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ABSTRACT

This paper s on research approaches to passive

in the northern United States, which is characterized temperate and

cool climate zoneS0 to climatic are

reviewed~ While regional definitions do indicate the nature

of local climate, variations in microclimatic and

system variables are not by mapping

The climate-based defined Givoni's

Bioclimatic Chart 11) a basis which to characterize

climate data, and which it can be illustrated that

and s comfort in all u~s* climates~' A

is the rela tive

effectiveness of elements in a severe winter week in 20

u~s~ locations and conditions in 4 cities of

u~s~ climates@ tern variables of elements are shown to

be more than climatic variables in 110rthern U*S~

which are underheated~ Some elements, such

as windows or insulation, may increase cooling loads@ Oth-

ers, such as thermal mass and , reduce both heating

and loads and are therefore of interest in underheated climatic

zones that also have



UNITED STATES: OVERVIEW OF CLIMATIC DESIGN

MAPPING CHARACTERIZATIONS

The northern United Sta.tes experiences underheated

conditions and was characterized by Olgyay and 01gyay (1963) as f6 tem

perate 9~ and a" coo1 8
' bioclimatic zones (Figure 1) (i The design

techniques that are appropriate in temperate and cool conditions differ

from one another in degree but not in kind different kinds of

are used in hot-wet and hot-arid climatic zones) @ In cool

zones of the United States, insulation solar heat-

~ and or earth-sheltered are effective 0 In tem-

zones, the same are useful, di from cool cli-

mate in and details0

5)~

a.nd

R.egional

the

This is reinforced by examination of of indi-

vidual climatic elements, such as recommended insulation standards for

the northern United States 2)~ These follow from heat

variations and recommended zones for

3), which account for differences between

as well as

have also been , to indicate

4) and the solar

variations for solar

amount of sunshine

which combines solar insolation with

A c.limate map of the Un! ted States, in which both

and are included, was for the

recent Federal effort to establish Performance Standards

6)~ In this characterization, to assist in determin-

relative energy for conventional and those in

Which passive solar energy are used~ west to east variations

in levels or variations are not included@

Just as humid! may determine whether is

ate, may determine

whether capac insulation or effects (in contrast to resis~

tance insulation ) can be This results in a dis-

tinction between western and eastern of the United States as

in 7@ These and other factors were included in
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1 U~S~ regional climatic zones (Olgyayand Olgyay 1963)~

2 recommend~d resistance insulation values (Watson, 1977)~

2e2&3
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Figure 4 Average annual horizontal radiation in Langleys per day (Watson, 1977)
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United States climatic design regions in a recent publication by the AlA

Research Corporation (1978) 8)~ hourly weather data

were analyzed to evaluate passive heating and cooling strategies in the

United States, assuming conventional building construction standards~

The zones define areas in which various passive design strategies might

be considered, using a rating system based on temperature, wind, mois

ture, and sune

Such characterization of climatic design is only par-

tially useful ~ Mapping shows areas where climatic condi tiona might

exist that would favor passive designs based on limited selection cri-

terisllP However, passive Bolar heating or

area of the United States~ Maps such as

ities but do not demonstrate that

cooling can be used in any

8 indicate design prior

of solar win-

dows~ thermal storage, or ventilation can in fact overcome local

climatic liabilities if' local distinctions in type,

microclimatic variation, or conventional fuel costs are often lost in

computer simulation enable

that may short-cut

As will be discussed in the following

methods

and

the mapping

sections, new climatic

CLIMATIC DATA FOR UNITED STATES LOCATIONS

*... The data are reported in various

for each and for individual

stmlmaries include temperature,

means and extremes~ Sky cover data

Detailed climatic data for U~S~ locations, based upon airport

weather station. , are available from the National Oceanic and

Administration

formatS$!

states or

humidity~ wind ~ and

solar radiation has not been included in

are in terms of of sunshine, but measured

readings 0 For use in

computer simulation, solar radiation has been calculated and corrected

tional Climatic Center, Asheville, NC 288010
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measured cloud-cover data and is available in handbook form,

such as the Bolar data used with the NBS-LD program and Ishii,

1977) ~ Recently, tl)SOLMETlIf have been from measured solar

radiation and are available in handbook form (Cinquemani~ et al~, 1979)&

Other data that are needed for such as night tem

peratures and below-ground temperatures j have not been recorded0

The weather data for more than 150 U~S0 cities are available

from NOAA on computer tapes, in most cases with data over a 15-

year or The use of simulation of

energy performance relies upon edited and corrected versions of these

weather ~ to which measured or calculated sola.r irra.diation and

ground data can be added~

The climatic data that are available can be in various ways~

The House Beautiful Climate Control but notable

effort, was based upon such data for various U0S~ 9) and

led to recommendations~ An format for report-

climatic da ta and for a.dd! tional

data for use has been the AlA Research

( ), and submitted to NOAA~ formats include

of annual variations of , and radiation~

similar to the Climate Control as wind roses and

solar and One of the recommendations is that annual

,rariations of local and we t~bul b be

charted on the , to such

as in Bioclimatic Chart 11)$

GivoniPs Bioclimatic Chart shows that various tech-

are effective within climatic and s

clima.tic variations have to be defined in

elements that achieve interior comfort

exterior climate&

his

terms of the

conditions, rather than

12), Table 1 summarizes

u&s~ citie8~ Also indica.ted are the

that the climate

Giveni for various

'1I1"I>J6l"li"'·<"'l>~'l8"'ll'i!""'~!J"';j.~S of time

established

reference to Givoni's

the data for

relative

falls within the
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1'heyNrM~~

in nlation to 6&'Iz6l'df,&.ali1li..J4&"..

10

11 bioclimatic chart and Milne;



Figure 12 Psychrometric chart divisions designated in Table 1
(Watson and Labs,
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(Table 2) ~ Thus, for localities where weather data are ava.ilable on

computer tapes, it can be determined how much solar radiation is avail

able during the underheated periods (Zbnes 1 and 2 on Figure 12) or what

the windspeed and direction are when ventilation is needed {Zones 5, 7,

and 8 on Figure 12)e Table 2 refers to Washington, D@C~, daytime hourse

Similar charts could be produced for any UeS;a city recorded on NOAA

weather tapes for any intervals that require detailed analysis.

The recent development of passive design models for computer pro

grams indicates that it is possible to simulate specific building design

elements in specific climates e The analytic capabili ty of computer

simulation is in.dicated by the research on. northern U", S 0

climatic design elements in the section0

COMPUTER-BASED RESEARCH ON CLIMATIC DESIGN FOR

THE NORTHERN UNITED STATES

and

in

energy

reduce energy

tiona:

lation,

are available to

in northern United States loca-

or orientation, the insu-

and solar elements such as south wind.ows or

grle21,n()U~;~S, wi th or wi thout thermal ma.ss 110 The research in

this section was undertaken to review the effectiveness of these cli

mate elements in different UeS@ climates, , to com-

pare climate elements based on their relative merit in

the of a base (in this case) a "

house) ~ Annual and are also compa.red for

selected elements~ The at the outset were whether particular

s are UeS$ cities and whether there

are common characteristics between different strategies and between dif

ferent cities@ it was intended to determine how the con-

clusions would be affected different selection criteria, such as

between a winter week$@ and annual results!}
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DAY AVE ==
AVE ::

BTU AVE :I

WS AVE =:

RH AVE ::

Dry Bulb Temperature Average F)
standard deviation
Dry Bulb Temperature Average during Daytime Hours (sunrise t. sunset)
Dry Bulb Temperature Average during Nighttime Hours (sunset to sunrise)
Average Insolation on Horizontal Surface*' (Btu/day) ·
Wind Speed Average (knots)
Relative Hum1di ty Average.

* Insolation is not measured but is calculated from corrected NBS-LD Sun Routine

Table 3 Washington, DeCe, monthl,X. sununary based
on 17 years NOAA data (~ARGA Associates ) *



Computer simulations of 24 climate design elements were executed for

20 climatically representative test cities for winter conditions (Tables

4 and 5)~ The results are tabulated as percentage improvements over the

performance of a base house in each city and their rank order based on

each strategy's effectiveness in each city@ From these results, annual

heating and cooling benefits were evaluated for selected strategies in 4

climatically representative locations (Tables 6 and 7). The rank order

ings are shown to be independent of the one-air-change-per-hour (ach)

infiltration rate, and a method for converting to an effective solar

fraction is discussed.

The Climate Elements

Six different types of strategies are in the with

reference to their relative effectiveness a severe winter week in

20 U0S~ locations<ll These are below, and are based on a con

sis of behavior that the simulation results showed over the 20-city

spectrum: modifications; Type 2--buffer zone addi-

tions; mass addi tiona; addi tiona;

5--direct solar 6--indirect solar stra-

In Table 4, the first row for each house with a distinct

climate element) is its rank order (out of 24) for each of the 20

citie8~ The second row is its actual of energy dur-

the winter week, to the base house in each

1: This group includes the base house

), the same ) , a house the same in all

for a square to minimize the external envelope

), and the base house without an attic to a measure of how much

that It can be seen that the results of these modifica-

tions &re consistent across all 20 cities~
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TYPE 3

BASE HOUSE

EAST-WEST FACING

SQUARE PLAN

NO ATIlt (flat roof)

VESTIBULES AT DoaRS

NORTH BUFFER ZONE

SLAB t NO INSULATI ON

SLAB,PERIMETER INSUL

ER lOR MASONRY

EXTERIOR MASONRY

WSUPER-INSULATIOW'

R1S NIGHT-SHADES

COMBINE 28b and 28c

INSULATED FLOOR

I NCREASE WAll 1NSUL

INCREASE CEll IHSUl

WS19,W2& .W28d. W42a

WS42 w/RIS SHADES

SOUTH GLASS 26~FA

SOUTH GLASS 10SFA

'rROMBE WAlURS SHAOE

GREENHOUSE w/SHAOES

GREENHOUSE

Table 4 Evaluation of 24 design elements by type and by city (winter week)
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RANK ORDER

1 , 2 . 3 4 5 6

BOSTON

NEW ORLEANS

LOS ANGELES

SEATTLE

percent SHF

-91e7 $4 -6000 ~4 0.0 percent SHF
O~4 O~5 lti7 3.7 4@2 Heating

A29 A64 AJO All AO
-98$3 -97.6 @O -12.3 0,,0 percent SHF

O@! O~l 1&6 5~1 50'9 Heating

A60 A29 lUI AJO AO
e7 ~2 ...... 7&8 ...... 7.2 O~O percent SHF

9&2 @4 ~4 26~5 28@6

cities

east walls

Btu

to annual

~ Block construction
= Trombe wall with R-S
= Earth berms up west~ north,
:=: Base house

percent SHF = solar -~~~-~~~~

,JI,&_""" ~oi!..&jjl,01ii''!l savings
= annual energy
= Passive combination

Heating
A64
A60
A30
A29
All
AO

00
tfJ ~

~ ~
~

~

~~
~

~~ I
m ~

tj i:i=
~~

Cf.)

~
tn
-<
~

YO 'Ill Y30 Y60

Heating
BOSTON Cooling

TOTAL

Beating
NEW ORLEANS Cooling

TOTAL

5G9 5~1 Oel 1&6 0.1 O~l Heating
LOS ANGELES 5e3 5&2 8~4 3~O 7@S 8~2 Cooling

TOTAL

Heating
SEATTLE Cooling

TOTAL

Table 1 Annual

2~2~19



The base house obviously never improves upon itself; the same house

without attic uses about 2 percent more energy in most placesG With the

square house and rotated house, there is an equal amount of glass on all

4 sides so that what is really being measured is the effect of changing

wall and roof surfac'e size and orientation. The square house shows

about a i-percent improvement, whereas the east-facing one shows a very

slight increase in energy use. This does not reflect what would happen

if one side of the' building had more glass than the others, only the

effect of changing shapee

2 ~ buffer zone add! tiona. The three modifications included

here are a north-facing unheated buffer zone (ws23), vestibules on both

doors (ws22), and earth berming half-way up the side of the main living

area on the east, west, and north sides (wsll) 0 Adding vestibules

corresponds to a IO-percent reduction in infiltration in the main area,

a that is conservative but reflects the main thrust of this

modlfication~ With the earth bermlng, the insulation is on the outside

of the walls of the house, thus precluding the berm's use as thermal

mass@ With these s the gains are modest, and fairly consistent

of available sunshi'ne, although improving in the warmer

climates~

3: thermal mass additionSe This set of modifications consists

of a house with an uninsulated concrete slab instead of a base-

ment , and one wi th a ground slab

16) 0 Two more houses wi th basements include one wi th a I-foot wide

concrete wall the main area into an east and west zone (ws19),

and one with exterior-insulated 8-inch block walls instead of 2x4 stud

walls @ . Here, all the modifications are considerably more effec-

tive there is more sun to the mass and a lower temperature

differential to drain that charge & This draining of charge is further

shown the fact that the best performers have similar ground tempera-

tures ad to them (ws24 and ws16)0 In the next best case, the mass

is located on an interior wall away from the outside walls but eJ@out of~~

the direct sun 9)& In the least effective case, its mass is in the

outside wall 30)~



4: insulation add1tion8~ Here insulation thickness is

improved in various parts of the The uniusulated floor is

given 6 inches of fiberglass in an R value of 22 (w28a); the

walls are increased to 5&5 inches of s, R ; the ceil-

ing insulation is increased -to 9 inches to yield an R 29 value (w28c),

and both the wall and ceiling improvements are combined'{w28d)@ There

is also an alternative where insulating shades of R 15 were used between

6 pm and 8 am (ws40), and a. super-insulated house (Saskatchewan House

specifications; see Energy Research Development Group, 1979) with R 15

shades, R 60 ceiling, R 40 walls, and R 33 floor (ws60)& All of these

strategies can be seen to be temperature-dependent with little effect

from available solar 1nput~ Adding floor insulation (w28a) is as effec

tive as adding both wall and ceiling insulation combined (w28d), and

insulating the windows with shades is even

more effective~ The house can be seen to be one of the

two most efficient houses in all U@S0 climates) although achieving the

16 inches of 12 inches of wall s, and 9

inches of floor insulation is in terms of conventional construc-

tioD0 In some cities, the solar is better and it is

never far behind the in any location in the

United States0

increasi

feet

even

5: direct This group progresses from

the south of the floor area or 150 square

):& to it to 26 of the floor area or 364

). To this, R 15 shades are added , and a 1-

foot thick concrete wall is added, it into east and west zones,

and the same wall and insulation as w28d is added (ws64)~ Both

ws41 and ws42 show that extra area for direct gain alone, without

shades ot mass to retain the extra energy, can become a

_~~u~,_~.u'the is more moderate in its effect and is

te in some areas 0 shades greatly

of these s and stabilizes its benefits

across all the climates 0 When a mass is added it becomes one of

the best A word of caution here 1s that these

This means that some control must be

This mayset of

a.ll tend to overheat 0

to make them a more

2 2@21



mean venting to the outside or using the sun-shading devices for

overheating periods~ In Minneapolis~ where the average temperature for

the week was -3°F, this was not a problem 0

Type 6: indirect solar gain strategies$ This last group of alterna

tives addresses the control problems of the previous set by separating

the direct gain zones from the living zoneso This is done by adding an

unvented I-foot-thick Trombe wall with a night insulation of R 5 (ws29),

or a ZQ-foot x 6-foot unheated greenhouse to the south face of the base

building ~ One version of the greenhouse has a sliding door that is

closed at night and has the regular insulated wall between the living

area and the greenhouse (ws20) @ The other version has a I-foot-thick

concrete wall and night-closed door between zones, and R 5 shades for

the greenhouse itself (w20a)~ None of these overheat to any extent, and

the Ucontrol§~ gained 1s purely passivelil This extra control does cost

in performance and, although the savings are quite good, there

is some loss of efficiency because of the of functions 0 As

with the direct in climates with less sun, such as Seat-

tle or s, these are less effective because of the lack of

solar to "drive'li them~

REGIONAL CLASSIFICATION BASED UPON CLIMATE DESIGN STRATEGIES

If the data are and listed in rank order for each

(as in Table 5), a different of this comes to light~

First, it has become possible to sh four types of zoneSe These

zones are not based upon the traditional weather parameters) but rather,

on the behavior of the set of test houses ~ The four zones are all

defined a house's response to the combined effect in each city of

winter , wind speeds, ground temperatures, and solar flux~

In Zone 1 insulation are the most effective. Solar

~~~~~u~, both direct and indirect, are helpful but not as much as in the

other zones ~ An is the Trombe wall (ws29), which is half as

effective as in Zone 2, even it still averages as the sixth best

alternative in Zone l@ This zone could be best characterized as a



northern climate where direct sola.r design elements do not cause

overheating and are superior to indirect solar elements because

of the lack of solar flux to overcome their inefficiencies~ Seattle 1s

most of this zone~

Zone 2 includes the whole mid-section of the country and the

northeastern coastal cities~ It is typified by t~e consistency of the

effects of the first six strategies across ~all nine cities. Both direct

and indirect solar options are excellent, indirect elements

still lag behind di rect ones * In these ci ties there is minor

overheating with direct Boston 1s most of this

zone.

Zone 3 could be characterized as the mar! time eli-

mate~ In this zone the indirect sola.r better than

the direct gain ones, if is considered they are far supe-

rior ~ In this zone the thermal mass a.dd! tiona a more important

role in heat retention and Los is most representa-

tive of this zone 0

Zone 4 includes warm locations, with little winter

space demand 0 What must be shed in these cities is best

done indirect solar elements and the addition of thermal mass&

It is also to note that insulation additions are effective

and cause little in themselves~ New Orleans is most

of thiszone~

A RATING SYSTEM BASED UPON PERCENT SOLAR HEATING FRACTION

Table 5 the data for each the winter

rate loss ( rate

loss ) are ShOWIl for each location for use in the following for

mula, which an effective solar fraction for each for any

selected air infiltration rate:



Savings x -100
% solar

This calculation is possible because infiltration and the other

envelope heat transfers are independent of each other as long as it is

assumed that enough heat will be supplied by the mecha.nical system to

keep the room temperature constant. An example of the way this formula

works for was 64 in Omaha with 1 ach follows:

-3/ x -100 37 percent solar

The quantities for INFL and ENVL are the same as that in Table 5*

For the calculation for 1/4, 1/2, 1, 2, and 4 ach the solar fractions

possible for this strategy are 80, 58, 37, 22, and 12 percent, respec-

This variation out the inherent in representing

a solar fraction for a solar In an attempt to over-

come this it would be more accurate to make comparisons in

terms of the neffective solar fraction, n based on the 1 sen standard as

of results to other infiltration rates and gives a.

in the

for

clean basis for

tables~ This choice of a figure then allows

COMPARING WINTER WEEK AND ANNUAL RESULTS

The

formance of different

here a basis for of the per-

ions, to be used in the initial

of the process 0 This approach is

characterized simulation of the total building as a thermal

system, rather than the s of individual components e It can be

seen from some of the winter results that the combination of two com-

may have more than an result@ For exa.mple, combining

the insulated shades and south glazing (ws42) pro-

duces than the addition of their individual sav-



To further develop this approach, more work is required to the

effects of changing system sizes, changing building sizes, and exploring

the relationship between the design week and the full year energy

usages 0 Summer cooling energy costs also need to be considered. To

explore the year-round implications, the most representative building

element was selec.ted from each of the six types described above and

simulated with respect to the base house in the lI'representative cityU

for each of the four climatic zones (Table 6), using a standard year&

In comparison with the previous winter week simulation (Table 5),

the rank ordering has remained the same when based on the annual heating

load for three out of the four cities@ For New Orleans, there are some

changes between the winter week and the annual result, where the block

construction with exterior insulation (A30) has improved greatly0 This

is because the winter design week is a severe case, in that the benefit

of thermal mass is least effective~ Thermal mass is most effective when

ambient temperatures are close to comfort conditions to begin with,

which the New Orleans climate@ In fact, in all four cities

there is an a.cross-the-board improvement in 1111 so1ar fraction'll due to the

thermal mass effect in milder @I! weather periodse This indicates

that the solar fractions based on a severe winter week as given in Table

5 are conservative and biased away from mass addition strategies0

Table 7 a classification of the same climatic design ele-

ments in the same cities§ but includes both heating and

loads~ The first line under each 1s the annual heating

~o~no~~r, the second line the annual (assuming no

but mechanical air above 80°F), with the total in

million Btu on the third line~ In each case, there is a

difference in the ratio of load to cooling loa.d,

but also on the design modification~ The

load is thus an index of the effective

with respect to the base case and is a

energy expenditures required~ For example, in

loa.d to

on the cibased not

ratio of

ness of a.

measure of the

the Boston ba.se house, ratio of heating load to cooling is 38*7 to

6~8 MBtu or 4~7 to l@ With the superinsulated house in

the same location it is 104 to 1; with the solar house, in



Boston, it is 1~6 to l~ If one of these alterations were used as the

primary modification to a building~ the designer would then want to con

sider a secondary strategy that would the ratio to unity@ In cli

mates biased strongly toward heating (cool climates) or cooling (warm

climates), both primary and secondary modifications would be mutually

supportive and beneficial, whereas in climates where there exists a bal

ance of heating and cooling (temperate climates), there may be conflict

ing choices: adding insulation would reduce the heating load but might

increase the cooling requirement @ In Table 6, the only modifications

that reduce cooling as well as heating energy are the earth-berms and

the block-wall construction, but when used alone, these give the least

improvement in reducing the heating energy

This is limited to the , and the par-

ticular considered, but it does indicate a fruitful avenue

of climatic research~ From the , it can be seen that

neither nor variation an ade-

quate index of energy With the simulation capa-

hili now available, climate recommendations can be identified

based on but internal

load, thermal , and ambient climate variations as interdependent

variables ~ In thi sway, climatic can become building-

v-"'--"""", .... _, rather than based upon or gen-

era.lizations~

CLIMATIC DESIGN APPROACHES FOR NORTHERN TEMPERATE ZONES

sections, it has been that a climate-based

based on macroreg1onal climatic

if the entire range of local microclimate and

choices are not in the conclu-

of alternatives, now possible with computer

the and will help

combinations that can be used in any climate,

to differences in and to accommodate vari-

interior and exterior climatic loads ~ A

In the

to

data is

result

sions~ Parametric

simulation, can

identi

ations in



such as the super-insulated house or the solar house in Boston

(Table 6), may have nearly equal annual cooling loads j even

though the climate is characterized a di~~~~~~~A~I~

between heating degree-days and cooling degree-days (Figure 6)~ If one

accepts the Olgyays' characterization of temperate climate (as depicted

in Figure 1) and represented New York~ then the temperate climate

zone in the United States is underheated but has suffi-

cient sunshine even during a severe winter week so that passive solar

.,.IIl.&.4lo __.,.IIl._lloP..m.._llIo.&, with the one caveatapproaches are as effective as

that the building will overheat if solar is not in the

spring, summer, and fall seasons CI Thus, wi thout to agree on

whether a locality is a eiltemperate(9~ zone or not (e.ge, in Table 4, the

climatic responses to Dallas, Texas, are similar in

common group of problems

con-Dallas is

a

rank order to those for New

sidered a southern climate

characterizes climate in the so-called areas:

o zones

within limits that make

loads, but

contributions of passive heating

and both possible and author holds

that this is the case for all u~s~ localities, but with refer-

ence to

with this

zones j there should be little

......._,.." ................. ~.., .....ol.~ )

In zones, there is a choice of climatic ele-

ments which to achieve a total result, any combi-

nation of which may be as effective as another 0

climate design elements is the

that neither nor cooling

one element or another@ (Table 3

elements that increase the

0 The balance or combination of

concern in zones so

are increased

shows of

108.d~)

or practicalelements are more

zones because serve both heating

Foremost of these are solar shadingneeds'll

Some climatic

than others in

and

o

and mass elements,



o , with regard to international applications, comprehen-

sive approaches to passive heating and cooling need to be

into the programs of developing nations,

some of which have tempera.te an.d cool climatic zones, and

nearly all of which have energy and technical resource limita

tions that make passive approaches mandatory*

The pathways of energy exchange between a building and its microcli

mate follow the principles of heat transfer by conduction, convection,

radiation, and evaporation ( 13)0 The basic climatic design stra

tegies follow these principles in order to promote heat gains and resist

losses in the winter or underheated season and to resist heat gains and

promote losses in the sum.mer or overheated seasons @ (Figure 14) Q Of

these, there are five or six strategies in

each season~ In the winter, one may minimize conductive heat flow, max-

imize solar , minimize external air minimize infiltration, and

heat flow0 In summer, the available measures are: minim-

conductive heat flow, ven.tila-

tion, radiant heat loss, cooling, and

heat flowl'>

It is to determine which

effective in United Sta.tes localities

indicates the of hours per year

climatic conditions exi8t~

will be

reference to Table 1, which

which the appropriate

Each of the s is met climatic elements

from site decisions to detailed variations 40

Some elements, su.ch a.s orientation to the winter sun» satisfy only one

s (i~e~, to winter solar Others, such as under-

sat! for underheated and

overheated seasons (in winter, minimize conductive heat flow, minimize

external minimize infiltration~ heat in sum-

mer ~ minimize conductive heat flow, minimize solar ,and

heat



Figure 13 Paths of energy in a low-rise building
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Figure 15 shows various types of passive systems that have

been built or are proposed for northern United: States locations \11 In

many of these system types, passive cooling modes can be included, as

will be described below@

In all of the' variations, shading during t~e overheated period is

necessary to prev'ent undesired heat gain 0 Any fixed sha.ding presents

the problem of blocking the sun during the spring (for example, March

April, when some passive solar heating is desired) in order to also

block the sun the late summer (eeg0, August-September, when the

overheated period peaks~) The rule of thumb to provide 50 percent shad

ing the overheated as recommen.ded by 01gyay and 01gyay

(1957) is unsatisfactory if total effective passive heating and cool-

ing is desired~ effects with thermal mass pro~

vides a solution, but not as as shading devices that

can be ad to the seasonal needs0 New calculation and

design s to sola.r control devices are therefore of the

current research interest in cool

Direct Gain and Isolated Gain

10s: Direct The direct

system Thermal storage is desirable

df to the sun or, if this is not possible, then in the

walls and , such as con-

struction~ offers s in the earth below the structure,

it is insulated around its entire perimeter~ Summer cooling can

also be the increased thermal capacity of the structuree

and thermal The advantages of

the system are first, solar radiation is

admitted directly to thermal on the north wall, and second, the

space ts stratification so that the lower occupied

area is somewhat relieved of the effects~
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The clerestory can be used also to control glare by indirect (ceiling

reflected) natural lighting~ In summer, the high space can be designed

to serve as a thermal chimney for induced ventilation by the stack

effectG

loe: Roof trap. The roof trap variation is ~est represented by pro

posals by Baruch Givani, in which csse it is a fan-assisted solar heat

ing system in winter and a natural cooling system in summer~ In United

States variations, the attic space has been used as a built-in solar

collector (U.S. Department of Agriculture, 1977) and combination

skylight and thermal chimney ventilator.

l$d~ This variation of the direct gain

approach isolates the solar collector from the occupied space by a mov

able wall ~ Thermal storage placed in the sunspace would delay the

@~chargingtt time required before the air overheats so that design judg-

ment is required to decide between designing for lI'quick warm-up t!8 or for

thermal storage within the sunspace itselfila The latter approach is

e if a sunspace is opened in summer for night cooling 0

lee: - direct A variation of the isolated

sunspace eliminates the operable wall between sunspace and occupied

space and relies instead on a wall, which creates a barrier and

cool air from dropping from the occupied space during winter$

In houses built with this variation in Reno, Nevada, builder Paul

Neuffer that the upper zone maintains temperature

swings from 6 to , while the sunspace ranges from 90°F during the

to at The advantage is that some isolation and control

is between sunspace and occupied space wi thout adding the con-

struction cost of an wallfj9 However, there is no advanta.ge

for summer cool modes over the other direct gain systems e

l~f: Rock-bed under radiant slab0 An alternate to placing the ther

mal mass di in the sun is to use a rock bed~ usually fan charged,

which stores heat recovered from direct gain or isolated gain collector

spaces and releases it through a radiant slab above the rock bed~ In

this way~ heat in the range of 75-80oF is recovered and utilized. This

component has been widely used in the U080 with passive gain systems~



(Cal

during summer

during the next

Like a rock-bed in an active , it can be cooled

in order to be available for cool as a heat sink

Collector

2@a: Trombe col

best known passive solar systems@ Calculation

This is one of the

for design

application have been developed by las Balcomb and others at Los

Alamos Scientific (Balcomb, Hedstrom, and McFarland, 1979)~

Because of its ty, it is the best of all the alterna-

tives for winter in southern u~s& cities that have little day-

time heat

(Table 5)0

rement and that approaches

insulat-

shaded~

manual ; in summer the sunspace

This is an obvious va.riation of

of easy window ma'naJ~en~e~l~

vented and the wall ful

can be closed at ni

2~b:

the Trombe wall,

ing

can be

, and has both advantages and

d<#'Wl1>.o/i.""" ....,lt.ILIl>U, 'Hedstrom., and McFar-to masonrywhen

20C - 2~e Water wall variationSe The

Bse!" is an a.lternative thermal mass

land, 1979)0 If the space is vented for

iea-

, due to the

(2~d) has been

for

MoleT~ School of Mechanical

and

cool more

'&o>s.s.'li_4>M~.&.c-d:1

devel

_'<l..Jl/'lIJ..lIo..l!'-,&.Jl.=) the water wall could

surface area * The

Professor Shawn

~ as a col...&.=ll>._lIl...'q"..i!JI.

~ but atcool

to use a. water wall as a collector in a pump-tions~ It is

controlled (2 o e), but this has not been iedlll

with John Yel10tt (Sunset Homeowners Guide,Harold

The System, developed by

), and the

with William Ro White and

andhea.tfor combinedare notable

energy roof

John Yel10tt (

cool , especially for lower latitudes~ The System has been



used in a northern variation by Harold Hay in Concord, New Hampshire, in

which the "thermo-pond" is placed in an attic roof-trap space (Sunset

Homeowners Guide, 1979)G

4.a-4.d: Thermosiphon systems. The Davis House in Albuquerque, New

Mexico, buil t by Steve Baer, :l s a passive solar heating system (air

type) in which the col1ector t storage, and distribution components are

separated, just as in an active system, but, by having the components

placed one above the other, operates without a fan& Summer cooling can

be accomplished by venting the rock bed at night.

A thermosiphon system, referred to as IIlfthe envelope house, fit was

first buil t by Lee Porter Butler in Tennessee (Hudson Homes Guides,

1978), with subsequent examples in California and Colorado $ A sunspace

is used as the collector & A double roof and north wall and scrawl

space under the house serve as a continuous air plenum0 Cold air drops

down the north wall, is drawn through the crawl space in which some form

of thermal storage is aced, and is returned to the sunspace, where by

displacement, the solar heated air is drawn along the ceiling to "drive"

a thermosiphon loop& There is a good deal of disagreement between advo

cates and critics of this system as to whether the thermosiphon effect

is sufficient to draw the solar heated air around the entire enve"lope

and to charge the thermal mass in the crawl space (both rocks and

have been used in system variations) (Shurcl"iff, 1979) ~

While the houses have performed well in terms of comfort and low energy

use, the results may also ned the resistance insulation

value of the double-wall construction 0

A alternative has been patented by E~Me Barber t Jr., of

Sunsearch, Incf)~ Guilford, Connect! (4~c), but has not been built@

It has no inherent summer cool mode, but is of interest because it is

a system with the advantages of a liquid collector and

s ~ wi thout reI on pump a.nd controller components that ha.ve

been troublesome in active instal1ations$ For the same reason,

thermosi or passive domestic hot water collector and storage systems

are e to active Variation 4~d shows how, by

the water tank hi in a space, heat loss in



summer can help increase the differential in a

ney arrangement for induced ventilatlon~

This review of combined and cooling system alterna-

tives helps to make the that, while the current emphasis

in the United States has focused on separate components either for

heating and cooling, ~ of offers the greatest

advantage for applications to ,especial in tem-

perate climates ~ Wi th newly developed simulation

combined heating and systems can be tailored to each

specific design to fit the internal loads and the climatic lim

i tations of each building locatfon~ Future research on climate and

solar should therefore encourage an approach

to ications@
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