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mE FEASlBn.ITf OF USll;G l'DDELS fOR PREDETEBFl:ilNG NP'IURAL VElITILATION 

Introduction 

'Ibe advantages of utilizing the na~ural .'\\1.nd to 
ventilate buildings have long been recognized. 
particularly in the milder climates. However. 
little work has been done to es~ablish methods 
for predeterrnjning the natural air flow patterns 
for ventilating proposed buildings. The devel
opment of such methods is the objective here. 

In order to develop the methods "Ihich are to be 
utilized in predetermin1n~ ventilation charac
teristics, it is natural to turn to the field of 
aerodynamics. l ,2.3 'Unfortunately. few studies 
in aerodynaI:lics are useful in t.i.is study. Since 
the use of models is very important in gny aero
dynamical study, the pouibili ty of utilizing 
models in the study ot ventilation characterist
ics should be investigated completely. Most of 
the early work which was done on the problem of 
determining air flo'\o; patterns by the use of mod
els employed simple geometric shapes such as 
spheres, cyl~nders, and rectangular parallelepi
peds. With the advent of the airplane. aerody
namicists turned their attention to the host of 
problems l'lhich this medium 0 f transportation 
raised. Thus, most of the models used were sec
tions of airplanes or complete airplanes, and 
the air speeds' employed were much h~gher than 

. those f'ound in natural ventilation. Therefore 
ltOst of the work done with models in aerodynaIt'.
ics is of such Cl nature that ,it 2:ives little in
formation concerning their use-in the study of 
natur~l v~ntilation. It is the purpose of this 
report to give c:n abbreviated sU!!U!lary of the 
~~eoreticalbasis for the use of models in aero
dynamics anq to describe the results af a series 
of experiments which indicate that the use of 
lr.odels in the study of natural ventil ation is 
feasible. 

Since only the -ventilation patte:'l1s C"le to the 
natur21 l\rind are to be investigated, :...; is nec .. 
essary to confine this study to buildings of 
n:oderate ceiling heights in order that the ef
fects of thermal convection may be negligible. 
This should be kept in mind throughout the fol
lowing discussion. 

~ ." " .... 

INumhers refer to Bibliography at end of report. 
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'1' R E WIN D TAB L E MET HOD 

In order to study 'natural ventilation by the use 
of models, a means of producir.; an artificial 
wind must oe used. The device which is used for 
this purpose at the Texas Engineering ExperL~ent 
Station is the Air Flow Chamber, ~hich is essen
tially an cpen throat, closed circuit "'rind tun
ne14,5,6 including a wind t8ble 8 feet 'wide and 
12 feet long upon vnich models are tested. See 
illustrations on following page., 

The inlet is specially designed with eggcrate 
louvers, and cheese-cloth screens to insure uni
form air movement inmediately above the top of 
the ~nd table. An attic fan in the opposite 
wall ex..1-).aus ts the air from the chamber through 

"the air washer I and into the return air circuit. 
The air washer, consisting of' water spra'Js cmd 
an excelsior mat, serves to remove most of the 
undesira.ble effects from the air caused by the 
use of titanium tetrachloride in the chamber. 

In using the 1'rind table for testing" reodels are 
placed upon the table in the air stream and the 
resul ting; air fl,:)w patter:J.s observed by the USe 
of ti ta.'rli1.lD tetrachloride srr.oke. 

Before zr.odels c an be used with confidence for 
predetermining the natu~al air flow in a pro
posed building, information concerning each of 
the i'ollo't'dng; topics In'..lst be available: 

1. Sizes of' models and corresponding 
air speeds, necessarJ for giving ac
curate predictions of air flow pat
terns and relative air speeds. 

2.. Methods which can be used to deter
mine air flow patterns in and around 
models. 

3. Methods which can be used to I:leasure 
air speeds in and around ~odels. 

A series of experiments was conducted to test 
the reliabili~J of the information which is ob
tained by thf; Wind Table Method. Accounts of 
the experiments concerning the above topics are 
brought forth in the follo\"/ing sections. 
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ABm Dn!tMICftL BASIS USE OF IDDELS 

According to accepted aerodynaroic theory I 7,8 a model 
should give the same air flo'.': pattern as a full-sized 
building if the follo"ring concH tion is satisfied: 

'!hat Reynold' s t;u::ber is the sane for the model 
as for the full-sized building- Reynold "s Num-

b R vh;o ~ t' d t f th· d er, = -, ... S :le pro uc 0 e SJ.r spee , 
.Ai 

some dimension, ald tile' densi'ttJ of t..~e air all 
divided by the viscosity of the air. 

It may be observed that if' the densi t<,{ and viscosity of 
the air remain constant, the smaller the model, the high
er the air speed vlhich mus t be used to te s tit. Thus, if 
a model 6 inches high is to be used to predict the per
formance of a building; 14 feet (Hi8 1::ch9S) high, "~then 
the speed. of the "{dud is 2-~' miles per hour, the relation 
must satisfy 

(Air speed for model) (Height of Itodel) = 
(Air speed for buildL'rlg)(~eight of building) 

(v)(6) ;: <*)(168) 

(1) 

(2) 

v = 70 miles per hour, 
minute.'" 

or slightly over 6,000 feet per 
(3) 

At this or lower air speeds, char1ges in the density and 
viscosi ty of the air are ver,{ small, thus the assumption 
that the densi 'bJ and viscosi't-.f are constant is justified. 

A'serious objection to the use of very high air speed~ is 
that comparatively strong exper.sive models m~st be em
ployed. There are also '0,\'0 objections to the use of ver.l 
small models. First, tp.e s.ir flow patterns are difficult 
to observe, and second, air speed mea~uremeT.ts inside a 
ve ry small Itod e 1 are almo s t impo f1 s i bI e to make. 

In order to make possible the use ef very cheap ~odels, 

it is desirable to v:ork with air spoeds which are too 
slow to satislY the relation that the product of the 
height of the bu.ildil'lg by t..'1e ".'find speed expected shall 
equal the product of the height of the model by the air 
speed used in tes ting it.. T.i::..ere is J hO\':8ve r, a ve':'',f de f
inite possibili't-~ that the patterns may not change appre
ciably over a considera.ble range of the produc t of the 
air speed by the height. To test this, bvo series of 
tests v':ere run. The fir:.t series of tests was on interi
or air flow patter~s, and the second series was o~ ex
terior air flo\'! patterns., 

* 1 mile per hour • 88 feet per mi.'1ute to • 
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INTERIOR A ! R F L 0 Vi PATTERlJS 

The first tests of this series we~e run in a 
~~ll-6ized buildi~g. This building, 30 feet 
long; by 30 feet wide by 14 feet high, was 
buil t on a!l open plain and constructed so 
that the fenestration could be changed rath
er easily. It was also mounted on wheels 
vih:i.ch ran on a circular track. This latter 
a!'!"a..'1fsment penni tted the orientatior .. of the 
building to be changed at will so that the 
wind could be made to blow past it in any 
desired direction. This rotatable building 
is usually referred to as the ~xperimental 
B,.lilding lJ and will be so called in this re
port. After a number of different fenestra
tions h~d been tested in the Experimental 
Building, the same fe;c,estrations were then 
tei!tecI in a model which was built to a se ale 
of 3/4 inch eqt1als 1 foot, or on a scale of 
Ij:i.6 of actual si ze. This g8ve a model 
which W8.S about 2 feet • .,ride.. See photo .. 
graphs of the Experimental Building and its 
ll".odel on the following page. 
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FULL SIZE BUILDING 

MODEL 



Most of the fenestration patterns gav~ the s~e air flow pattern in the mod
el that th'!ly had given in the Expe;:-k,ental B.:ilding, but tr.ere '?Tas one nota
ble exception. The upper dra.-~ling on the opp~site page shl?ws the air £lo,\,1 
pattern '\"rhich was obtained in the Experin:er.tal. Building, and the lovler draw
ing shoWs the air £lo"'; pat':er:l whic::' was cotai:led it:. the model for a fenes
tration arrangement which was intended to Je the s~~e. S~ce there was a 
very definite possibility that the change in pattern in this isolated case 
might 'have been c2'.lsed by s~mething other than the chanse in magnitude of 
the product of the air speed by the height of the building or model, a care
'.tUl search for possible causes of the variation '?fas made. Finally, it "ras 
noticed that the inner edges of the windo'ws projected a little farther in
side the wall of the model than they did in the wall of the Experimental 
Building. Since the model was made of balsa ~~od and cardboard fastened to
gether by meal1.S of a minimum alI'lOtlnt of model airplane glue and mEIlY commo!!. 
pins, it was veri easy to ch~~ge it so that it reproduced the a~rangement of 
the Experimental Building more accurately. The required change involved 
moving the VTindo ..... 'S horizon tally less thsn 1/8 of en inch,. but when this 
small change was ::lade, the mudel ga-;e the same pattern that had been obtain-
ed in the Experimental Building. . 

This experience called attention va~J sharply to the fact that small changes 
in a structure may cause larze chan~es in t~e air flow pattern. In the case 
jUst described, asmall change in vdndowdesign--aYtered the air flo"~ pattern 
rrom a poor one in which the air flow ~as all near the ceiling where it 
would not blow upon the occupents of the room to a good one which produoed 
the maximum air movement dovJn ne ar the i'loo r where it was e ffec ti ve in in
creasing comfort. 

These results immediately raised the question as to whether a slight verti
cal movement of the window sash and pa:le :night cause an important change in 
the air flow pattern. This was tested in the same model by moving the card
board rectangles, which represented the window i'ran:es anc panes, vertically 
'Vdthout rotation. It vras found- that s. chant;e of Fo::ition of as little as 
1/16 inch could change the direction of influx of the air into the mocel 
from inclining toward the ceiling to inclining to.vard the floor. 

!he conclusion to be drmvn is obvious. No matter what else may be impor
tant, it is essential to make the ~odels large e:lough and flexible enough in 
details of. construction so that the effects of emall changes in the design 
or the building upon air flow patterns can be tested. 'Iilis means that mod
els shOUld consist of structural frames of balsa wood to which cardboard or 
acetate sheets may be att<lched by r.ear..s of pins or glue, whichever is more 
practical. Tr.is rules out the use of air speeds ,;"lhich exceed lZOO feet per 
minute and indicates that speeds belo~,' eOO feet per minute are desirable. 

!he tests described so far were run at air speeds which ranged fro~ eO feet 
per minute to 120 feet per minute measured outside the n:odel. and they g"ve 
no indication that the very 10\'1' values of the product of the height of the 
~del by the air speed caused any import~~t ch~~ges in the air flow pattern. 
HO"lever, as will be shov:n later, the tests so far described invclved effects 
'Which depended almost entirely upon-tE"e~oietG. or shape, of the model and 
could not very well be affected greatly b~l 6i ther . sizeorair speed. 
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Different 
Rou~hly 

Shapes 
Comparable 

A I R FLOW PPTTERNS 

In order to detemins the limits \vithin 
which the product of the height of the 
model by the air speed may va~ ~thout 
int:-cducing serious pussibili ty 0 f error, 
it is necessa~ to run a large nur.ber of 
tests on models of various shapes using a 
test which depends more upon size and air 
speed than upon geomet:-y. 

_l\n import::nt pattern which can be altered 
considerably by changing either the air 
speed or the size of the model is to be 
found on the lee side of a building or 
model as shO"Wl1 in the drav;ing;s on the f01-
lo~dng page. ~ goed way to test such a 
pattern which is to be compared to another 
of the sa":le geometry, but having a differ ... 
ent size and air speed, is to locate the 
point on the ground in the lee of the 
building where the air is at rest. 'Vnen 
this has been done for models of various 
sizes at various air speeds# the ratio of 
the distance E to the distance h may be 
used as a cri tar-ion to determine whether 
or not the pattern has changed. If the 
ra.tio Elh shows no tenc.ency to change in a 
de fini te lr.anne r as the size C!!ld air speed 
are increased or decreased, and if its ir
regular variations are of the order of 10% 
or less, there has probably been no impor
tant chcmge in the pattern. 

In addition to hc.ving a criterion for de
termining whether or not t."le patte!'n has 
cha!lg,ed" it is r:ig;hly desirable to find an 
abscissa against vihich to plot the ratio 
Elh 1..'1 such a manr"er that any' critical 
values of E/h '.'Till come at c;bout t."-1e Sat".6 

abscissa on the grc:phs for various shapes. 
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111e product hv, V1hich represents the product of 
the heibht of the model and the air speed is not 
a good quer.tity to use as the abscissa beceuse it 
does not give comparable resul ts for such differ
ent arrangeoents as sho~n on the opposite page. 
If the tv;o ultra simple models which are depicted 
in these drB."t:ings are tested at an air speed of 
sco feet per minute for the point vlhere the air 
is at rest, and the blocks used are about 10 
inches square, the location for zero air speed 1s 
found to be at a distalce equal to about 2h back 
of the block in the upper dravring, and at a dis
tance roughly equal to L behind the block in the 
lov!er dra'.'ti!:.~. Evidently. a quantit-/ which re
duces to approximately 2h for the upper block and 
to approx~ately L for the lower block would be 
very advantageous as a substitute for h in the 
product hv. Fortunately it is not difficult to 
devise a qu~tity which has these characteris
tics. ~e c.esired quantity is 1;;iO times the pro
jected area ncrmal to the air flOw divid~d by ~ 
perir.!eter-past whicIl'thea~!1OWS'. Ii' it is ere:
aided to carr-this qu~ntity the aerodyncmic radi
~ and represent it by ra' the defining equatIOn 
becon:es. 

r 2A .. -. a .. p (4) 

T'lle name aerodyna::nic radius is appropriate for 
this qucntit-J because it reduces to the radius 
for a sphere placed i.'1. t.>J.e air s tresm. That is I 
for a sphere 

To see that ra reduces to 
the upper block, note 

approximately 
that for this 

(5) 

2h for 
blook 

A = hL (6) 
er.d. 
p = 2h + L. (7) 

When equations (S) and (7} are substituted into 
equation (4)# the result is 

T .. = 
Cl 

2(hL) 2h 
2h+L=2h+l· 

L 
(8) 
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Now in the upper drawing. h is very small com
pared to L so that the quantity 2r.jL is small 
compared to unity and can, therefore, be ne
glected. Under these circumstances, equation (8) 
may be replaced by the epproximation 

(9) 

In a sici1ar m anr.e r, by looking at the lower 
block it may be seen that for the tall model 

A = hL 
and 
P = 2h + L, 

(10) 

(11) 

when equations (10) and (11) are substituted into 
equation (4), the result is 

(12) 

In this c ase ~ is ver./ small compared to h, so 
that the quantity L/En. can be neglected in com
parison to u..Tlit<J- Equation- (12) can, therefore, 
be rep::'C'ced b~' the approximation 

ra~ L. (13) 

Equations (9) and (13) indicate that a good ab
sc is s a to use in connec tion with the criterion 
E/h is 

(14) 

which mGY be ~Titten in full as 

2ft. -v. 
P (15) 
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RESULTS 

In'Working with models of bui11ings, it is most convenient to express 
area, A, in square inches, perimeter~ P, in inches, and speed. v, in 
feet per minute • Accordingly, in all be tests to be described, the 
results are expressed in the above units. 

One of the simplest shapes which ca.'":.. be tested is a cube. Graph 1 on 
the following page shov~s the resul ts 0 f a series of tests run on 
cubes. '!he cubes which were used rang;ed in height from 3 inches to 18 
inches. !he lovrest air speed used was a"ooui:; 40 feet per minute, and 
the highest used was about 1000 feet per mi~u.te. The g::-~ph ShO .... ,S that 

for values of i;l\.v below 1500, the results were both highly variable 

and inconsistent v:i th the res\-;l ts obtained for higher speeds. Graph 2 
shows almost identical res'J.l ts for a square ended hlock whose length, 
LJ was 2.25 times its height, h. Note that for the cube, L/h:: 1, and 
for the second block Llh = 2.25. The results for a third block having 
Llh = 4.5 are shovm in Graph 3. The results are again consistent for 

values of ¥V in the neighborhood of 1800 and higher .. 

Al though the tests just described ind ic ate that there is a region of 
2A 

great c~nsistency for values of p-v bet-;{een 2000 and 12,000 there is 

no certainty that this consistency continues to the values of ~A~ 
which are encountered whc~ -the natural vantilation of a full-scale 
building is being considered. 

In order to determine whether this uniformity of pattern held for 
full-sized buildings, models of the Experirr.entc:l Building were con
structed, ~d tests were run on both the models and the full-scale 
building. Tnis series of tests was run't'dt.."l the roof arr~nged to be 
flat, ClS shov,'ll in the photographs on pa~e 6. 'Ihe resul ts of these 
tests, as shovm by Graph 4, indicate that the resul ts ob"tair:ed for 

values of ;A~ bet-,.Jeen 2000 arld 12,000 are valid for conditions de-

scribed by i/I.v ::: 125.000. 

!hat is. for models tested, having v8lues of }r betv:een 2000 and 

12,000, the results Viere consistent with those obtained from the full ... 
2/... 

scale structure for Cl value of -v of 125,000. These data seen to inp 

dicate t."at t.."le workable rC'nhe ef values for ;4.v is ~ ~ to 

125,000. Since these models were tested in boo tu:'.nels and the degree 
of turbulence betlo":een the t'NO tunnels V;"asno"t defir"itely kn01'.'Il, it is 
very possible that the lower limit 0 f the vaUc. rangE: !nay be extended 

'even lower by considering t!lis factor. Also, there is no reason to 
expect any variation for values which are g!"eater th.:m 125,000 .. 

 

 

 

 
 

 

 



;' 

E 
- ~=F=t=8±~U-L

I I 0 

o 

----2 
o 
I -

6-1 

+ .~ 
5 ;~ -11 :- fl 
2--~ 

1-
o 

2 

2 
I 

~ 

" 3 L=4.5h 

2 
I 

3 

3 

~ 

3 

24.9 

I ------ - --,-----·-1------- --I (- -I - I 

4 567 8 9 10 11 

4 5 6 7 8 9 10 11 

:-00-. loQ 

" 

4 5 6 7 8 9 10 11 , 
3~.3 1-6 4j.9 51.2 6~'5 7Ja 8l·2 

~ 6 .6 8 .2 9 .8 116 I 3 10 I 6 I 3 

~? 
I I· r=-IjUILUIN\.:i 

R,..3 1~.6 

---: ~ER'ML;;;L BUILDING ll:-....o 0 I . 0 ~ 
-----~--~--+-----~I----_1I----_1·----_1---

49.8 

I 
I 

'12 

12 
I 

12 

9!1.9 
2do 

-

-

o I 2 3 4 5 6 7 8 9 125 
I I 11 -----+1 2pA V (TH~USANDS)n i:=ACTUALtENGTH 130,INCHES=1 

-- --------.. -----.-. --,------- --------.-----------



<~t~1 id I-I ~~l I ~ 
o - I 2 3 4 5 6. 7 e 9 10 11 . 12. 

o~ 2 3 4 5 6 7 e 9 10 11 12 

-1.3 ~ :t=1 :r=J ++-T-t-==t=:r 
-1.0,- I 2 3 o 12 

I I 
I I 

-1.6 

-1.3 ~'I-I' ~I 
.....0 0-

r I I I 
I 

ooiiiQ 

-1.0 

I 8IEXPERIM~NTAL B~ILDING I I 

o 2 3 4 
f 

5 6 7 e 9 10 11 12 

3t3 .6 " .9 5 .2 6 .5 7 .8 8 .2 ! .5 9 .9 

T 
o .2 9 .8 16 1 3 1 0 1 6 1 3 2 0 

, I 

·r,. ~3 116 2t,9 
"D. 14,6 312 4 e 

__ -+ 2: y (THOUSANDS) I 

I 

 



Furtherrr.ore. not only is the pattern essentially 
2&\ 

iI:dependent of the values for r above 2:)00, but 

'the sa.:.-:le 1s also true for the speed ratios. 
Grephs 5, 6, 7, and 8 on the opposite page give 
the plot of tr.e ratios of the speed at a point 
above the leadinb edge of the models of graphs 1, 
2, 3, ar.d ~ respectively to the undisturbed air 
speed. in f!'ont of' the n:odels. Vfnile the varia
tion is SOrne:iihat g~~eater than in the tests fer 
the flow patterns, useful inform.<;!.ticn concel"ning 
the air speeds at vario·u.s points of the full
scale structure may be determL~ed within a rea
sonable percentage of accuracy. It seems prob-, 
able tilat mo st of this variation is due to the 
inaccurac:! of the anemometers vibich were used to 
mak~ these measure:nents. 

As an example to determine the IDl!lllIlum speed of 
air floVl for testing; a typical rectane;ular model, 
assume Cl. rr:odel hcviI:g 'a windward side dimension 
of 24 inches by 9 inches: 

Since 

then 

or v = 194 feet per min~te • .... , 

Therefore, tests for a model of this size should 
be cO:l.duc ted in a flow of air hG,ving a speed 
gre ater than 200 feet pe:, mint:. te. 

No te sts have been run on nodels with rounded 
surfaces, such as a ':)uonset hut; therefore, it is 
not possible to indicate -whethe:o or not there 
should be vari~tio~s in tne pattern of tr.is ~Jpe 
of structt.:re vdth aY) increase in size or an in
ere ase in "rind s::?eed. 
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ADDITIonAL F.EMARKS Ri R COMPARING THESE RESULTS VIIIH 0 'lHER AEroDYNAMIC DATA 

For those interested only L~ the feasibility of 
usin~ models for predetermining natural ventila
tion. the previous discussion will be adequate'. 
ThOS'3 who h.::·ve an interest in either aerodynamics 
or hydrodync.mics will wo..."1t to convert the quanti-

ty ~'V to consistent units and multipl~r it b-J t."'a 

quotient of the densi t'J of the air by its viscos
i ty to 0 btair!. Reynold' s Number. '!hus, if 'f = the 
density of air, and~'= the viscosity of air .. 
Reynold's Number, based upon the aerodynamic ra
dius, is then: 

R 2A l' 
;3 -p--v

)-I 
(16) 

By re fe rring to equation (5) J it c an be s'een that 
equation (16) gives a Reynold t s Eu.ll1ber for which 
the length invobTed reduces to the radius for a 
sphere. Sone~imes it '-'0y be desirable to compare 
these c.C'ta 'ili th oti1er data fer which Reynold t s 
Nu!!!ber for c sFhere is computed by using the dia
meter of the sphere. In this case let the 

aerodyri~mic diarr.eter Da 
be defL~ed by the equation 
D - 4A a - --'" p 

(17) 

(18) 

For convenience in relating; the graphs of this 
report VIi th v8.rious other expermer .. tal data, all 

+1 " to t f b ° 2A .. le g::-apn::; ."'lave nree se S 0 a sc~ssas - pV7 

Reynold Y s Number based upon the aerodynamic radi
us, Rr , a J and Reyno Id IS ::umbe r based upon the 
aerodync~ic dianeter J R- • -1).a 
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ME'lEODS BY VIHICH AIR FlOY.' PATTERNS CAN BE MADE VISIBLE 

Probably the most s~tisfacto~ way of deter
mining ar. air no'.." pattern at low speeds is by 
introduoing a dense smoke into the air stream 
so as to meke the pattern visible.9,lO,ll 
When proper preoautions are taken for washing 
and fH terine; th,e air, ti tanium tetrachloride 
smoke is a ver,y satisfactory substance to use 
for this purpose. 

Since the smoke produced ~ the use of titani
um tetrachloride is \'rhi ta, it can be6t be ob
served against Cl background which is rough and 
painted a very flat black. ~.e irregularities 
of the surface which cause its roughness must, 
of course, be small in order not to affect the 
air flow pattern. In the case of the model, 
as eistinguished from its sUrl'ourAi:Jgs, the 
wall nearest the observer should be transpar
ent in order to penni t the pattern to be ob
served. ~~e ~~st satisfacto~J material found 
for making the transparent wall is a sheet of 
~cetate# because it ca~ be easily out end 
glued cr fastened with pins. A strong light 
at rizht angles to the line of sight of the 
observer is also very 'desirable, but care 
should be exercised to avoid any arrang;ement 
whioh might produce convection currents strong 
enough to a1 ter the air f'lo'~r pattern apprecia
bly. If it is necessary to take, photographs 
of the pattern, a much strOl'lger light is need
ed. Some information concerning techniques 
for photographing smoke patterns can be found 
in references 12, 13, and 14 of the bibliogra
phy. 

In the determi!~ation of the air flow pattern 
in or around a m~~el there are two principal 
features to observe - the actual air streams, 
and the eddies bounded by t..~e air streams. 

If the interior flow pa"tte!'!l of a model is to 
be observed, ~NO techniques ~y be employed. 
'!ha firs't is referr9r. to ae tee main-strean 
technique. In this lile'c11od, a stick ,"!hich has 
been dipped into a bottle of titanium tetra
chloride is placed ir. tl!6 air strea:n s!ightl~t 
windward ef the region ::'or which the pattern 
is desired. 
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The srr.oke from the stick flows with the air 
through the model and definos the region of 
air flow. The sec~nd, or eddy, technique is 
not only useful in observing the, flow streams, 
but also in outlining the eddies in the pat
tern. In this method. the smoke stick is 
placed in en edd~1n~ region until the eddy has 
filled with sI::oke. '!he stick i::; then rerr.oved. 
The flo,: streaz:s are quickly cleared of s!l".oke 
while the eddy remal'l'l,s filled vii th smoke. 
Since the bad:g;round is black, the clear air 
stream then appears black i'!hile the eddy ap
pears v:hi te. By careful observation it is 
possible to c.etect the flow within the eddy 
itself. 

In observing exterior flow patterns. as in the 
ease of interior patterns# it is only possible 
to. use tb.e eddy technique to advay.ta6e to ob
serve eddies. T.1.erefore, both techniques must 
be used. To locate the lee point of a build
ing. the point where the air is at rest. a 
modification of the main stre&~ technique is 
used. This is done by placing a heavily SItok
ing stick close to the ground. or wind table, 
and at a considerable distance from the build
ing on tne lee side. If the dista1ce from the 
build~g to the smoking stick is not too 
small, the sr::oke drifts &7:ay from the build-
L""1Q; • The S:::lC king s tic k is the"1 wO ved slowly 
closer to the build i.."lg while keeping it close 
to the ground. Vfnen some 0 f the smoke begins 
to show a tendency to drift tovlard t"e build
ing. the position of t~e stick is noted. Af
ter the tita~ium tetrachloride on the stick 
has been replenished. the stick is placed 
close to the ground and near' enough to the 
building; So that the smoke drifts toward the 
building. The stick is then moved Slowly 
away from the bUilding. V;'hen some of the 
smoke begins to sho"." a tendency to drift ai'ray 
from the buildirlg:~ the pcsi tior. of t..~e stick 
is agz.in no ted. 11:e IT.ear. 0 f the -L"V{O recorded 
stick positions is taken as the place ~"here 
the air is at rest. 

For special cases other modifications of the 
above techniques c~ be used. Yii th a little 
experimentation, the cbse::over .... :ill find which 
of the above techniques or !]",odifications will 
give the most information abo~'.t a par·~ic·..llar 
floVl p "tte ro. 



mE MEASURElliENT 0 F 'IRE LO~~' _1l_IR SPEE."DS '!"HICR OCCUR INS IDE K>DELS 

!he onl~" inst:.-urr:ents kno't'm to the authc:::-s which 
have probe~ s~~ll enough to be used inside a mod
el of a buildinb are hot wire anemometers, 15, 16 
reore p:::-operly called resistance the~ometer ane
mometers, and thermocouple onerr~~eters.15, 16 
These instruments are equipped with T-probes, 
which have fair directional characteristics and 
may be placed zt the point -where the air speed is 
dash"ed 7:itho'.lt changing; the flow pattern appre
cizbly. Most of the instrunlents ef -this type 
have meters reading directly in air speed, usual
ly in feet per minute. Tnese illstnL~ents can be 
calibrated reliably at low air speeds by using 
the tit~ium tetrachloride rr~~~ods described in 
referen-=es. Instruments to be used for measuring 
lo~ air speeds should always be calibrated to 
avoid large errors. 

Both naddlewheel and deflecting vane anemome
ters17-give reli~ble air speed measurements in 
and arotll~ci. full-scale buildings. 7lhen using pad
dlewheel anem0meters. the electrical contactor 
type is usually preferred to the direct reading 
type bec<'l'.lse by \.:sin?: several of these instru
ments~ continuous records of the air speeds at 
several different points can1;e-nade:--

. . 
• 
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s u A R y 

1_ The criterion of aerodynamic theory, that the 
product of the undisturbed air speed and some 
typical dimension must be constant in order that 
the same air £10 ... ·[ pattern will be observed in a 
model and in the full-scale structure, is not a 
necessary condition. It has been found by a ser
ies of experiments that if this product is above 
a certain critical value, the observed patterns 
are essentially independent of the value of the 
product. This result makes possible the use of 
convenient size models and convenient air speeds 
to predetermine the natural ventilation charac
teristics of proposed buildings. It must be re
membered that these resul ts were obtained from 
straight edged models and caution must be used in 
interpreting the patterns of models with smooth 
rounded surfaces. 

2. In applying this method 0 f us ing models. the fol
lo~~ng cor~itions must be observed. 

A. The changes in the densi ty and vis
cosity of the air must be negligible. 

B.. The effects of thermal convection 
must be negligible, or other methods 
must be used. 

Condi tion "Bn is of special i.mportance if the 
now patterns of certain types of buildings are 
to be determined. In many industrial bUildings 
and in any tall, heated building, thermal effects 
are the major factor in the observed flow pat
terns; therefore, the results of the experiI!lents 
in this report are not applicable. 
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