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Natural convection can provide 1d;q;~te ;;;;f·;~Jt}i;'·· h ··;,;·1·d~quate M~hanh• for heat dhtrfbution,~~i;t:;·~~·i.::;-~: 

dfstrfbutfon fn many sttuatfons that 1rfse fn ..,,.t.:if1'!?: .. 1nd one does not need to rely on complex and ., .1 :~'1:~ .';t,:f:. .. 
bufl dfngs. Thfs f s 1ppropri1te, for example, . fn /i~$":.1;t t1tpen. sht •. chantca.1 equipment 1nd controls of ·;J~~· w;:··~·".~:,: .: 
passive solar bu11dfngs .mere some ro0111s tend to . P~~·i: · questfon1blt rtlfabflft,J •. ~.,.,, :,: ·.1 ·.-•• • ; 1; .;i. t'.;~~ ,:., ·,.\,•: · 
be 11are strongly solar heated than oUlers or to 1 ·1ti,t~. • :~P. · '~"t'l~lli',; l'a]·fcHI l.H;.-, ,. · ;:.,f: _, .. · • . .. 
reduce the number ~f heating units requfred fn a 'f.ti :. ; · -. : · ·~~~r~~_..,. . "· ·$ \• ';~: ~" :.: . . --~ :-:,~~.~1", •-. • 
bun ding. Matural airflow and heat transport • t.,~ : .'" .. · .. ·~,~ The Maturt of Convectfve Exch1nge :- ' '.,~:. : · 
through doorways and other f nternal bui 1 ding ~ ,. · · .,•. t .M i+• tl Through Xperliires :._, 
1pertures is predictable 1nd can be 1ccounud for .· '," .. · :: " .... ~ .. 1· , .,,,..,.,., ,., •· .. ;;~: -. 1 
fn the design. The nature of natural convection .• , :~· .. Buoyaney-Drfven Flaw · -· · - . · . ,.: :~- · · 
fs described, ind a design chart Is presented ... ,·· \~'!lirr 11,.u'f..~ , 4 •c;r1 •"" , , ,., • • - ;:fl~t.,· ·· 
1ppropriate to 1 simple, single-doorway situation, · ~.:Jri:.~~ 1f M 1djaeent spices connected by 1 doo~ -:~'° .. ,, · .. 
Natural convective loops that can occur 1n build-, ·1;~-_ .. through the conman 111111 . art 1t d1fferent tempera"..1F·.) >· 
1ngs In! described and 1 few design guidelines art :~: ~ tures, a natunl convecth• uchang1 of 11r 111111. ... ~·t " . . .. :• 
1iresented. ' :r.· ·:1:"1 ' nv.9 t!q i' , ·occur through the doorway. 11&1'11 1ir 'lf111 flow l T'! l:~ r · f' · 

· .' .... :· '"~ .. .,;: :. t:1rough the top of the c.loorw1y into Ula cooler "'ff! . . · 
•• . ,. ·• ·:-r'r: :J~~i~ roo11 and cool air 111111 return to tht wal'ller roOll °l;.'f' '. · · '_ 

~- -~ • ·: Introduction : . , .... :J::.~1:~. t-1 t.'lrough the bottOll of th• doorway. · The net effect .:;~, . '. 
--~·, ' ' ·:r~ ... ""-?'.1:~tb:~ . ~'Ii,:; 1s to transport heat frOll the war.r roOll t.o tht "(. ;1

." • • 

.-~ . . Natural convection plays th• 111ajor ro1a for .-:,~,~ iw cooler roo11, tendfng to decreut tht teiapenturt ·:.'. 
d .. distribution of heat fn raany passive solar build-}~~"'~-:#:·. ~ dlfferonce •. 11 1,:,, ,J; .; .. .. ". ._ .:· · •. ·.~ 11 1,,;''<' ·~:.:-: ' · 

>iJ· -..: ings, espttc:1a11y those that employ sunspaces or :1, :.>'h• ·· ':; tli f l .. ,...~ . •·:-:''' : 
"~•. {- ·~· atria u 1 solar heat collection element. Another -~~~~· - A typfc11 an• velocity profflt observed 1n 1 :J 
· ;~~ - · · "· example fs a single remote rl'ont on the norUl sfclt _ .... ~~r- doorway ts shown fn Fig. 1. Tht two counter- . " fi': 
~~~'-::._:•; of the bull df ng. This convective exchange usua1~:1~·j~~ curren.t air streams Ulrough th• doorway ire wen ·'. ~~; 
:.-..:;. .,:\!' ly involves normal 1rchltectural elements such II •t ~ behaved 1nd do not •Ix 1ppreciably. Tht flow , 11 ;l;t',.· 
. ~'t..; ·•(.,., doorways, ha.llways, rooms, ind s.ta1rways •. :;1.1~t.ft'fiir2· . "~,,: i>'Q. I ,.., .. ~·r .. ..,:iJI. ~ . :. ' "" ~ r: • • •. , ·:. 
~' ~1 -1 • ... \. I ..... . . . ;ti~i,.-;.l}fy ~ . i ~ · ~-~--( · . - .. ~,~~ .. ~ ........... . T I c T 
7·:;: · '· .' Los Alamos has 111easured dat& ~" 12 1ctua(.::-,./· ::~.. ~~? ~;. 111 · YP CAL V LOCI Y PROF'ILC 
·.· j " building ge0111etries to thoroughly understand this .;~· ·!;;:,~·;,•.~J..;o ; • ·' • · ·· 
.. 1 complex process. Detailed 111euurements of 1tr)1·' ~..,, ,.,y,. . ·• ., •. 
.... ; veloc;ity 1nd temperature have been used to deter. ·,:~::-: ._ : · 
:'! .5. 111nt 11rf1ow· r11tes ind energy transfer ntes ;,..-1,Vt :l«?']l;. • .s:. · Se 
:; ·~ . hne found that large natural convective exchanges . :~'. - · u l!J: .. 
:~ occur w1 th JOdest temperature differences 1nd th1t . ~;l;i, ; .... · l '; . 

. :i, · one often ffnds • convective loop 1round the pas~ >*-;Ji.1' : .,;~ .. '4! · · 
,\; ::. sages of 1 two-story geomttry.:d le find that ri~!C·J~ .,o-. · • -. . , 
_t; ~~· · bufldlng geometry 1nd aperture sizes have 1 •jor .: • .. :-r. ~· .: ·f l" 1• > ,,,,,..,. 
"·r · 1nf1uance on both energy 1xch1n9e nus and ther··'\ · < <:i ... ;--. '. ••••• 

•• ;<~,:. . ul COlllfort,., h1JI)'. . .. · · · 1/- ~1t1..:;i.11~~<' "'i" ' ~'f°:i~v ~t:!Jer .. '.;~ "'")_ ~ H . : .. :~ · .:·-+f. i:·-. : '°;i~~ ··· ·.r't.-.... · ~· . .. ;:~:· ~?~ 'l\•~'f:~:"~\l;- ,. ~ :C _.. ;; t,; . · ~ ·· 
--:;t•h': · Sf mp le relltfonshlps hlvt been developed to " ;._·• If.· . ~,':;''-. . ':_ . 
~f "[:., predict energy exchange rates in p1rt1cullr 1ftu1- ; ·~~.;.':'lt~··9 .__·'-.!:_-... -... -------~---_--. ...... ___ __.. ___ __.: 

. ··tr.' ·~ tfons. 1nd these have been confirmed based on "IJ ~~ Ji.''(\V/:. . . . . . , . :"11 .\· expertment11 obserntions .. These rtl1tfonshipl ; ·'.:. !ii. ". ~·<~; .. -811 ~: £ •41. ~.,..,..:.. . I ...._ ~:·~· 4''9 -:._., j'f.::.~.~.11_;~· 
.:~E" ._. · can then be used to develop design ch1rts ind "f!/. • '.'(}i(~~!,0).i.\ " -~ ·VELOCI~Y, fpm ~.«.\11~~7-: i~~~~· .. ··:
1
~~-) ~ 1.;- graphs suitabl1 for use tn th• layout of build- .. :~,-:~. · ~·~s*A. :,. .r'i'! ~ - ... '· "i:CC·t:r.:v: .. ,f..ht~•.: .. ~1.1<1'.~·~~ ~ 

· ·;;.# ,1,1 .• ,·~- fn9s. )"ht rosults hnt h1plfe1tions not onl1 to ;, \t.Ftt. 1·~ · .. 11tural Afrnow y1toctt1t1 fn • Typ1c1l · ... 
... ~;, . · ~ '- ''!" .::·pustvt sot1r· heating, but to n1tur11 cooling ~ : · . '' ~~ Doorw11 "'tth 1 ' F., T111P1r1turt Dtff1rtnct 
:r!~. -~;·1~~h'~ ~~.h~fq~~~•-·l~~~!-~.,J.nal¥r&~conv1ctfo11 :
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.. .·~., .:· ~~!f\(\Y.~~t:.::; •:".• ··:~,,~) .. · ... 
•t1oc1t.Y approaches zero at tht door llidpofnt and ~t~:1 afrnow d:>es not depend on afr densfv (whfch 
fncreases as th• dhtanct fro. tht door atdpofnt ·!···· ... :,: ·· Y1rfes IOlll wt th elevation) nor dou tt depend 
increases, l"tachfng a •axt ... fn one dfrectton at .,.,t.: ;:;·:, apprtchbly on tellptrablre 1tratfficatfon that 1111 
tht door top end fn tht other dtrectfon at the ... ~ ,:1·• .• be present fn th• roams. 

, door botta.. Tht nlocft,y fl proportfona\ to tht ::~·' · ·~ • 
1qual"'9 root of tht dhtanct frot1 the door •1dpofnt .·~ 
end to tht 1quar1 root of tht tenrperablre dt ff er. 1. ~;: • [nergy Transport 
tnce· between roOMt.. tf the roo:llS art reasonably . ~- ~· 
lfrt1ght. the top and bottot11 halves of tht curve . ·... [nergy transport h deterained by the airflow 

·are sya1etrfc and the airflow fn etch d1rect1on :;· rate and tht difference between the •txed-11ean 
wtll be equal. Strea.ltnes are nearly hor1zonta1 .. ;' temperatures of t.'lt 11opl!r afr5trea• and tht 101ter 
1n the doontay, and the boundary layers near tht . " 1ir5tre111. tf the a •. flow rate fs Y cfll and tht 
doorway edges are quite thtn. , , ·~ . ~·C' •hed-mean temperablre difference ~etween the 

,. ·•• • • . 1, • upper and lower atrstreaas fs •Td f, the tner!D' 
~- - . Ttl• atrnow fl buoyancy drhen. Tllh h x.~ .,·.. . . transport, Q, fl 1f11ply, 
~. - ~ f. becauu th• atr 1n tht 11ana room fl 11ghur thlft }"""."·" :.;·,,, .... - : .. 
~ )·•-; tht afr in tht cool r0011 •nd. thus, w111 tend to ·, ~· · · ,,. Q • (1.08)(Y)(ATd), Btu/h. 
-t. • '. rfse, .tlflt tht afr fn tht cool room falls. If_/~f .. 

·~·i :- tht partft1on between tht rOOlll wtrt r..,ved, J f' o":~ Ttlt nlllllbtl" 1.08 fn ~fs equatfon h th• hllt ca • 
. ~ .~ ·: i'h creating one large room, tht a1rflc. would taltt Oft fij}. pac1t.y of 1tr (Bbl/ f ftl) at sea level. At 
·=\. · 1~ . a sf111plt circular pattern. However, tht presence·· •'. higher eltvatfons, the value 11111 bt leu tn 

~ 

·:~ .r. :· {:l . of a partf Uon wt th an opening that ts .,,h sul-,, · • dtrect proportion to air den st t,y. iTd, tJlt ttll-
'{f:~ . ·•t-.{~ ! :·. ltr fn 1rt1 than tht partttfon cr11u1 a uJor ~ ;..r~. ~~ peraturt d1 fferenc• between the upper and lower 
~1 -:,·.,'fii1.-: -.... flaw 111ped1nct between tht roon, 1nd the opening ·~~· atr: strea1111, h usually c!ose to AT, tht ro011-to • 
., ··:· ~ ;fi~. btcOlles th• governing eltMn\. that controls tht 1,.1 '>..... roOll u11per1blrt dtfferen .. t. If U!Ht bro are 
:., "-1.~.;?lf.•f ·: · rate of energy transport ....... 111 l • .,~t ~b:llltrol• · t.'11'~ .' ·'~!. 1f.;; equal , thtn J~.. ,1 ,· · : .. 
·i -... ~·:'J :· ~4~~ - .. • ..... , #' • ., • :.. • •• .., -~· - ' • .~.\-, t'l-.t: 
.,-:- . :A · ~~r.:· An txmpl• · ·: . · • ·<'.!· • - .-. ·~~·. ;~~.,..... ~· f- -iL· i :·····. ... Q • 3.% w '1(hi.Til • 
• J,~;-~~., .. t_:J~ .. "I·· , I' • ~ · ! ;.;: .. _>~ ! . . ':;..~·. -:;,': ~;,".,. ·;&:f~~_. t .. -... •. >~· f,~ •·-..o:-( 
., • .t . .... 1~· ., ... ~ .... .. lJ\l! • ·"" t 'tth •\ :oo.;o,, 
':, ic• :r,i•, ., •.: 'l!-"~\·I', ~: latura1 convection energy transport rates can ,· .•. · ~ ·•. ·· ii 
~ ~- ·r·'-; · . <~ ••. • bt sign1ftcant, as 111 example wtll sh<*. , Suppose ,~: Stretfffcatfon 
~· .. !!. ::: , ,:: '.:; that two rooas are separated by a partttfon that 'f/..~;v,..,._-; .. ... ~, 
~- '• '.,;,, : . fl 10 ft high and ~O ft wfde 0 and the aperture ts · ~~t:· •! ,_ We have observed fn our experiments that te11-o 
.(. ,, .. ,~ ~ ,,_., • nomal 6-ft 8-fn. door 3 ft wt de . .... The partition ~Ji. peratures tn the two adjacent rooms wtl l usually '· 
1~~ ·. · '~t .• area ts 200 ft2, and the door area ts 40 ft2 •. l t!~-i. i"/~: be :strattfted when they art ttnked by 1 convectht ·;:. 

.~~J. ..... ~ · ,,,-::. I! the temperat.ire difference betMeen r00111s fl -. : •~:~-.,,?·f· exchange through an 1.1pentng. The degree of strat- • 
·?}'41 •\fo;; ~·.~.:~, 6 F. th~ following wm result (at 111 t11vtl ):,;t~~.'.~;;. fflcatfon wtl I depl!nd on th' rate of heat ex- 1 •• , :: 

~1· · .F'.:':t: ·"" . . •.1, ' .i . ·' -..:1: 1u··~=~~il1t :'f~~~~: change. Stratfflcatton wtll tend to ennance tht .~¥ ·.'< 
;' ;",,.~ .• ~~ ~ ·_ · · A1rncw • 380 cfll. and ·~·;"t."ff..~. . .~~ ~ · ·: rrte of heat exchange bec1us1 ft increases tht , .: .. ~·: 1 
.~ .~, !~ :: · · . Energy tr1nsport • 2440 ltu/ll. <' '.- ~~·~ • /;~;~- temperablre difference between tht upper atr ,. ·,: t 

-:~ .. ~ .. . -~- · .,... . ... - .. "· ·..., ·· ... 1 ,.~~~~ 1tru11 and the lower atr streH. aTd• Because · .: i 
.< .• ', 1~:. ·~k;J-<i:· C0111pare thfs to conduction through the wall ; SUll·.J.t ¥: the flow 1trea11111nes 1rt gei,erally not horizontal _1. 
lj .- 1i~-.~f,· .'. pose that !h• u-valut fro. rOOll· to-roa. 1s o.4 c.vJt,.~- .;,_approaching and leavfng the doorway, the •heel. ; .· t 
· : '1-~. Btu/ft2 h F. t;yptcal of an uninsulated Ibid- 1""~'.~1 11ean te111perablres cannot bt deteratritd eufly fro11 ' 

;.':- .:. :,• . . fr .. wall. Tht conduction heat tr1nsfer is, -.;&1~.·~-l, tht strattf1cat1on proffles but ...,st tie aeuured ,, 
· . .. >1~{{ '• :· therefore. 0.4 x 6 x 180 • 432 Bbl/h. , •. Thfl fl :;J>~~ ... ~ txptr111ental1y •. Thfl has been one of tht obJIC•; ··;\'., 
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