will be a function of the rate of internal gains and the rate of heat removal.
The primary route of heat removal for this strategy will be by ventilation,
although conduction through parts of the building envelope may play a role.

2.2 Equations

2.2.1 Temperature Rise. The temperature rise can be estimated based on
the following relationship, which holds when averaged over time:

EQUATION: heat loss by ventilation = internal heat gain (26)
or:

EQUATION: (ACH) (Thermal Mass of Air) (Bldg. Vol) (delta T) = Qinternal (27)
where: ACH = air changes per hour

Thermal Mass of Air = 0.018 Btu/1b/°F
Bldg. Vol = Building Volume in fe3
delta T = temperature difference in °F

Qinternat = rocupants + lights + appliances + solar gain
Rearranging and restating:

EQUATION: delta T = Qqema / (ACH) (0.018) (Bldg Vol) (28)

2.2.2 Ventilation Boundary Adjustment. In the ventilation design
procedure in Section 2, the ventilation strategy boundaries are compared to
climate data on the psychrometric summary chart. These boundaries can now be
adjusted to account for the higher temperatures indoors. The boundary can be
moved to lower temperatures to represent the outdoor conditions under which
the hotter interior temperatures lie along the ventilation strategy
boundaries.

EQUATION: The new outdoor Thoundary = ©riginal Tpoundary - delta T (29)

Therefore if delta T is subtracted from the Tpoyndary at the 0.5 or
1.0 m/sec boundary on the original overlay, the additional percentage of time
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that comfort is exceeded can be rapidly determined on the annual psychrometric
summary by counting the percentage of time between the original boundary and
the new interior temperature line. If the total percentage of time exceeds
the acceptable percentage, either Qjpemai Should be reduced or Qe should be
increased.

Thus, to determine the required air changes per hour to keep the
interior temperature below the top of the comfort zone at the 0.5 m/sec
boundary, solve for ACH.

EQUATION: ACH = (Qiyerna) / (0.018) (Bldg Vol.) (delta T) (30)

where: Qinternal 1S an assumed (estimated or calculated) value,
Bldg Vol is known (from the preliminary design), and

delta T = Tow - Tiop of 0.5 misec boundary

2.3 Computer Models of Interior Temperatures. The use of a computer
allows a much more detailed analysis of the interior environment of buildings.
Currently available computer programs for thermal analysis include: DOE-2,
BLAST, CALPAS3 and TRACE. These can perform hour-by-hour analyses of the
detailed loads imposed on the building by weather, occupancy, lighting,
equipment, and the shape and thermal properties of the building envelope.

The mechanical engineer should evaluate the expected internal loads
and determine whether they cause the comfort zone to be substantially
exceeded. If so, he should consider computer simulation for more precise
evaluation. Computer modeling programs and information sources are listed
below.

2.3.1 Program Inputs and Outputs. Program inputs include a detailed
description of the physical parameters of the building, its expected
occupancy, and an appropriate weather tape. Outputs include expected
temperatures and humidities on an hourly basis and as summaries.

2.3.2 Program Limitations. To date, such programs do not predict the
airflow patterns or velocities within buildings. They are generally unable to
predict even the bulk ventilation rate through spaces caused by wind
pressures. They also do not model the detailed radiation characteristics of
the interior. These limitations severely affect the utility of such models
for design of naturally ventilated buildings.

2.3.3 Computer Programs for Thermal Analysis. Currently available
computer programs and information sources are listed below.

DOE 2: National Technical Information Service (NTIS)
U.S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22161
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U.S. Army Construction Engineering Research Lab (CERL)
P.0. Box 4005
Champaign, Illinois 61820

Berkeley Solar Group
3140 Martin Luther King Jr. Way
Berkeley, California 94703

Trane Air Conditioning Corporation

3600 Pammel Creek Road
La Crosse, Wisconsin 54601

127




Downloaded from http://www.everyspec.com

MIL-HDBK-1011/2

(-]

~—l



Downloaded from http://www.everyspec.com

MIL-HDBK-1011/2
APPENDIX C (continued)

Section 3: OCCUPANT COMFORT

3.1 The Bioclimatic Chart. The bioclimatic chart (see Figure 4), can
be used to determine whether comfort will be achieved at a given time when the
interior air velocity, air temperature, and humidity levels are known.

The procedure for determining comfort using the bioclimatic chart is the same
as that described in Appendix A, para. 1.4, except that expected interior
conditions rather than the exterior climatic conditions are plotted. The
effects of the building envelope and the internal gains due to people, lights,
equipment, and solar gain are factored into the expected interior temperature
and humidity levels based on the daily average, monthly average, specific hour
of the day, or other long-term climate data (see Appendix C, para. 2.2). If
the plotted point falls at or below the expected interior air velocity, then
comfort can be expected for that space under the specified conditionms.

3.2 The J,B, Pierce Human Thermoregulatory System Model. The J.B.

Pierce two-node mathematical model of the human thermoregulatory system is the
most appropriate computer model for predicting human comfort under natural
ventilation conditions. The model is a "rational"™ index, derived in a logical
manner from established principles of heat transfer physics. It describes
through empirical equations the effects of the body's thermoregulatory
controls. (Refer also to Appendix A, Section 1.)

The model has been tested against human subjects and found to be
effective at conditions near the comfort zone with subjects under low to
moderate activity. It may underestimate convective (air movement) heat loss
at higher wind velocities because it does not differentiate between clothed
and exposed skin areas of the body.

The model is of the body only, requiring manual input of climatic
conditions. To use it to predict percentages of time that a building will be
comfortable, the designer must modify it to read hourly weather data files or
the hourly output of a thermal loads program.
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Section 4: WHOLE-HOUSE FAN SIZING PROCEDURE

4.1 Assumptions. Whole-house fans should be sized by assuming that 30
to 60 air changes per hour (about 0.5 to 1.0 per minute) are to be provided to
the building depending on the severity of the climate.

4.2
using Equation 31.

EQUATION: CFM = 0.5 x building volume (31)

4.3 Fan Selection. Select a whole-house fan which has a cfm rating
equal to or greater than that calculated above. Note that this should be the
whole-house fan cfm rating at 0.l-inch water static pressure (SP) drop and not
the free air cfm without any pressure drop. If the cfm rating does not state
the pressure drop, assume it is for free air. For fan selection, derate the

free air cfm by 25 percent to get the 0.1-inch SP rating.
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WORKED EXAMPLE OF THE CLIMATE ANALYSIS AND WINDOW SIZING PROCEDURE
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Section 1: BUILDING IN HOT HUMID ENVIRONMENT, OAHU, HAWAII

1.1 Purpose. This Appendix contains a worked example of the climate
anaiysis. presented in Appendix B and the window sizing procedure presented
in Appendix C, para. 1.1. 1Its intent is to present the data necessary for

rouvida a eimnla avamnla +ta fallaw
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using this handbook and teo

1.2 The Example Project. The building used for this example is a
barracks (Building #1031) at the Marine Corps Air Station at Kaneohe Bay on
Oahu, Hawaii. It is an existing two-story building in the middle of a complex

of two three-story barracks buildings. Figures D-1 through D-5 show plans,
elevations, a cross section, and typical room plans of the barracks.
1.3 Climate Analysis. Figures D-6 through D-8 present examples of the

SMOS Psychrometric Summaries and Figures D-9 through D-10 present surface wind
data. These data were obtained from the National Climatic Center and used to
perform the Climate Analysis.

PACIFIC OCEAN

2 ‘ ot ] Knneo'ne'” :
L o SN A x> T

i
?

IS

1‘. N Fraatd / ,‘lj\
iRl e

Figure D-1
Site Plan of Kaneohe Bay Marine Corps Air Station - -
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1.3.1 Results of the Climate Analysis. The results of the climate
analysis are shown on the Climate Analysis Summary Worksheet (Figure D-11). In
the Kaneohe Bay climate, ventilation is the most suitable strategy for cooling

(Step 2). On an annual basis, comfort can be achieved using 197 fpm 1.0 m/sec

ventilation for 99.9 percent of the year, and using 98 fpm (0.5 m/sec)
ventilation for 96.6 percent of the year. No mechanical air conditioning
(Stan ) or haatine guetam Ctan §5)Y g ramusfirad and tha huuildine anvaelane
ANA A 4 ~] A ll‘—u‘—&llb D]Dbcm \u\.cy ) AD Lc“ux..l.cu, LI\ wilC uu;;u;lxs CIAVV.I.UVC
does not need to be infiltration resistant (Step 4).

If 0.5 m/sec ventilation is used, only September will have a
significant (over 14 percent) uncomfortable period (Step 6). Since smaller
window areas will be permitted if 0.5 m/sec ventilation is used (as opposed to

1.0 m/sec), this example will use 0.5 m/sec ventilation as the cooling
strategy with ceiling fans providing additional ventilation during September
and anv timee whan tha atiteide wind cneaad 3¢ tan lnw far comfort

(=3 LV ullJ - A AR oD WalN AL \'lli' WViilLo LU W A LINA aycgu P2 U P A AN A W VA VAL W

1.4 Window Sizing Procedure. Since this is an existing building which

is being modified, this example uses the window sizing procedure to check the
adequacy of the proposed window sizes (Appendix C, para. 1.1.2) rather than to
predict the sizes that should be incorporated into the design. Both of these
functions of the window sizing procedure are the same up to Step 15.

(1) Reauired air velocitv ratae VUV = Qf § frnm = N S m/cer
(1) Required air velocity rate. v 98.5 fpm 0.5 m/sec
From Climate Analysis
(2) Cross-sectional area of the room, CS
Height of room, H H = 8.5 ft
Width of room across flow, W W= 9,5 ft
N . O &4 1Y rc _ QN 7€ £42
vVvo < n ~ w vo = OU:IJ LU
3) Required airflow rate, CFM.
CFM = V x CS CFM = _7953.8cfm
(4) Building location =__ Kaneohe Bay, HI (city)
Weather Station location =__Kaneohe Bay, HI
Fram* MM imata Analucic..avaminag wareat tvwa
4 AVl . Viiduasvoc nllCL.’QLD caAaQiliLllc WULD LW L% AV
naturally ventilated months separately
Design months: Sept. / _August
Prevailing wind direction for month, WD. WD=__ ENE / ENE
=Y ADMTAL 1. MAAO TD_.-a T .. o TYS __ 3 ML ___ a2 __.n ns 1
d) UIilUN 1., IMNMUO rdrll L--"lemperature vs. WwWillna virecuion . ricK
nradominant wind divection asccaciated with tha 82°F +4 24°1F
yLCUUIﬂLllﬂlll— WALMIWU ULlLLTULULLVII aoodovLiaLTu waiull CALCT VL L [PV} v 1
band for the month,
(b) OPTION 2: If no SMOS exists for the location, use RUSSWO Part
C--"Surface Winds." Pick predominant wind direction for month.
(6) Wind speed for month, WS. WS= 9.5 kn = 10.3 kn
From: SMOS or RUSSWO Part C--"Surface Winds."
DLAle smmcman sofond om0 A e o~ f 4 32 e f o
riCK mean wind Speed CULLESPUIIUL lg LO 4ad1recuioili
rhocan in Qtan § far tha mant - _
wiRiIV O Ll A LL U\—(—P - AL ~RAC FUIAV S SRS Y
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APPENDIX D (continued)

Incidence angle, alpha, on windward face, alpha= 47 5deg = 47, 5deg
from site plan and prevailing

wind direction (see Figure C-2).

From Table C-1 or C-2 determine: (used 45°)

(a) Windward pressure coefficient, WPC WPC =-__+0.6 - +0.6

(b) Leeward pressure coefficient, LPC LPC = _-0.5 - -0.5

Pressure coefficient differential, PCD. PCD = _1.1 = 1.1

PCD = WPC - LPC

For the surrounding neighborhood and the PCCF = __0.61 = _ 0.61
proposed building type, determine from

Table C-3 the pressure coefficient

correction factor, PCCF.

Bldg type No._5 h =23 ft g =_65 ft

h/g -__2.8

Calculate the revised pressure PD=-_0.67 = _0.67

coefficient differential, PD

PD = PCD * PCCF

Obtain terrain correction factor, TCF, TCF = __0.85 = _ 0.85

from Table C-4.
Terrain type _suburban

Compute revised meteorological wind speed W= _817 fpm = _886fpm
fpm in feet per minute, W.
W =WS * TCF * 101.2

Calculate required open effective A =18 .5ft?*=17.0 ft2
window area, A.
A = (1.56 * CFM) / [W * (PD)1?}

Calculate the inlet window area for the Wi = _72 ft? = _72ft?
proposed design, W; .

Correct using resistance factor, RF; , RFj = __0.56 = __0.56
type, screens, etc., from Table C-5.

Calculate the effective open inlet Aj = _40 ft2 = _40f¢t?
area, A; .

Aj = Wi * RF;

Calculate required open outlet area, A, . Ag = _21 ft* = _19f¢?

A, = A x A/ [(a2 - a*)17)

Calculate the outlet window area for the Wo = _40 ft? = 40 ft?
proposed design, W, .
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APPENDIX D (continued)

(20) Find the resistance factor, RF, , RF, = _0.56 = _0,56
for the outlet openings from Table C-5.

(21) Calculate the effective outlet opening, A = _22.4 ft? = 22.4 ft?
Ae .
AC-WO*RFO'

(22) Compare the required outlet opening with the effective outlet
opening.
Worst Month: September 2nd worst month: August
Ag = 21 A, = 19
A. = 22.4 Ae = 22.4

If Ao < A, then the required airspeed will be obtained and comfort
can be expected.

If A,> A. then the required airspeed will not be obtained.

1.4.1 Results of the Window Sizing Procedure. The procedure was
performed for the months of August and September. The required open effective

window area (Step 14) is 17.1 ft* (1.6 m?) in August and 18.5 ft* in
September. Assuming fly screens of 14 strands per in. (porosity 0.8), and
that the window wall consists of fixed louvers for the lower four feet
(porosity = 0.6) and operable louvers for the upper four feet (porosity =
0.8), the required open outlet area (step 18) is 19 ft? in August and 21 f¢?
in September. The actual effective outlet area based on the proposed design
(Step 20) is 22.4 ft*. Since the actual effective outlet area is greater than
the required outlet area, it can be expected that the design will be capable
of producing 0.5 m/sec ventilation in the rooms and will be comfortable for
all months except for about 14 percent of September.

Ceiling fans producing 197 fpm (1.0 m/sec) ventilation for a
substantial area within the room will provide comfortable conditions during
the periods when the outside wind speed is too low and during heavy rains.
These ceiling fans would also provide comfort during the 14 percent overheated
period of September.
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GLOSSARY
Absorption. The conversion of radiation impinging on a material’s surface to
thermal energy within the material. All radiation incident on opaque

materials is either absorbed or reflected.

Bioclimatic chart. A diagram of temperature, humidity, radiation, and air
movement used to display the human comfort zone under a wide range of
environmental conditions.

Bodily cooling. Any means of using climate elements to cool the occupant
directlv. Natural ventilation directed acroce the human bgdv mav conl it bhv

is distinct from structural cooling.

British thermal unit (Btu). The amount of heat required to raise the
temperature of one pound of water by one degree F.

Building bioclimatic chart. An expansion of the bioclimatic chart inm which
the limits for well-developed executions of climate control strategies are

Clo. A unit of measurement used to describe clothing insulation level. One
clo is equivalent to 0.155 m? (°C)/watts.

VP iy caas L. _1 PR .3 -
LomiLor L., See 1ne alL comrorc.
Conditioned and unconditioned spaces. The need for air treatment such as heat

addition, heat removal, moisture removal or pollution removal for a space, vs.
the lack of need for such air conditioning in a space.

Conductivity. A measure of heat energy transfer through solids caused by a
difference in temperature.

Dewpoint temperature (DP). The temperature at which a given concentration of
moisture in the air begins to condense. The dewpoint temperature of any

temperature and humidity combination is found on the psychrometric chart at
the left end of the horizontal line passing through that temperature and
humidity combination.

irect gain. Solar heat liberated within the building after passing through
glazing.
Direct radiation. Shortwave radiation that has travelled a straight path
(without refraction or reflection) from the sun to the earth’s surface.
Diurnal swing. The difference between maximum day and minimum night
temperatures.
Dry-bulb temperature. A measure of sensible heat as read on a standard
thermometer and indicated on the psychrometric chart by vertical lines.

149



Downloaded from http://www.everyspec.com

Envelope-dominated buildings. A building in which the loads created by the
external conditions are greater than the loads created by internal sources.

Fenestration. The design or placement of windows in a building.

full set of

rFirst-order weather e £ L2201 8% a2

t [}
surface observations are taken on an hourly or three-hourly ba

First-order weather station A ma jg‘ weather station at which

a
sis

Heat capacity. The ability of a material to store heat for a given change in
its temperature. Among building materials, dense materials have high heat
capacities.

Hismd AL v vat+i~ LI\ TAav anty +tfamnavatrsira nnd }n-m‘r‘* +vr ~Aramhinatian t+hao vatin
*lw!l*u*l—! ;,akxv \“I . AVA au_y \—cllll} LAALULT CAINA LIV ANS Lb] \oUlﬂULllC\-LUll, “iLiCT LAQALCLAU
of the mass of water vapor to the mass of the dry air with which it is mixed.
It is shown on the horizontal lines of the psychrometric chart and read along

the right-hand vertical axis. It is also known as absolute humidity.

Infiltration. Unwanted air exchange between the building interior and
exterior, resu
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controllable
Infiltration-resistant envelope. A building envelope designed to limit air
changes to less than 0.5 per hour. An infiltration-resistant envelope is

required in buildings that have mechanical air conditioning or heating
ovatams and {4n ~Alimatas whavae tha tamnavatiivae dvran 1aw anauich ¢hat
DJQLCH.ID, allu il LililulalLtTo wiiti T Liic Lo l}chLuLCD ULUP 1UW Tuuvupil Liiado
unrestricted air movement would cause uncomfortably low conditions within the
building.
Insulation. Capacity of materials to retard heat flow

Life-cycle cost (1LCC) analxsls. The total cost of a system over its
economically useful life. includes the appropriate summation of all costs
mewvrmmmtad A ha Jemnssrrwmnad oo o wamisl e Af Alhananadacmas amd el amacméteoans amar
CApCcLLCU LU D ldliCulicu ads a 1cdoull UL cluvuse 16 allu jupicliueincs 15 19 4
particular plan or design over the life of the facility.

load. The energy required within a building space to maintain interior
environmental conditions.

Mean radiant temperature. The uniform surface temperature of an imaginary
black enclosure that exchanges the same heat by radiation as the actual
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body surface, or 50 k al/h*m of body surface or 18.4 Btu/h*ft2 of bod
surface.

Natural cooling strategy. A method for building cooling that does not use
purchased energy sources.
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Night sky radiation. This term is usually used to refer to the loss of long-
wave radiant energy from relatively warm building surfaces to the cooler sky.
oss greatest on clear nights when there is little water vapor in the

nere to 1ncercepc the outg01ng radiation.

to direction (as of wind), this term means

Operative temperature. The uniform temperature of an imaginary enclosure with
which man will exchange the same dry heat by radiation and convection as with
the actual environment.

Pressure coeffjcient. The ratio of the pressure on a building surface to the
pressure of wind brought to a halt on the windward face of a flat plate. This
latter pressure is the maximum pressure to be extracted from the force of the
wind, and is also known as the ‘stagnation pressure’.

Psychrometric Chart. A graphic representation of air temperature and humidity
relationships on a chart.

R-value. A measure of building insulation, or resistance to heat flow driven
by temperature differences. The higher the R- value, the better the

resistance to heat flow. R-values for building materials, air spaces, air
films, etc. are established and used to calcuiate the overall thermal
resistance of building envelope components such as walls and roofs.

Reflectivity (albedo). The ratio of reflected radiation to received

radiation. Reflectivities differ for shortwave (solar) and longwave
(terrestrial) radiation.

Relative humidity (RH). The ratio of vapor pressure in an air-water mixture
to vapor pressure at saturation (the dew point temperature} RH is plotted on

- menmdasd m mle e P 1 P R PN ccemem e ma =ad L
he psychrometric chart as curved lines from lower left to upper right.

MI

A weather

Revised Uniform Summary of Surface Weather Observations (RUSSWO). A we
summary distributed by the National Climatic Center containing detailed
summaries of different weather variable for numerous weather station

worldwide. A revision of the SMOS summary.

Second-order weather station. Minor weather stations at which a limited
number of climatic variables are collected daily. Climatic data from such
stations are presented primarily as monthly means and extremes.

Shelter effect. A phenomenon in which the air speeds on the leeward side of
an obstruction are lower than those of the free stream due to the influence of
the obstruction on the airflow.

Solar altitude. The vertical angle between the sun’s position in the sky and
plane. The angle is lowest at winter solstice and highest at
ce
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Solar angle of incidence. The angle that the rays of the sun make with a line

ally Lila 1

perpendicular to a surface. It determines the percentage of direct sunshine
intercepted by that surface.

Solar azimuth. The horizontal angle between the sun’s bearing and a
north-south line projected on a horizontal plane. The sun passes the horizon
at a different point each day. The arc of the sun is smaller in winter,
larger in summer.

Stack effect. The movement of air into and out of a space due to temperature
differences. When the temperature is higher inside, differences in air
density produce a negative inside pressure and inward air flow at low levels

:

within the space, and a posltlve inside pressure and outward air flow at nlgn

- el oo

1 -1 _ al 2 =
levels witnin vne space,

Cooling of the building ucture directly rather than
the body of the occupant. Structural cooling by natural ventilation involves
directing air flow across the building’s interior surfaces to remove heat

stored in the building. This in turn can cool occupants indirectly.

Summary of Metereological Observations, Surface (SMOS). A weather summary
distributed by the National Climatic Center containing detailed summaries of
numerous weather variables for numerous weather station worldwide.

ermal comfort. A state in which the human body is in thermal equilibrium
with its surroundings. Major factors are. air temperature, surrounding
surface temperatures, humidity, solar radiation, air movement, clothing level
and activity level.

Thermal mass. The heat capacity of a given mass or volume of material.
Commonly used to describe the heat absorption and retention of massive
building elements.

Turbulence. The fluctuating component of wind velocity. Experienced as gusts

or passing eddies.

Ventilation. Airflow through and within an internal space stimulated by tweo
means: 1) che distribution of wind pressure gradients around a bu ildinz and
2) pressure differences caused by temperature gradients between indoor and

outdoor air.

Wake. The area of turbulent air directly to the leeward side of an

obstruction.

Wet-bulb temperature. The temperature of a thermcmeter bulb covered with a
wet wick and exposed to moving air. It is a measure of the moisture content
of the air. On the psychrometric chart it is plotted as lines sloping

downward from left to right and labelled at the upper left.

Wingwall. A projection from the building facade that may act to direct wind
or provide shading.
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Zoning. A building configuration in which some areas are separated from other
areas to meet a programmatic requirement. In naturally ventilated zoned
buildings, this often results in a building which has a naturally ventilated
section and a separate air conditioned section.
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