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Natural convection can provide adequate heat -
distribution in wany sftuations that arise in .»¢ ,,\}é
buildings. This {s appropriate, for example, in~ d?x.a,
passive solar buildings where some rooms tend to. -
be more strongly solar heated than others or to , p‘.,.,,tlb"":nblaf Hcmn'.y
reduce the number Of heating units required in a I kS
building, Natural afrflow and heat transport 4 , - The Naturo of comlectfve Exchange
through doorways and other internal building i Li e watinrough Apertures
apertures {s predictable and can be accounted for . - T
in the design, The nature of natural convection. . Buoyancy-nriven Flow
{s described, and a design chart s presented ...  iv/i Juiys wgstrivon roins - Sl
appropriate to a simple, single-doorway sﬂ.unt{on. ».w : & f two adjacent sgaces connected by a doorway -
Natural convective loops that can occur in build-. “#% thruugh the common wall are at different tempera.-
ings are described and a few des1gn guidelines are 3. tures, & natural convective exchange of air will
presented, et inus.Arg S350 occur through the doorway. Warm afr will flow :7;

- 3 tarough the top of the doorway into the cooler
room and cool afr will return to the warmer room .
. through the bottom of the doorway. - The net effect '
. 15 to transport heat from the warmer room to the
wi: cooler room, unding to decrease the temparu.un
differunco. Lonidise whure
T ? o
g A typical afr velocity proﬂh observed in & “*
+¢ doorway 1s shown in Fig. 1. The two counter. . . ;v
‘43,(‘\ current air streams through the doorway are well
,;"'“ behaved and do not mix appreciably. The flou P15
gﬁ;{;‘ hlém\fv:‘, a"d s 2hk el
2 TYPICHL VELOCITY PROFILE

, 1s an udequate mechan{sm for heat dlstributfon.
- and one does not need to rely on complex and . |
“expensive mechanical equipment and controls of '
questionable relfabilitye wmer: - o0 G4 02"

%
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Introduction

. Natural convection plays the major ro'le for ;
distribution of heat in many passive solar build.
ings, especially those that employ sunspaces or ‘.,
atria as a solar heat collection element. Another .-
example fs a single remote room on the north side A
of the building. This convective exchange usuale*
1y involves normal architectural elements such n
doorways, hn'lways. rooms, and stairways. . .o

st alrdnyt .
Los A‘lams has measured dau tn 12 actual ¥
building geometries to thoroughly understand th‘ls
complex process, Detailed measurements of air.;’ s
velocity and temperature have been used to deter-
mine afrflow rates and energy transfer rates.-:We ‘5% g 6@ p
have found that large natural convective exchanges a8
occur with modest temperature differences and that
one often finds a convective loop around the pas-
ssges of a two-story geometry,:-We find that oss.i3) Y [rCREe
building geometry and aperture sizes have a major ic ) E t P ?
influence on both eneru exchange rates and there- F{¥' (9
Iﬂ coafort., byth " Rachangs A ‘

Wl

i
Simyh rehtfnnships hln been devﬂoped to
predict energy exchange rates in particular situe
tions, and these have been confirmed based on 1y
. experimental observations,. These relationships
can then be used to develop design charts and
aphs suitable for use in the layout of builde.
- ings. Yhe rosults have implications not only to :
i passive solar heating, but to natural cooling Ww¥
... tachni quu.:gjn many. sftuations, mf.ur:l,cnnuction
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nlochy |pprouhes zero lt the door ﬂdpoint and ~r.?“k

s
‘, ¥

increases as the distance from the door midpoint ..
increases, reaching a maximum fn one direction at '
the door top and in the other direction at the

door bottom, The velocity 1s proportional to the
square root of the distance from the door midpoint -
and to the square root of the temperature dfiffer. , =
ence between rooms. If the rooms are reasonably
airtight, the top and bottom halves of the curve
are symmetric and the airflow in each direction

will be equal, Streamlfnes are nearly horizontal
in the doorway, and the boundary layers near the
doorway edges are quite thin,

SR
3

e

] o

This 1s "}

“The airflow s buoyancy driven,

becauss the air in the warm room 1s Tighter than ="

\{l\‘.f"‘h""

:A_a

the air in the cool room and, thus, will und to
rise, while the air in the cool room falls,

the partition between the rooms were rmved, "l
creating one large room, the afrflow would take on
a simple circular pattern, However, the presence n
of a partition with an opening that is much smal., i
ler in area than the partition creates a major
flow impedance between the rooms, and the openfn
becomes the governing elemeni that controls the .
rate of tntry tﬂnspnrt...-n; m;e tintroly . th,

. un!x e : = . 5
o A Example S et N

y '_"-.'“'“ Natural cmvectim tnergy transport rates can $ov
. . be significant, as an example will show, , Suppose 'ﬁr"
“.that two rooms are separated by a partitfon that ..

. 1s 10 ft high and 20 ft wide, and the aperture i3
. & normal 6-ft 8-in. door 3 ft wide... The pnrt‘t!on >

- area 1s 200 ft¢, and the door area {s 2D ft2, . r‘.‘,,-;
* If the temperature difference between rooms is .
> 6 l-'. the follwing will result {at sel !-nl]
Vi =%
Mrﬂw - 380 cf- and
Energy tﬂnsport . 2440 Gtuﬂ'l. u

f- :

4 .
I

Compare tMs tn conduction thrmgh ﬁ\e nn Sup- "
pose that the U-value from room-to-room 1% 0.4~
Btu/ft? h °F, typical of an uninsulated stud- s
frame wall, The conduction heat transfer {s,
therefore, 0.4 x 6 x 180 » 432 Btu/h,.. This 13
fess then 1/5 the convective transfer rate, The 2
heat transfer rate, per unit area, {s 51 times

- greater fnr ﬂln ‘opening than for _the plrt‘ltio

7

) "lpertnrt and on the room Co-room temper

% i, ference, AT, weasured at the same elevation in ‘r'@“
"each room ,. The following simple equation can be °

‘?. used to estilct. ‘U‘Il airflow for : si-plo rectan., &

MLl
Rt
e
- 1" 1)
V.= vo‘lmtrie ﬂu 1n nch d!mtim.
i W "w door width, ft.
h = door height, fE, an i
AT ‘= To0oR-t0-ro0m umrn.m difhrm'. Foige

fs‘diﬁ?W&u e e

l:n'l‘laboraud by omﬂmm observationpThe i

ature dif.

3

';-Jv;’* Y . I.” w

viy

i S The number 1.08 fn shis

-+ change,

et

* afrflow does not depend on air density (which
“ varfes some with elevation) nor does it depend
apprecfably on temperature stratification that may
be prnunt in the rooms.

e

Enerﬂ TrlnsEurt

Energy transport {s determined by the airflow
rate and the difference between the mixed-mean
temperatures of the woper airstream and the lower
airstream, If the a..flow rate is ¥ cfm and the
mixed-mean temperature difference between the
upper and lower airstreams is aTq 'F, the energy
transport, Q, is simply,

L q. (l.ﬂa](vand" Btu/h.

squation is the heat ca-
Ra:tty of afr (Btu/ F ft°) at sea level, At
{gher elevations, the value will be less in
d1rec1‘. proportion to air density. aT4, the tem-
perat.url difference between the upper and lower

. air streams, 1s usuvally close to aT, the room-to-
room temperature difference. If mcn two are

. equal, then ,. ! '

thar

'QI‘-\'! bhin

Qs 3.2wyfinamd

v \'\)\‘ pe iy .'.-3

* We have observed in our experiments that tem-
peratures in the two adjacent rooms will usually
be stratified when they are linked by a convective
exchange through an vpening. The degree of strn-
{fication will depend on }hT rate of heat ex-
stratification will tend to ennance the ° :
rate of heat exchange because 1t increases the . ot §
temperature difference between the upper air .
stream and the lower air stream, aTq. Because
the flow streamlines are geierally not horizontal
 approaching and leaving the doorway, the mixed- ;
wmean temperatures cannot be determined easily from
the stratification profiles but sust be measured
experimentally, This has been one of tho objnc.
tivas of the Loz Alamos oxpcrinnts. !

2
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& I s‘lngh remote room ina huﬂung ‘can often
- be adequately heated just Ly matural convection.;:
d fro- an adjacen? heated space... Based on the lqul.
‘tions given earlfer, we can relate the temperature
difference from room to room, the room heat loss, :
and the aperture geometry, The recult 1s a design
chart as shcown in Fia. 2. Lo 44 L
Y aw Thisern
»J‘ As an cxanp‘le uf the use of this chart, sup. °
se & remote room in a building has a design heat
oss of 5000 Btu/h and that, under these condi..
t1um. we are willing to alfou an average room

ey b 1 e

\f,

' temperature 2°F below the temperature in the rest '’

_that a door width of 32 inches is needed t2 pro.
vide sufficient heat transfer by natural convec-'';
tlon through a standard 6 ft 8 in. door optnlng."j'_g

Wh A AtAtcard € G ¥

r(

% of the building, ' Then, from the chart, we ll.wi‘-
s
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a twoestory-high sunspace and the attached two- :
story house. One way to describe such a loop 18 "_ o
a "heat engine.® Heat 1s added in the south |

= withdrawn on the north side. Air flows around the i
% loop because of the dffference in densities ... Vg

we can calculate the fV. - . *= based on the dif- ,f'.‘;
Tegs. It s also pt .« heat to be removed
along the top leg of the ‘loo? this is partfcuhr-.
1y effective in driving the loo 3
north leg. Lastly, it is possible for heat to bo'- '—m‘,,.'
very effective in driving the loop because 1t does

not contribute to the 1ncr¢asu¢ density in the
north vertical leg. i Sl

.L %% been made fn 12 buiidings that incorporate nuural A2
g convection fnvolving a sunspace and other archi-. .. LA
*¥. tectural features, In most cases convective .
‘1" 'loops are inadvertent; that is, they were not in.

ﬂr " tentional or even perceived by the owmer or de- ..
”3—’% h _signer, . Measurements were sade near widday during

DT= )

relntivdy sunny weather; & summary of these re- .
& gults for six houses s given in Tadle 1. - The - _,
" results, which will be reported in detail in fu.
<2 ture Los Alamos reports, have been very encourage
- ing, 1ndicat1ng hrgu convective energy exchange. *

rg?tlh hm found that the observed natural cnn.‘,':f' 2
i vection {s quite predictable using relatively .. """ !
: "‘jgi simple models, - In the future we plan to ﬂistﬂ‘l e
- the results into simple dcsign charts, similar to

Seoe 1ee0Q ...15000 .. 20000

- - Ve F' . 2. Pl y ,1 Mo joe 3 O
- - Fig. 2. Destgn Chart for Doorvay Nidth Needed 0" “‘i" ' ""’ RIER At fﬁ,’ﬁ“’ £ il "“’b
Heat a Remote Room by Natural Convection, ' ‘.»; i 71 g
The Assumed Door Height 13 6 ft 8 in.. ;,,f. 3 J" «ﬂ % w_ ol Desfgg Gufdaﬂrm st _
o, AR A‘Ithwgh the work described here 13 3811 1o §
Natural COnvectfve Loops : i rogrcss certain desfgn guidelines emerge clear-
PR - i S y. It ‘s evident that a major amount of heat can
A convective loop, shown in Fig, 3, is between be distributed and stored inside a building by . .,

;'\ convection from a sunspace, The major driving ,
" mechanism for this convection {s the heat engine,

= .. driven by solar heating on one side and heat re-.
" moval on thz opposite side (both by heat storage
in walls and daytime heat losses).. 1f the design.
er {s fully aware of the principles involved, the
design can benefit most froil effcctiu convective
exchange. ;, tonagi oLr o L TR

the loop, and the same amount of heat 1s” -«’Gw

the south leg and *° ) north leg, In fact,

R o
'.%5‘5? The l:ey desiga factor {s proper 'lqyout of the ' ./
building so that convective loops can operate efe ¥ -

‘- fectively. This can usually be done witnout ag"‘f.

= architectural compromise, In fact, in most casu

studied, no conscious attempt to achieve a convecs §

in average * "a. %, between the two

p because it M-

{tive loop was made; 1t resulted, strictly in sers;
. endfpf tous fnshion. fro- architectural consideu-

",tinns. ﬂmff i, SR umfum‘{_ 2060y

along the bottom return leg; this fs not .t

;g-e

‘ <

el e AT designing for e convectivo 100 00ps th i 'm'-'-
2 v e A i designer should make multiple use of unding ot LR
- + ¢lements as much &s possible.. Do not contrive &’ o

onvective Toop for 1ts om sake but rather try to-. .
Ework it {n with normal traffic flow..’The follw-ag -
ing 1ist gives desifn hints for one type of conai# - .
vective loop, starting with the source of heat an AROR
moving around in the same direction as the cir

o S flow, 4t'rrm.l F@.‘!ﬂ& im iz a?,“ _;qu,

” R X %
"" "¢ "A sunspace makes an cxcment heat source o Pectal
t 3 drive the convective loop because high teupﬂ'- A
atures (80°F) are available in sunny weath. .
" er, Because the flow velocity varies as the ~
- square root of the height, it is desirable to
. make the space as high as practical, : A two=.
i~ gtory buflding with a two.story sunspace lus
"~3 been found to work effectively; greater
heights would probably work even better,
ough the tendency for temperature to '

\ -
: . :
SUNSPACE ; HOUSE -~~~

: ﬂg. 3.

-"-. &)

55" scratify might be exacerbated...A dark-colored
RPN A o %m’g"*w - AEOASEEEE: mass wall at the back of wia sunspace will aid,
Typfcal Watural Convective Loop In . & 1n absorbing the solar ;ldintnn and uﬂl _|I

Tw-s:ory Houu uml a Sun the air as )
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faal TR smnv or'couvc'mon

e R LN

avt ﬂ—-’
TATA MEASURED TN SIX HOUSES
Lt fE it 'A""”‘“f"L 11';(‘,-1.

¢ Sunspace ~ Sunspace Sunspace to-House
A A Height  “30... Glazed . T ey ‘)
: YO s’ % Area g\ Conmecting - <o ot - Energy e iR
L S : .. Doorway . Typical Total Transport by
e A " Area )’ aT .  AMrflow Convection
;v # of Storfes 1 v cPM Btu/h

1680 17700

660 ' 2430

2240 15500

1670 21100

1029 5110

" Provide a Targe opening at the top of tho :un-
space for the air to enter the upper story, ..
Doors are excellent for this purpose, al t.hough
large operable windows can also be used. - ;;
Doors are preferable because they are larger ..
. and are more apt to be opened during the day.
ix. A shallow balcony opening onto the top level .,
» of the sunspace 1s a popular design element,
If vents at cefling height are used, 1t is not
necessary to close them during the night be. .
' cause closing openings at the return end will
' effect1ve1y shut off t.he loop. S lurny A o)
o MR aps s
Prov‘lde for alrflow lcruss ‘the upper hvel of
~ the building from the south side to the north
side. This {s conveniently achieved using a
halliway, al though other roons can also be

o wer ks in )

Provide for downflow of air fn the north plrt
4, ° of the building; a stairwell serves this pur..
pose fdeally,. The fact that the air may have :
to bend around corners to get across the .
- building, down the stairs, and into the Tower
l!{bwr’twﬂs of thc buﬂding is of no great con-

* porth wall both to increase the airflow and to'
‘- assure that the convective loop can effective-

7 \s particularly effective wﬁrovidc one or more ;

:1evel changes at the ground

. from the north side of the building toward the .

" south,.

wi; the Towest point 1n the loop so that cool air will
drain to this spot. '

‘-'lufﬂcunt. :

1190 4870

cem-so 1ong as the flow area {s adequate, !t. 1
{s desirable for this path to be against the :

1y supply the heat loss. .

2 R P 7

Arrange for nir return through the lTower floor
and back into the sunspace. Again, this might
be through a hallway or simply across a room.

1t is essential to jrovide a doorway that can
be closed in this portion of the path, This

prevents cool air from the sunspace from flow.
1ng back into the building, tending to reverse =
the Toop at night. Windows are not effective i
w.for this purpose because they will not allow .
cool floor-level air to return to the sunspace.

whether the bunding {s one or two stories. h. k
oor, stepping down ;
This makes the floor level of the sunspace

One or ‘%o steps should be . ;§
Ehvau plantina beds in thl :unspac!.
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