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The Courtyard For~ 

The courtyard form developed in Mediter­

ranean and Middle Eastern regions to meet 

the requirements of defence against the 

often ~_?S!ile exter~al .. physical environ­

ment. There was a need to protect living 

spaces f rom dry dusty winds and intense 
.. ~--··· ·~----

solar radiation. Wh.ile the temperate ·- r-g - -----
climate dwelling looks 2utward on~o green 

surroundings, shelter in.~rid regions 
- J - . 

looks _inward to a protected space, or 

co.urtyard. 

Living spaces clustered around the court­

yard aliowed ~-~~ended familie~ of several 

gener~tions to live together with a degree 

af privacy and interaction. In most warm 

climates much of the day-to-day ac~1~~~l~~ 

take place ~ut of doors. Inward looking 

courtyard units could be built back to 

back and clu~'!-_ered: _to attain very high 

~E~~ densities, without a loss of private 

open space. 

A study of the old quarter of Delhi in India 

indicates that despite the high population 

density and close packing of housing units, 

25% of the urban area is actually open 

c ourtyard spac e • l O --- \ ;._ ~, -:-,.A 'r '<-'- ...- ~ ~; • 

C...-:: .,·.-·"'(-"'"'•"<:'- -\-•' ::::::...c~·-"'- .~· r. .:'"- ,.\-7 ---P~::-,--..-,. n .:i -- f-,..J, ,.. ... _.,. \-"'~ 
'?_--c - ..-:)-.::; ~/: , .7,_·-:-~ -·=T=-·= ......... _ 

Close urban cl ustering resul ts in_ mu.tual 

_shading and a decrease in heat gains on 

external wall.s. The courtyard if proper-

:=.-~ :::1 : : ! ! 
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ly desi.gned functions as a cLimatic modi- _ 

fEer. Here a pool of cool night air can _, - "-- --- - - - -- ---- --- . . . ..-

be retained,_ as i t is heavier than the 

surrounding warm air. If the courtyard 

is small (i.e. the width _is not greater -- - - -·--· 
than the height) even bree~~3i_ yrill leave - -- ·-·--··-·---·--·---- - ---·-..------
such pools of cool air ~d!?-.:..tu+.Q~d. High_, 

walls eut off the sun, and large areas of 

the inner sur_f_~~e~ and courtyard floor 

The therma l sy5t i!:n 
of a small cour.y3rd 
ho use 

Oay 

- Pool 
fcv;irx.r;itive coolulfl} 

RP<Juœd 
-.eat adï"HSS>Or'\ 

are ~~~~~~ during the day. Cooler air, 

cooler surfaces, and the earth beneath 

· Convectton from s:..:rf ac 

R:icloi1tion to cJp," "'Y 

the courtyard will draw heat from the sur­

rounding areas, re-emitting it to the 

open sky during the night. ___ .... -~- -- ..._ 

An interesting adaptation of the typica~ 

form is the two courtyard house. 
... ~. - - - One 

cou.rt ia small and deep and therefore 

generally shaded and cool; the other is 

wide and open to the heating of t.he sun's 

radiation. Air in the small courtyard, 

being 5~ool ~:q.d __ <!~1:~~' has a higher pres­

sure than the warm air of the large court­

yard, which tends to be }-ighter and there­

:fore rises. If an opening or :passagewa;y 

connecting the two courtyards is well 

positioned, there will be air movement 

1 

-- -
Conduction through ground 

The thermal system o! 
a larger counyard 
ho use 

~ 
Protection !rom 
hot dusty w1'1d 

,--- dav. 

· -- ~o~uc:ron to -
cool grD'.,rd 

night. induced hy convection from the cool court-
....,. __ . · Radiation 10 clear sky 

yard through the passage to the warm court-'" 

yard. The air's velocity is controlled 
- -·--·- ------ --~ --- -- -~·""' ..... --·· 

hy the size and nature of the passageway,~ 

as well as the temperature and pressure 
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dif~erences between the two courtyards. 

In houses where this feature is employed, 

the inhabitants spend the hot~~~t _hours 

of the su.mmer days in this cooled space 

between the courtyards. 
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Co nvection system between cou rt yards 

from Development Workshop 



Environ.mental Planning and Indigenous Urban Settlements 

Cas e Study of Cld Cairo 

Cl d ci ties \.\'e·r-·e of a ~anag~0b_l_e _ _E_~§.le_ and functioned well. Even toda;y 

t~1e tradi tonal a:-eas in ci ties such as Tunis, Cairo, Yazd an.ci .Delhi hold 

man~f _;Lessoris. for urbX planning in the Third World. Today-&iêi.fi;;'·='"tïGi:i.4 

t - . b ,'1'\...'1.":>Î~t. b f' th 1 ~ b . . h - . "'- t Qey are in :aa~c onai ion ecause o~ e pover~y oI t _eir in ao1Gan s, 

intense ~v_ercrq~r-~i:I?-g and official neglect. Detailed examination however , ---- - •. --., 

s~1ows a layout of stre ets and blacks_ that a:-:·e 2as~:. CQ. soun~~~-Lp 

ecor:o::'.ic, social and environ.mental conè.iti uns . Solutions for acconodating 

?-8nse 12opul0ti_p_IJ:~ wi th.,ut resorting to_3i~h-ri~e~ t owers gave evol ved. 

11::·adi tional centres such as Cld Cairo have, using the courty~r_d !:tô~se 

_.,,, :::iodel, in the past coLJ.fort~bly supported populatior: densities between 

300-400 people per hectare . Post war higQ-ri se tower residential neigh-

' ' ....... ' 

bcur~ooà.s in London were zoned for about 250 -oeople l'er hectare. El se-- - - - -- . .... . ··~ - .. --- --- ·- - - - ---------·-
w::-j.eI'e plaL..:":.ers have bad to resort to buildin::r 10 to 15 story blacks side 

by sicie in orà.er t o increase densi ties ab ove that ,,;jicb. was found in the 

indigenous mièdle easte~n city . 

Altbough riLgeà. by endless urban expa!lsion.a:nd it;nored by economic plan­

ner2, these old quarters still today support a wide ranse of commercial 

and s:m.all-scale industrial activities, employing significa!lt sector.s of 

tte latour force and h ousing many of the pocrer classes. 

Hot cnly tt.e peripheral squatter settleIJents , but the tr:;.è.itional city 

centre accouodates the rural and unskilled ~igrant . In t-:-.Le clè. ci ty 

cue.rters t.e finds casual employmen~ in the _un;:n_echan:j,.9eC: t:::-aè.i tio:ual 

sector . 

Old auarters have been adapted to accomodate :;;u:::h ::iigher _Q~E_siti.~~ than 

those mentioned above. For instance, Old Cairo before 1800 and colonial 

contact with first France then Britain, housed about ~2.Q,Ç~':'._pegnl~;it~in -· -
i ts 1.,:all3. De spi te the growth of fu.he European ci ty and suburban are as 

arounè. i t, b;; 1947 the :poptj.lation of the old ci ty vas _6~5.LOOO; in 1960 

i t had reached . 850, 000 and is now probably ·well pver a r;ïi~lion~ At the -----· 
same time metropolitan Cairo has growT~. from Y:. :cillion to 8 r::illion people 

;;i th population densi ties in so:r1e are as of 1.500 ]Jersons yer hec""Gare . 
·---···-

Every c.: ay about 500 new migrants enter Cairo. 
I "" "J +- ' - - .L. ~ - • h 

~.one-- ..l.am--J:_-y- c-ou~v.yarc.~eus-ee-now- acco:!"!:-eeia-tse-·ro.F-m-e:::ie-<peopre l:::! - eac_ ·· reo~-

1,,U"" \:,..... "" 

Eany of these proble:rr.s of overcrowdine: anci unem:pl o~men~ o~ course can è1e 

tr.:-.ceè to t'.1&!..m'oalance of investment. ~ urban rat:::ier thar: rural industri-
9 ~ G:,pi-f~/ ,qo~~ ,•"-fo 

-:;;er0'1c.~ 
1. . ~ 

a_::...~o.tion. .-lnd the solutièm to the Drcb ler::i s of -t!2.:: sity .:::.:::-"" li~:i:.:~7 to 
-- - .. -- -

.~ - ... -·· -: .. 
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of ~,np ci ty. Though containing a ro:;:-.ulation ·well 2bove the o:;.. tü-::ll!::. and 

sbowinc the effects of over taxation of Dunicipal services, it still 

ilJustrates the principals of the inè.igenous city . 

There exist a hierarchy of f unctions which have a rationale o~ ~a~y 

le;els, 9ocial . and economi c as well as enviro:pme:p.tal . 
~-fil~ --f-.::> /-(o'-ISe.. -Pc, r-..--i. - --=>+ r '-'l. c---h.-..r-<Z- -P ;;& ~ Î · 

~ 
fi 

fi 11 

~ 
W,7(/ 
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The pattern shoKs a hierarchy of large and small squ~~~~ ~ ~~ \VL Œe ::>ed-

estrian streets on a no r th- south axis and narrow streets ::rur.LD.:::..n~ east -

west,~roT ~Ptsrsect S cr ~ , o~ f +h~ ma~r c~ rcpt L 

The -prinicnal IDlLTlici ual s a uare is bouncied bv' ci vie buildings suc"!-2 
~- - - - -- _ -,, _ __ _ ...i - - -- - -· V "--

as 

the :;:r;osq_ue anQ, __ edu_~_a_!:Lo....:1l_a]-_?-_:~9._cJJ..l°t."13ral buildings . - - . ---- -- -----. Running ~orth or 

south fron the squaTe are the l aTg.e reè.estrian traffic routes . Co21mercia l 

activity occurs along t cis aTtery , 

those sellinG goods related to th 

• .L~ ~ ~ ' -ln L, _J.e -'- o rrq O.L sn.o-:cis , 
J;,-~>-o-VS 

~osque , throush c loth 

- - -
D egi:-.r~ '2.YlE '."li th 

anè. :rues , a12d 

j-- further away , everyday domestic soods . The :œ.~in street ouer:s _ o-:.;.~ at 

'7') .-

~~ 

~~ .......... , 

'"' r 

+\ 

points whers the smal l er east - ï-;est streets intersect . Tbese :::..re usual l v 
- - -"-- - - . - ... . - fJ 

pL;.ces w"je ~ street sellers set üp tneir carts in the dco.ytiBe to sell 

perishable or seasonal goods • 

rn-0° n~-r~-·0 1 - east ''est strpn-'-~ (A+-""2) ,.,~ . ...,t~;, .. .,..,.,uc11 of' +·n° c:~~·1 ~,...~1° ..L - v ..... C. • ....._...i.. tJ • - v\ .._...__,u::::> V..J....... .._ . .._;..L.i -::;.. _ _ ! ..L!..l _ v .... .._.. ......... ..:...:....:.c;.....L_ - .::;,\..-c.....:._..__ 

in:ustTial acti vi ty ; this :-io·,.; eE:tend.s i~.'.to the residential c:i=·'.::as ':iel-::.i~d . 
-r- ": ' • 
.l.:J.CUS T; ries ~ ~-·e -,..-.o~-.,... e'"' i· r ; 

CÂ.L _b - Ù.J:-' u. - sec tors : -v .1 2:::. -\;in~~ ar..d le3ther 1·.-ort: :;:se:.::- "'::he 

~osaue to "jeavier and noisieT tra~es S ll c ~ a s rr:: et n_ l \:OI'LlTI§; at "'c!~e ueri -, -

pheries of the old settlement . 

Residential areas are subdivided ir..to cells or blacks (Bara) . Access 
-A -

to residential ares.s is through a _r:a_:i::.;·C2'-··'_ ::ia.§!3_age off the s~~~-~~il:_:;:;".:_ st_r:_ee ts . 

T~e rreighbourhood ~esidential block , usually inhabited by a single 

family or tribal group, focused around a common square (Saha) . Ten or 

t ·11enty houses grouped together to f OY.i! t~is cell , each bouse -e>eing i tsel f 

based on the courtyard plan . 

:Now _overcrowding has meant tbat eztended fami2.y houses ta-v-e bsen ~~i_vided 

i::ito one roOin uni ts each containi §; 2 fco_:::.rJ.ily group . House e~~-cen.s:_on 

has resulted in encroachment into the already narrow streets . aD.è. a 

g'i-1eral , neglect of one e v ery ef :f ici ent •rrù-:; 1' ci pal s 2rvices . 

_ L:__ 



Cld Cairo 
- ~) 

ê J~he old quarter of Cairo remains toda3r a vital and productive sector 
---~- -- --

OÎ -:ile ci ty. Though containing a population well ab ove the or:-tir:'.!w::: and 

e: showing the effects oî over taxation of municipal services, it still 
,. /Çi/ illustrates the principals of the indigenous city. 

Th2re exist a hierarchy of functions wbich have a rationale 012 I!:la:!'.1.y 

le;els, 9ocial ;and economic as well as enviroµme:p.tal. 
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The pattern shows a hierarchy of large and _ ~mall squa~~~ ~~~\Vide Jed-

estrian streets on a north-south axis and narrow streets :rur....n l. ng east-
west,from ~ntersc ction~, a~~ th& ma~n ctr0Pt. 

The }_Ti!!icpal m~~:h~i.P.~f- square is boy.nd_e~d by ci vie buildings suc"tl as 

t!l.e "!:_Osque anci . edu~_ati_9_p._aJ~?-_r1Q. . ....c_JJ)_t~~a_l_ buildings. Running north or 
south fron the square are the large r eè.estrian traffic routes. Co2merc:l.al 

activity occurs along this artery, in the ~~1...o~ shops, ·oegi::-.r:.ing -.üth 

those sellin[ gooâ.s relat ed. to th :-:1osq_ue ~ throue;h cloth and rurs, a~d 
further away, everyday domestic g oods. The main street opens out at 

..... - ---
points whers the smaller east-west streets_, ~ter~~ct_. These 3.re usually 

pl2ces ·whe fi .street sellers set u.p tneir c.àrts :Ln the daytiI!le to sell 

perishable or seasonal goods. 

The narrow eas t-west streets (Atfa) c8ntai~ much of the small-scale 

i n::iustri al activity; this no~ extends into the residential a~~as "be l1in.d . 

I ndustries are ~rouped in sectors : ~e ~ving and leather work =~&~ the 

~os gue to ~eavier ~nd noisier tr~0es suc::i as metal \:or:C:ing a-: "'C!'!E ueri-... __ 
pheries of the old settlement. 

Residential area s are subdivided into cells or blocks (Hara). Access -· -
to residential ares.s is through a nar=·ow nassage off the seccnd.a~.r streets. 

o;_.. - =-·~- --- --· - ---~- -- .!-!.- - .-

The nèighbourhood ~esidential block, usually inhabited by a single 

family or tribal group, focused around a comrnon square (Saba). Ten or 

twenty houses grouped together to for2 this cell, each house ~eing itself 
based on the courtyard plan. 

Now overcrowding has meant that extended fami 2. y bouses have been d.iviàed 
. - -

into one roo:n uni ts each containi g 2. fa:mily group . Bouse e::-::;ension 

has resulted in encroachment into the alreadv narrow streets. anè. a 
" ' 

g<i1eral , neglect oî . once very efficient rm1nicipal services. 

-~-
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very clcé~r enviroœnental r2tio:::::;.é..lé. 

!~ort:'.:1-south !'unnin§; strei:::t can be allowed to be i.-ride and ·~;ill still re~ain 

sb:tdeè.. .Since tne sun's "Cath runs at right angles, the streE:t y;ill be 

shadeè by buildiligs on ei -:~er side for ~ost oî ~e day. CnlJ.r at nocn 

whsn the sun is directly overhead v;ill rc.diatio::_ penetrate dcw-n. to stres-: 

level. 
~ •• ,1/ el -J-o I k- ., '"'" ,--1-"-

~ ~ 
On the ~the:r hand , ~ast-\-;est ruI'-~ing s::;reets ::.re narrow and bave illany 

bends, ~over~2n,gs_ and covered places . ·I1~ey s.re -::herefore Y.:ept shaded 

rno::;t of tl':!e tirr:e . T~e na:-:'o·y; stree-:s enè. the courtyards oL the old city 

trsn cool ni~bt-time air an~ ret2.i~ 
.._ - - - ------ - .., well into the éay. 

The city ~attern is also a res?o~se ~o t~e seasonal fluctuations of ~in~. 
----- -----.r 

Viost of t~e year a cooling 1:1_ort:O.ern ·::-ee~~-b~_o·,.;s , cira.un up the Hile fror: 

the I·ledi terranean. Tne pri::cipal nor-':G.-soutb st:-eets heln to cba::.LI:!el 

tbis breeze t~rough the o~ë Quarter, ~:'ovi è.ing welcome ventilation ::md 

cooling in the late afternoon . as ttE breeze passes along t~e le:igth of 

the street i t creates nega~i ve yr_E'._ss~::::._e dif f ere::2tials at openinss at 

intersections of the smal~ e2st-i.;est streets , \;~~icb in turn dra-...; air by 

suction throu5h these a:~eys as well. 

'.f.TIE:x:~ ...... ~~~ Ho-c à.ry 2oi..:.t2.-e :::st ·f:i!lè.s (Khar:;siL) blO\\- off 
......____ ---·------ ---- ·-----

~he à.esert duri~f the s;:-~=~ · Tl:.e ~2ze of stree-:s impeèe ~inds .:ro2 

-chis d~rection, a:i~ ~ode~ate tjeir a::ec~ a~ gra~nd level . 

The courty~?d hcuse its9:f ?rovides 2 cool sree= coàtrast to the hot 

n-ci' arid cli:sate . 
~ 

I +- C-
V~ properties of t:'a;pi~~ cool air at nisht - ..L. -a.r::. c: r e l- a l TI -

/ ing it for daytime comfor-:: are well .: ::J. 0 \-l:l • 
---::: ·- --· --- - - - - - - - -- . -

~ The · t·wo-co'..lrt:vard i..:.ouse in Cairo is --· -· - ·-- --....:...__,,. 
a.:i interesting adaptatiü-r:-,_ -~;:cc-:::-· 

---- --
uses difîerent size spaces tp produce cooling air ::::cove:::r1ént through co:r-1-

vectio~. Tbe large cou:-tyc:;.rd traps ~!-1e sun anè. heats up, producin.5 a 

lo~ pressure area . The ssaller cour~yard rewai=s shaèed, keepins the a~~ 

within it cooler and there:or of a ~i~~er nressure . Cool ai~.moYes 

tbrourh a passa~e from t~~ ~is~ pres~~re a:-ea. to the low oress~~e area . 

(WithiL - """'\ T°'.- c: - - - -- - - ....._ ....-.o .,....ri n --r,..... - ",.....~ ----:- ,....--- ~ / o ) c, _,e ,.....c:.~.::>a~e1·,av Yi-:. -~C0_l-'8u. 8. ':-;:;.L~~..!..vY ~·-'- •./ m S~C. -----
- - -V " 

The sê...I!le ::.=-·rincirals ap:;Jleè. to the st::-2et ::>atte:::-·:::. ~!'...Qdu_c_e air :oove:::ier.t -----------· .. --.. . '·---- ---
durinf the ho~ ~ioes of tay, even ~·:":J. 2:: ::o ·.-;ind is evident. · Oueni.::.~s at 

street ~=-~erse~~ions hea~ ü~ a~è c;e~~E Dockets 

draw cooler air fro~ J._ ...,..., ç. 

" -- --n~r:.-.r 
t>~-u.c~ st~e:=-:s . 

- ..•. .: -

- -

'J.: lm·1 ~ress-c.:re -v:~i ~:; 
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Enviroœnental Desi~n 

The indigenous hierarchy of ouen s-:Jaces and -;:;,edes"':rian ways also b.as ~­

very clear environmental .rationalt::. 

North-south :!'unning street can be allowed to be wide and will still remain 
...... _ ··--~ -
shaded. Since tne sun' s Da th runs at right angles, t·he street will be 

shaded by buildings on either side for ~ ost of ne day. Cnly at noon 

when the sun is directly overhead 1-..-ill radiatio::. penetrate dov.rn to stree-: 

level. 

On the cthe:r hand, east-west 
' 

r-~lfe/ -l-o 1-k- 4>C.CI'\ r-1-~ 
~ ~ 

!'unning streets :::.re narrow and have many 

bends, oyerh0ngs and covered nlaces . T!1ey are therefore kept shaded 
~- ·-· 

moat of the time. T!J.e nar:'ov-; streets anè. the courtyards ofr the old Jity 

trErn cool night-:--t_i.rg_~_?-i:r a:ni ret ain _" ·well into the àay. 

The city pattern is also a res~onse to t~e seasonal fluctuations of wind . 
~-- __ ...,. 

Iiost of the year a cooling northern t:;ee~~_bl_o-1'Y'S , cira:wn up the Hile fr or: 

the I1editerranean. The principal nort'::l-south st::-eets help to channel 

this breeze through the olè. quarter, :;_:.1::-oviding welco~e ventilatiim P..nd 

cooling in the late afternoon . ~s tte breeze passes along the le~gth of 

the street i t creates nesati ve pr_E'..~~-~ dif f erentials at operüngs at 

intersections of the small east-west streets, ~iich in turn dra~ air by 

suction through these alleys as well . 

~~:x.-ruu<œ:)::g~:x±~~ Hot dry sol..:.tè.-es.st >·ïinds (Khamsin) blm .... - off 
~ - - - -- ...___ ___ . ____________ ___ ___ -

thé de sert during the sprir:.g . Tne ;r:sze of streets impede -r.dnds fro2 

this direction, anè. mode::-2te t":leir a::ect at gro::nd level. 

The courtya~d house itself urovides a cool green contrast to the hot 

ç<~ arid climate. 
~ 

Its properties of tra;ping cool air at nisht - .... . anc. re1.,a1n-

f!c/ ing i t for d2.ytime comfor0 are well 

~~ --:-'."Tlie twà~.Q~~t-;~rd - :r~~use -l.n -Cairo is an interesting adaptatiüD.-,--~SI.C~--
~--- - ....__, ---- --- -

uses diff erent size spaces tp produce cooling air movemént through con-

vection. The large courtyard traps the sun and heats up, producing a 

low pressure area. The smaller cour~yard remai~s shaded, keeping the ai:-

within it cooler and there~or of a ~igher pressure. Cool air .moves 

through a passage from tL ~ ~ig~ pressure area_ to the low pressure area . 

, (Wi thin 0:ie passage1-.;ay -we :::-·ecorèed 8. veloci "ty of • 5 rri/sec ~) ·-----"--

The same -C·rinci-cals aD-;)leè to the st:-ze t -:Jatte:::·:::i -c-r_oduce air move~ent 
- - .... -------·--·- .. --- .... -. - --· .. -~·-----------

durin[· the hot times of tay, even ~he~ ~o wind is evident. Openi~gs at 

street intersections heat un a~~ crea-:e nockets a~ low press~re ~~i~h 

draw cooler air fro~ St2='eS~ S . 
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LEARNING FROM THE PAST: 
PASSIVE COOLING STRATEGIES I 
TRADITIONAL AND CONTEMPORllRY 

ARCHITECTURE 

FULLER MOORE 

INTRODUCTION: 

Until the late l 960's, man has relied in­
creasingly on the use of energy­
consuming mechanical systems to achieve 
thermal comfort in buildings . In the wake 
of increasing shortages of energy, ar­
chitects are re-examining traditional ap­
proaches to thermal comfort that used 
energy-conservative "passive" means to 
achieve this thermal comfort. The study 
of ancient structures is providing a fertile 
source of solutions to the heating and 
cooling of buildings . The state of the art 
in " passive" (use of natural heat transfer 
wi thout mechanical equipment) heating 
and cooling has advanced significantly on 
the Jast decade , and it is economically 
feasible to reduce energy consumption for 
comfort conditioning by a factor of 4 us­
ing these passive techniques, as based on 
the author's experience. 

ARID REGIONS: 

In any overheated location, protection 
from direct solar gain becomes important 
in maintaining thermal comfort. 

The relative dryness of air in arid regions 
makes a number of cooling techniques 
feasible. They are evaporation, nocturnal 
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radiation, nocturnal mass cool-down, 
earth/ air heat exchange, and exterior wall 
mass. Where ai· movement is required to 
accomplish the above, solar induced 
convection or winds can be employed. 
However, because of the high ambient 
daytime air temperatures present and the 
tendency of air "TIOvement to effect ex­
cessive skin evaporation (resulting in ex­
cessive drying and dehydration), ventila­
tion alone is not an effective cooling 
choice. 

TRADITIONAL EXAMPLES: 

Ancient Arab homes used a curved mar­
ble slab adjacent to exterior window 
openings to effect evaporative cooling as 
the warm outside air passed across . 
Similar effects were achieved using a 
..E9rous clay water vesse! placed in wind­
~àrd wall openings; as moisture wicked 
to the outer surface, it cooled the air as it 
passed around t he vesse! and 
simultaneously cooled the liquid within. 

Willt9!1çhes were often employed to 
direct winds above the surface down into 
residences where they were ~epor?tively 
cooled by central pools. or fountains . In 
his design for a girl 's school in Gourna, 
Egypt, Architect Hassan Fathy employed 



the same principle usi ng a bed of charcoal 
kept saturated with water to effect the 
evaporation (Fathy 1969). 

In arid regions, the ... Q~L.atm_pspb_er_e 

conditions all_o~ EQ.Î.cLradiation to the 
night sky. This radiation effect (not to be 
confused with the convectiv' cooling ef­
fect of the ambient night air) allows sur­
faces to be chilled significant y Jower than 
the ambient air temperature. This effect is 
most pronounced under st •li air condi­
tions and is enhanced wr en radiating 
surfaces can be protected fr ( m the warm­
ing effect of night winds. n Iran, this 
phenomenon allowed ice to be produced 
passively when amb 1c! nt night 
temperatures were abov · freezing. 
Bahadori (1978) has describe,1 the process 
whereby shallow trenches are dug along 
an east-west direction and filled with 
water, with an adjacent adobe shielding 
wall erected along the south edge of 
trench. At night the radiative heat Joss 
from the surface of the water will exceed 
the convective gain from ambient air and 
conductive gain from surrounding earth . 
The ice is removed and stored the follow­
ing morning. The wall serves not only as a 
wind barrier, but as a shading device. 

Because the inherent mass of tradi tional 
~e construction possesses a large 
thermal storage capacity, it has been used 
effectively as a cooling strategy in arid 
regions that experience large diurnal 
temperature swings. The thick exterior 
walls and roofs slowly absorb heat from 
direct solar radiation, both diffusing and 
delaying its impact on interior spaces. A 
significant amount of heat is retained by 
the adobe until it can be released back to 
the outside at night by radiation and 
convection . The remainder is delayed as 
much as 12 hours and radiated into the 
interior at a time when ambient air 
temperatures are Jowest. If outside air is 
introduced at this time, even this delayed 
heat gain can be minimized. It is 
necessary to hait this ventilation during 
the day as outside air temperatures exceed 
those of the interior. 
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"Flushing" out the structure with this 
cool air has the additional effect of cool­
ing isolated interior masses to evacuate 
heat absorbed du ring the day. Numerous 
examples of this strategy can 
be found in traditional Middle Eastern 
housing, as well as the Pueblo structure of 
the south-western United States. Many 
such structures provided for outdoor 
sleeping courts where occupants could be 
directly cooled by night convection and 
radiation, while the interior activity 
spaces thermally prepare themselves for 
the following day. 

This mass cooling effect is maximized 
below the surface of the ground where the 
mean annual temperature is approached 
about six meters below the surface . In 
Matmata, Tunisia, living spaces were ex­
cavated below the surface, surrounding a 
sunken courtyard. This not only afforded 
thermal comfort, but freed the surface 
above for other activities including 
agriculture. 

This underground cooling effect can be 
used remotely by drawing air outside 
through underground tunnels where it is 
cooled . Often, as in buildings in Yazd, 
Iran, a wind tower is used to direct air 
flow down, through underground tun­
nels, past a fountain where it is further 
.fQOled b_y evaporation before being in­
troduced into inhabited spaces . The tower 
which is of masonry construction delays 
the heating effect of the sun on the air in­
take; at nigllt, when the winds die down, 
the heat absorbed by the tower during the 
day effects it to actas a chimney, revers­
ing the a ir flow . This allows the cool night 
air to be drawn directly into the living 
spaces and carried through the under­
ground tunnels, before being exhausted 
by the convection of the tower. This not 
only cools the living spaces, but "back­
flushes" the heat absorbed by the tunnels 
du ring the day . (Bahadori, 1978). 

CONTEMPORARY ADAPTATIONS: 

The roof pond system developed by 
Harold Hay combines many of these 



traditional methods into a single passive 
system capable of maintaining year-round 
thermal comfort in regions of moderate 
to low humidity. The system is comprised 
of plastic bags of water covering the roof 
supported by an uninsulated metal roof 
structure. The roof is equipped with a set 
of horizontally sliding insulating shutters 
over the water bags. During summer 
nights the shutters are slid away, exposing 
the water bags, which Jose heat to the 
clear night sky by radiation, to cool air by 
convection, and when the tops of the bags 
are flooded with water, b) evaporation. 
During the day, the shutters are closed to 
minimize solar gain, while heat from in­
terior spaces radiates to t 1e cool metal 
ceiling which conducts th!.! heat to the 
water bags above. 

During the winter, the shutter sequence is 
reversed, allowing the bags to absorb and 
store solar heat during the day, while in­
sulating them from the outside at night. 
Daytime heat Joss is minimized by adding 
air to the bags, creating an insulating 
dead air space above the water. 

Another strategy (Crowther and Melzer, 
1979) uses a shallow pool of water on the 
roof with a pipe connection to a series of 
vertical water tubes in the space below. 
During the day, the water tubes collect 
heat from the interior by radiation and 
convection. At night the shallow roof 
pond loses heat by radiation, convec­
tion, and evaporation. As this water is 
cooled, convection is set up in the water 
system, and the pond water is replaced by 
the warmer water from the storage tubes 
below. The process continues as long as 
the roof pond is cooler than the storage 
tubes, and stagnates during the day as the 
pond temperature rises. The pond is 
shielded from the sun by a south-sloped 
shading device, which Ieaves the pond 
exposed to the north sky. 

Pliny Fisk (University of Texas in Austin) 
has designed several projects that utilize a 
glazed solar chimney (which enhances the 
heating effect and thence the induced 

convection) to draw outside air through 
underground earth tubes . 

HUMID REGIONS: 

As humidity increases, the previously 
discussed methods become less e' 'fective. 
Evaporation is slowed, moisture i l the air 
increases "greenhouse" effect , ' educing 
radiation to the night sky, a1 d daily 
temperature variations are con• iderably 
reduced making building mass in !ffective 
in diurnal shifting of thermal loat s. Often 
annual temperature variations tre Jess, 
reducing the effect of earth-air 'leat ex­
change (this would use the sut -surface 
temperature of the earth - wl ich ap­
proaches the average annual air 
temperature as a depth of 6 meters is 
reached). 

Traditionally, the vernacular buildings in 
these regions have minimized mass, max­
imized elevational openness and 
perimeter area to promote ventilation, 
and maximized shading to reduce solar 
impact. 

The author's recent research and ar­
chitectural projects have addressed the 
problems of heating and cooling in 
southwestern Ohio, U.S.A. using ma1y 
of the previously discussed principles . 

The H.U.D. Competition: 

One design is this author's entry in a 
passive solar design competition spon­
sored by the U.S Department of Housing 
and Urban Development. It won a design 
award in the competition and received 
construction funding to assist in the con­
struction of six variations by local 
builders. The cooling system employed in 
the latest variation is a combination of 
several historie precedents. 

The spaces occupied during the day (liv­
ing, dining, kitchen , study) are Iocated at 
grade level, while sleeping areas are 
located below grade. During mild cooling 
seasons, during the day outside air is 



Figure 1 

drawn into the lower level through small 
exterior windows. Because of sub-surface 
earth contact, these areas remain cool and 
thereby cool the incoming air. This cooled 
air is drawn up the stairwell through the 
living space by convection induced by a 
low mass solar chimney (used as a heater 
during the winter) and finally exhausted 
to the exterior at th! roof peak. At night, 
the solar chimney 1ction ceases, and the 
cool air settles in to the lower sleeping 
areas. 

During extremely iot periods, a separate 
system is used . , • series of six 15 cm 
plastic pipes are installed 2m. below 
grade. The pipes ri >e to grade level at each 
end and are conn cted to a plenum box 
attached to each e ld of the house. Each 
plenum opens both into the house and to 
the outside. Durinr the winter, cold out­
side air is drawn th rough these pipes and 
exhausted to the outside using a low 
power fan (a solar chimney could have 
been used); this "super-cools" the earth 
mass surrounding the pipes to a 
temperature about 15 ° F colder than 
normal. 

During the summer, the same fan is used 
to circulate interior room air down 
through the tubes where it is chilled 
before being returned to the interior at the 
opposite end of the hou se in a closed loop 

Fig. l : AIR PATH THROUGH SYSTEM 
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cycle . It is expected that the air can be 
chilled below the dew point resulting in 
not only sensible cooling but a modest 
amount of dehumidification. 

DUAL DESICCANT BED 
DEHUMIDIFICA TION: 

Because of the difficulty in dealing with 
the humidity problems using traditional 
cooling methods the author and two col­
leagues (J. Cantrell and G. Willeke) have 
been work ing on a completely passive 
solar deht midifier for summer use in 
humid areas, that would also provide heat 
during the winter . 

The system utilizes low-cost desiccant 
materials for dehumidification, and solar 
heat for regeneration and convective air 
circulation. lt consists of two identical 
adjacent arrays of desiccant, each alter­
nately used for dehumidification or 
regeneration/ convection . An apparatus 
mode! has been constructed and suc­
cessfully tested to verify air flow. Severa! 
desiccant materials have been tested and 
evaluated for use in the system. 

PRINCIPLES OF OPERATION: 

This system consists of two identical, ad­
jacent solar collector arrays of horizontal 
screen trays filled with a dark, granular 
desiccant material. 

,_ . 

~ 



One collector array is covered with a 
glazing material and is exposed to solar 
radiation which heats, dries, and 
regenerates the desiccant material. The 
array of horizontal trays is arranged in a 
"stair-step" configuration to maximize 
;olar exposure and to allow solar-induced 
.:onvective air flow to pass through the 
desiccant screens, enhancing the drying 
process. This heated, moist air is then 
vented to the exterior. A reflective 
horizontal panel below enhances solar 
collection. 

The opposite array is covered with a 
~eflective, insulating , bottom-hinged 
'1anel (for insulation from solar effects). 
1-::ool, moist air (from some external sen-
5ibJe cooling source; e.g., an earth-air 
heat exchanger or evaporative cooler) is 
drawn through the desiccant screens, and 
its specific humidity is lowered. This cool, 
dehumidified air can be used for building 
air conditioning . 

des1ccant 
dry air 

insulating 
shutter "'-· 
closed ;;, 

air 
desiccant 

glazing 

••fl•c; 

' 
Fig. 2: DESICCA1' r REC.ENERA TION 

Air movement through the entire system 
(i.e., the sensible cooling device, the dry­
ing array, the build111g, and fin ail y the 
regenerating array) 1s induced by the 
solar-heated con ' ection in the 
regenerating array . W llen the desiccant is 

. ·',J'..· < •. X . 

air 

Fig. 3 : DESICCA TION MODE 
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Figure 2 

Figure 3 



Figure 4 

Figure 5 

exhausted, the roles of the two arrays are 
reversed by moving the insulating 
covers/reflectors and changing <lamper 
configurations . 

During the winter, both arrays could be 
used for solar collection; heat would be 
stored in an adjacent rock storage bin. 

air 

/ 

Fig. 4: HEATING FROM COLLECTOR 

The authors feel that, of the desiccants 
'Studied so far , the activated charcoal is 
preferable for the present system. It 
regenerates readily in the pertinent 
relative humidity and temperature ranges, 
can be recycled indefinitely, has inherent 
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Fig. 5: STORING HEAT ; 
HEA TING FROM STORAGE 

characteristics make the system not only 
attractive for summer dehumidification 
but also for winter heating . Although not 
the subject of the present study, it is 
speculated that performance might be 
enhanced with the addition of a fan unit. 
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