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WINE PEUSSUREE ABOUT 4 BUILDING
and
ARALYSIE OF WIND STATIZTICS QVER A FOUR-YEAR PERIOD

The allied subjeets of Nastural Ventiletion snd
¥ind Infiltration ere shrouded in mystery which hes oﬁly:
begun to be dispelled in the pest few yesrs. Preotically
ell of the infermetion aveilable on the subjeet is enmpiri-
oel in neture ond hes not been verified by orgenized in-
vestigations, For smll strustures, such es dwellling
houses 'and other bulldings of eguivalent elze, a2 knowe
ledge of wind effects is not of great isportance, but in
the lerge bulldings whioh mre beeoming more and more
numerous in the present-dsy industrial development, the
matter of infiliretion and esrstion by neturel means is
one whioh deperves grave consideration.

The Department of Zngineering Hesesreh of the
University of Michigen hse been cerrying out a progran
of investigation of the primicples of Naturel Ventiletion
for seversl years, undeyr the direstion of Professor
Je o Tmswileor. This work hes been sponsored by the
Detroit Steel Products Compeny, of letroit, Hiehicsn,
mekers of the “e¢nestra produets, who heve been ploncers
in this tyne of investigation.

The program for the yesr 1929 included a study
of the relationship between the veloeity of the mind,'and
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the pressures induced by thias velocity om the lee end wind-
ward foces of a building, for the purpose of determining
the infiltretion of sir dus to these pressures, snd slso
for the purpose of determining the total overturning monment
exerted on & bullding by the wind. The records of the
Detroit Stetion of the United States ¥eather Buresu were
studied and the megnitude and veloolty of the winds in that
oity during the months of Isgember, Jenuery, and February,
for the past four years were gompiled,

The materiel of the report is prakaneea in the
following order:

1. Zquipment for the work, including a resume'
of some of the difficulties encountered in seouring setia~
faotory equipuent,

2, Progedure of the work, with s deseription of
the diesposition and operstion of the apperstus,

5. Interpretasion of the wind Gats teken with
this epparatus,

4. s snslysis of the reeords of the wind in
Tatroit. |

8. Conelusions derived from the vear's work.

The nature of the work invelved required appars-
tus not readily availsble on the open merket, end much of
it wes bullt es required., It was found %o be more satis-
feotory in the lomg run to build some of the inetruments
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than to try to modify existing equipment, and this poliey

waes followed as olosely ag possibdle,

The first pilece of sguipmeni necessery %o sceoure
dsta on the reletion of the pressures st verious points eﬁxx‘
e bullding was a recording pressure instrumeni. Ceveral
obstacies had to be overvome bvefore & satisfectory déviaﬁ
6ould be seeured, and, while an agcount of these difficul-
ties 1s not exeatly reclevent to the main purpose of this
report, it is believed that & brief review of sone of the
major items mey be of value to anyone engaged in similaer
work,

it was deeclded to have three recording pressure
geuges in the set-up; one to be used Tor taking the velow
eity pressure of the wind, one for the windward mressure,
and cne for the leeward pressure on the building, These
instrusents were to take theae prescures at three points
around the building simultenmously, end their records
would later be eompared to esztebliceh the relstionship of
the verious pressures. Asn instrument waes recuired for this
use which would record pressures renging up to one inoh of
water, preferably in increments of .01" on & strip of
paper in perfect synchronism with others of the same ipe.
4 minimum of inertia effect or lag was desired besause of
the rapid fluctustione in preesure ineurred in working
with the wind, In eddition the instruxents were to be
es light ss possible to fecilitete tranaportatian-ané w0,
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The Sashrsoh gauge used in the work deseribed in
the peper, "Pressure Ulfferences serose ¥Windows in Heletion
to wind Veloelity", by J. I. Zmawller end %, C. Fsndall,
imerican Soelety of eeting and Veuntilating “nglineers,
Jotover, 1929, was satisfectory in some respveots, but couiék"
not be synehronized with sny othere, beesuse it hed & self-
sontained olockework motor, and wes elso very heavy and :
dulky.: It also lmscked the eontinucus etrip reoording
feature which was held ic be very desirsbdle. is thers were
no o#hax commereial recording geauges of the degired type
aveilable in the fall of 1580, it wes decided to build one
in the isohsnical laboratory shop.

“rofesgor Emswiler designed & pauge, shown in
Filgure 1, which employed the well-knoen prineiple of 8
closed bell partislly immersed in & liyuid, whose positd on
wes varied by the presgure in en air space inside the bell,
above the level of the licuid. 4 fube communiceted with
the eir spamce inside the bell, and & counter-balence SE =
toined the welght of the bell itself. It wss plenned to
attwoh & pen to the moveble bell, which would leeve & resord
on & continuous strip of paper drsvn along the outside of
the conteiner of the epparetus 8t e& speed of about six
inehes per minute by & smell synghronous motor. Teo prove
the feasibility of the scheme, it waz decided to build one
with & two~ineh dismeter bell, giving ¢ reange of 1l-1/Z
inehes of water hesd for 3 inches of displecement of the

bell, Thig was done, but what at first eppeared to be
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detsils of construetion turned into stumbling blosks whieh
&elaypﬁ the whole program for the year., The meeheniesl
sounterbeleancs for the bell wes & most ennoying one, The
first method employed wae that of psssing two thin cords
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over a lizht drum supported on small bell besrings. Thia
mechantem feiled through two hitherto unsuspected fmetors.
The inertie of the drum itscolf was too great to eﬁnhle the
instrument to respomd te slizht veristions in pressure,

even though 1t wes bullt of sluminum, ilse, the ball bear~
1553 were not so smooth as hed baia.autiei;aﬁea, & gort ét
dreg or setoh in their movement was present, whioh persisted
sven after several hours of rumning-in et high speed.

The next attempt to sliminete drag in the move~
ment of the bell was the substitution of s very light shaft
for the ball bhearing drum serembly, The shaft wes supported
in hardened oup and cone besringe, &nd hsd two thin dlisks
with grooved edges for the cords mounted on it. While 1t
was found that this reduced Iristion end 1nerfia consider«
ably, &nd the bell was noticeably more sensitive to slight
pressure veriztions then formerly, it was 3%1l1) far from |
satisfactory, snd was disearded,

| Ia order 4o eliminate all meebaniesl fristion,
an axyariu#at was tried in which the bell wss suspended by
e 5tiff wire to a wooden flost imuwereed in meroury as in
Tigure B, This si!! 8 nearly eemstant buoyant force, es
only one wire from the floet up thfaugh the meroury wvaried
the displacement of the mercury and the friction, whean all
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parts were correctly alligned, wes negligible. Tith thie
arrangement the appuratus wee very sensidtive to slight
varistiens of pressure, but was easily deranged end wes by
no means nortable. The minuteneas of the forces aveilabdle
wag shown very oleerly when a2 ven was sttached %o the mov;\
ing bell of the geuge, es it immedietely destroyed the sen-
sitivity of the apparatus merely by its frietion on tﬁe
paper, It was also noted thst the dreg of the liquid on
the bell had considersble influence on the speed with which
it responded to pressure ehanges, and thet gesoline was a
mush better liquid for the purpose then water, due to its
lower viscosity snd affinity for the brass of the bsll,

The mechanism for movings the gtrip of peper et &
constant synchronous epeed wse developed without mueh troubls,
The smell 4-%att synohronous motors =ade by the “"arren
Teleschron Conmpsny for use in eleetrie closks, proved to be
too smmll to drive the tension drum of the eppesratus, dut
the larger & snl l2«watt sizes made by the seme firm wevre
" both found to be satisfsotory. The rhaft of these units
turne over at one r.p.m. through s 3600:1 apeadureduetian"
gear Trom the rotor of the moter, and was conneoted through
gn Olédham's ooupling to the shaft of the roll which pulled
the paper strip past the pen of the gauge.

ae the principle of the bell type geuge had heen
| proved to be satisfectory, the main objections were to the
suell magnitude of the forees syailsble, end to the mgchan£~
osl suspension of the bell first attempted, it wan decided
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$0 double the diemeter or the bell, thus quedrupling the
foree on it: head, and to re-~design the susge to ineor-
porate a compact mercury suspension scheme, This was done
as shown in [ igure 4., The improved pressure eloment dif-
fered from the temporery meroury suspenslon job medinly im ~ -
that the zereury was contelned in am inner eteel cup ineside
the water sompertmwent, instesd of sbove the bell, wiih g-
ring-sheped wooden floet supporting the bell by means of
three atiffl steel rode. The system was nade steble by a
- pendulum vhich ran through the »ressure inlet tube with
the bob hanging in a chamber below the geuge prover. One
of these geuges was built by the Instrument Shop of the
niversity, but when the model wes completed, it wes
found to be feulty in some details of construetion, and
the time left to experiment wee so short thet {t wee inm-
possible to set 1t up emd try it ous. It is thought that,
£ this line of e¢xperimentetion were followed to & more
fortunate conclusion, the gsuge would be sucoessful in
its operstion.

£fter the hydreulie gauge was abandoned, 1t wee
decided to try the c«loment of & lowepressure geuge built
by the Sristol Company, ¥eterbury, Coun., with the strip-
moving mechanlism driven by the synehronous motor ss de-
sorived asbove, 4n olement whioh worked in the range of
~,3 inch t0 +.7 inch heed of water wee segured, and hed
been susoessfully set up and eelibrated when e bulletin
fyom the Bristel Cespany ennounced a new lins of instrusents
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driven by the same synohronsus moters that had bdeen tried
hpg;;_;gs the result of some correspondence with them, it
wa# éeéiﬁaé to buy thelr instrumente snd sbendon efforts

10 develop any here, ss the time left :er experizenting
was ehort, They provided us with gauges heving & l0-inch T
e¢irgular ohart, roteting onoe in 15 minutes, with &
’prés:ura renge of «.3 4nch to +.7inek of water. The étrxp
reeorders umade by this eompeny were too expensive, so
eventuelly the eiroculer ehort type had to be used. ne
of the gsupges wes equv=ped with ay sir-tight iron ocse
which, when tapped for pipe fittings mede 1 possivle to
use 1t for & 4ifferentisl pressure recorder in connection
with & pitot tube for determining wind velosity. The

other two were in wooden ceses Tor wmessuring totsl prescure

It was necessery %o heve some suxiliary ecuipment
to use with the pressure geauges and all of this wus built
here, » Pitet tube whioh formed the tip of & wind vene so
&8s to present the nose to thsiwiné &t &ll times was the
most importent of these muxilieries. This deviece, shown in
Figure 5, seeured the vel:oity pressure which wae recorded
by the 4ifferentiel premsure gauge mentioned in the pre-
ceding rarsgraph. The tube wes bullt socording to .L.O.H.

& V.L. specifications, with en outer statie-prescure tube
of 5/8 inch dismeter, end en iunér totelepressure tube of

3/8 inoh in dismeter. The vene was of the split type
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which insured umeximum stebility and the acsenbly wes
mounted on ball bearings in order to insure maximum
sensitivity.

It wes originelly 1ntenﬁéa te hrve the whole
systen of wind-pressure recorders opernte sutometicslly,
~ end to do this the gauges were to be run only when the
| wind wee in avspaeitiea direction, plus or minus five
degrees. socordingly, & eemmniatér, T4gare 3, wes
mounted on the wind-vene shaft, end, ss 1t wrs not de-
sirable to break the 110-volt circuit for the gauge motors
et the point where the vsne would be on top of the strue-
turs Leing studlied, this cocmnutator operated & relsy. The
relay wee & simple type which operated on & 6-volt storage
battery ané broke the higher voltege eireult with e ieroolid

awiteh uait mounted on 8 rocker arm.

PHOCEDUR

The ideal situstion for the work in this field
would be an i{soleted building with no trees or other
structure near by %o influence the wind ss it epprosched
the bulliing where the instruments were logeted. The
nearest appresch to this, however, thet could be obtained
was the tower of the Kichigan Unlon 5uilding. 7his is
eight stories high, four of which are sbove the mein pert
of the bullding, snd is not equaled in height by any necvre
by obstruetions. The roof of the tower 18 &lso esasily

acecsaible and the top room was vecant, <These conditlons,
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together with ite proximity to the cempus, made its use
very desireble, The privileze of using the tower and the
unoceupled top room was fortunstely granted. |
Digposition of Instruments. | _
The tower 1e gquare and ig 26-1/7 feet on esch |
side. The tower rcom is arrenged as shown in "igure &,
with four windowe on eech feoe except the north and eest
sides, which are out into by the stair wall. Two record-
ing gmuges, one for the leeward and éne for the windward
pressure, were pleced ingide this room and were connected
by meens of ghort rubber tubes to Dress tubes set flush 4n
boards cut %o fit the sindow openings. This mede it very
easy ¥2 chancse the loectien of the instruments to mect any
existing conditions, as it was necessary only to shut the
window upon the bosrd with the tube in it end then connect
the geauge to it. The instruments were slweye plsced as
neay the center of the Tace of the bullding as poeeible so
es to seoure & meximum value of the induced wind pressures,
The top of the tower is similer in vlen to thet
of the tower reoom. It has & wide stone ocoping &-1/2 feet
higk mround the sdge. The Pitot tube snd vene were pleced
on the north~west corner of the tower, and the differential
recording geuge wes placed nesr it. is the sheft of the
vane wns Cive feet long, it is believed that the wind strike.
ing it was almost unaffeoted by the tower for dlrestions
panging from 5% $0 NE. This renge of direetions inciudes |

the prevailing winde for this loeality.
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The relaya, bettery, snd other ccguipment were
assembled in the tower room, =nd everything could bes oon=-
trolled from thet point. The two pressure gauges in the
tower room were usually on opposite sides of the tower so
88 %o get & record ol leeward and windward preesures “

similtaneously.

Direo¥on Cont: ' ] .
The original .intentien‘ns to get the 1l0-degrse

segmnné of the commutetor to suit the preveiling direetion
of the wind at the time the reecordes were taken, and then
lot the contrel system stop and start the three motors in
unison g0 thet the three records would be perfectly syne
ehronized when teken off the gsuges, In theory this was
gll right, but in prectice it d4id not work out nerfectly.
The synohronocus moiors ussd were of B.watts capeoity emd
their starting torque wes so slight that veristions in
viscosity of the oil in the zear oese ¢ontasining the 3600
to~-1 speed reduetlion were sufficlent to 1ﬁfluenea the lag
in starting. 4is & result, by the time the instruments

had run the 18 nminutes regquired to fill & chert, in the
short intervels that the wind wes in the right direction,
the eoldest instrument haed & considereble lsg comrared to
the warmer ones, Lhig leg could not de distributed pro-
portionally slong the chsrt because of the unegual number
of starts snd stope et verious perts of the ohartis, .is
perfest syncehronization woe necessary in these reeords,
this insecursey eould not be tolersted and stepe ueri

taken to sliminste i,
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4t first the eharts, shich resembled the sample
set shown in Figures .7, 8, and 9, were resynchronized at
every querter revolution (6 hours on the arbitrary £é-hour
soals}. thile this reduced the errore to ons~fourth tieir
former velue, it entailed considerable troudle snd delay o
during e\raa, and vould not be consldersd as wholly satis~
fectory. |

ks the mein difficulty was in the stertesnd-stop
prineiple of sutomatie control, enother stiecmpt was made
to record winds from only a preseribded direction and tls
moteors were run continuously. Thiec new scheme gonsisted
of designing snd building an sutomsti¢ venting device
which would open the totel pressure line rurining to the
differential gauge from the pitot tube at all times ex-
sopt when the wind was in the desired direction, then the
sommutatoyr on the wind-vans sheft made sonteet, @& solenoid
wae snergized and dinped the end of e& glass tube comneoted
t0 the totelepressure line into & oup of meroury, thus
allowing the differentisl gauge to opersate in its normsl
tashian es long a8 the wind rsammined in the desired dircaiion.
This deviae snd its oconmneations are shown clearly in ome of
the photographs of the sppsratus on the tower,

It was intended that this systenm of operstion would
give & velosity pressure shart of slternste seetions of zaero
value end of the true vaslue itaren when the vent was open «nd
when it was closed, resmpeciively, during periods in whieh the
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wind wes within the desired lo~degree range. However, the
intervals of time in whioh the wind steyed with the 10=
dogree segment were go short that the record, instesd of

being elternete stretohes of zero pressure, and fluoctuating

T~

pericds when the wind wee scting on the geuge through the
pitot tube, wes gomposed almost entirely of up and down
‘lines gaused by the repié opening end elosing of the iunt§
4 20-degree segment was put on the commutator, but this
ohange 414 not help meterially s ths travel of the pen
was 8till very erratie., Come of the records taken by the
methods outlined were setisfectory ss regaerds socurscy,
but their preperetion inte & usiable form wee so leborious
that they were superseded by & simpler systen,
ggggggggna Kgaords without Direstion Contrcl.

It wes decided %o saerifice the femture of direction

control in order to geoure perfsot synohronism snd & more
readable record, This wss aecsomplished by disconnecting the
conmutater and instaslling & awitch, which e¢nabled the observer
to stert and stop ell three lastruments st will from either
the tower room or the roof, Yhen thies wns done, muoh of the
previous diffioulty dissppesred et once and records were
ohtained which were much easier to compsre and which mstohed
perfectly in their timing, all three szynehronous motors
funstisned properly when running stesdily.

The curves iraded by the pens of the instrunments
wore migh smoother uhén the oharts wers running steadily than
when the direotion control was in uge, snd the gain in sccu-
reey end reedibility more then offset the los: due to sbandon=-
ing the selective function of the commitator. '
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The instrusents, sfter heving been instelled in
the tower, were checked againet a sensgitive Lllison Inelined
Draft Ceure, and were found to be scewrnte within +01 inch
hesd of water over thelr entire ranre, ., static head wes
imposed upon both the Bristol and the Ellison gauges aimul;\‘
teneouely by means of & verisble solumn of weter in this
check up, | |
Yeristion of Conditi during Runs.

The greeter part of the puns were made with the
instruments disposed ae follows: The differentisl gsuge
for dstermining the velceity pressure of the wind was on
the northwest corner of the tower, The sther two gauges
in the towsr room were locsted at the east and west faces
of the bullding. Thie arrengcaent was satiefsctory for
neerly all eondtitions encountered, as the provasiling winds
for the logelity sre southwest to north. The windows and
door of the tower room were kept closed most of the time to
gimulate winter conditione in a bullding,

On one ocoasion, when there wis & very high south
wind, one of the gauges wes shifted from the west to the
south fece and & few runs were mede with this earrsngement.
Also, on this seme dey some experiments were nade by open—
ing verioue windows in the tower room snd noting the sud-
ssquent effest on the gauges in the room. The reasults ob-
tained were very interesting, and promise some Turther in-
formation on wind effeets when gone into more exhaustively

than was possible at thias time,
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A large number of charts were obtained by making runa
whenever the wind oconditions were suitable, Aa taken, the records
were socarcely in a usablé‘fbmm, as thé ¢iroular e¢harts with iny
one curve on eash were not readily comparsble nor easy of |
interpretation. Each run, which is a term used Shroughout this
report to demeribs a complete set of three charts which have
been made simultaneocusly by the three regording gauges of the
set-up, wss therefore transeribed onto a syatam‘ot reotangular
soordinates. The thrse curves of a run are superimposed on the
sane akeet; 0 permit easy compurison. It will be noted thet
there ere tws Bheets of these curves for evory run so transeribed
as they could not be drawn %0 a proper sosle on a single shect.
The second shest of sach run is marked "Cont'd” to designate
it as the part corresponding to the P, i, segtion of the charta,

A sample set of charts, Rum "AB" is ineluded with the transoribed
eurves (Figures 7, 8, and 8). Thess photostats are two-thirds | |
the actual size of the criginal oharts, whieh are ten inches 1n
diaweter. Thus the veloalty pressure, windward pressure, and
lesward pressure con be compared at a glanee. The runs wers
grouped seeording to the direetion of the wind and will de found
t0 have been treated as grauys ra thor than as individual rumns, ‘

The most important group of runs wer: those taken when
the wind wes blowing from a westorly direction. In tals
group, runs "y", "pe Tip%, “AL®, "4", and "k" have besn
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taken as representstive specimens, and thes superimposed
presgure surves from the three inetruments ere included
in this section. In drawing theee ocurves the arbitrary
scale of hours found on the cherts supplied with.tﬁc in.
struments wee used as one ordinate, snd the hesd in

inches of water as the other. /s the instruments revolved
once in 15 minutesz instesd of once im 24 hours, the heri-
zontal scale reduces to one ineh bheing equal to 783 of

8 minute instead of 1,25 hours, which it would be if the
chart scale were true,

& study of the curves of these runse indlogtes
8t 8 glance that the windwerd pressure ourve is very
gimiler to the veloecity pressure gurve, and to a less
mearked extent the leeward pressure ourve is much like
the veloelly pressure line. The veloocity pressure wes
more subleet to small fluctuations than either of the
other two pressurces, due to the verieble nature of the
wind, and the gmall emount of air isvolved in the trens-
misgi-n of these varistions to the instrument., In the
gese of the two gauges in the tower room, the neutrsl
or reference praessure in the room oorresponds o the
Btetic pressure impressed on the ountside of the pressure
element of the differential geuge used for teking veloelty
pressures, However, it is not vonstant, nor nearly so
as the statie pressure ig, end the effect of 1ts veari-~
ation on the record of the windward pressure gauge is
e follows., 4 sudden inopeesse in the windwerd heed on
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the building finds the room, or reference pressure with a
low value, and the pen on the -usge registers the full
difference between the windward pressure end room pressure;
és the windward hesd persists the room pressure inecreases
begause of lesksge on the windward fece of the bullding,
and the differentiml regletered by the geuge becomes
smaller, Henoe, the ourve traced by the pen jumps suddenly
to soms high velue es e gust of wind hite the building, end
slopes down graﬁuaily'ss the inner pressure builds up. .Ia
the meantime the true windward heesd may heve been st 2 con-
stant high velue, but the geuge will heve shown & stesdy
deorease, due solely %o the chenge in the reference pres-
sure, The seme thing epplies to the leewsrd pressure, but
here the effect 18 roversed, as an incresse in the refer-
ence pressure inoreases the appsrent sucstion regigtaree by
the geauge. The effect is not so noticeable in the case of
the leswerd prescure recorde begause the hesds rogistered
wore quite small at eall ¢times, |

The response of the windward preszure to ar ine-
ercese in the velogity preesure is eepéndont upon the 4di-
regtion of the wind st the instent of incresse, The more
neerly normal the wind, the closer the sgreement between
the two curves, &nd vice verss. 4is 1t was previously ex-
pleined thet the directionel eentrol was given up in order
to seoure better oharts, the directions noted on the ascom-
panying surves are those of the prevailing winds during the

runs, snd ere not to be tsken es meaning that the wind was
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ztrietly econfined to that given segment of the compess
cirele, 4s & rule, the higher the wind, the morc unstadle
i1ts diroction iz lisble to be from minute %o minute, while
in the lower ranges the direction ie notably mors constent.
Hence, the lack of sgreement between winévﬁrd and velosity )
pregsures i1s most noticeable 1n the runs with higher hesds
recorded in them. &Hun "k", the curves of which will be.
found at the end of this ssotion, is an exception to this
rule, because it wss taken while the direction control dee
vice was 8till in use. |

The lesward heaa beheves in exastly the opposite
way from the windwerd head, es it beeomes mﬁrﬁ responsive
to chenges in velocity when the wind ie not normal to the
bullding than vhen it is normel. Thie is rerticularly
well brought out im the curves of run "4b", 1In the ssotions
marked "1” end "2", which were one eontinuous streteh on _
the »riginel cherts, the wind chenged from przeticelly due
west to northweat, and the hitherto fine sgreement of the
veloelty and windwaeré head curves was immedietely broken
up, while the sgreement between the vuiaaity and lsewarﬁl
hesd curves noticeably improved during this time., These
offacts agree with previouely observed phenomena ecncern~
ing wind effecta on cbstructions, a5 & wind &t an angle of
less than 90 degrees to the windwerd fege produces s
greater suotlion in the rear of the obstscle neer the omrner
arcund which the wind is dlowing then @ normsl wind does.
Experiments with long struetures have shown that the sue~

tion ig higher near the windwerd corner than 1t is further
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along the Jleeward face, but in the esse of this smell
aqguare tower, the inoreese in suetion wes probedly general
when the wind swung eround awsy from the normal engle.

The agreement between the verious pressures rew
corded 1s intereszting to note im the runs mentiorned, but )
the original transoribed curves eonvey noc guantitstive idee
of their setual reletionship. lience, it wes decided to
present thelr informstion in e wsdified form. To aceom-
vlish thie it wes neoessary to construct e set of curves
which would nrezent t;s results of & gomperison of the
varioug pressures throughout the six runs ineluded in this
group, and would establish & reletion between them. .40~
enrdingly, & set of exce were token with the veloolty head
in inches of water as one ordinsmte, snd the hesd induced
by this velogity head on the windward and leewars faces
of the building ms the other sydinste. 4 large number of
pointe were then plotted, end the paths of the curves on
Figure 10 were determined. The points themeelves are too
numereus to be shown, but with six ruus to work from there
ie every reason to believe thet the curves shown are correct.
The higher values of both the leewsrd and windwerd prescures
were very definitely determined by the relstion of the pree-
sure ourves in rum "k", which was fortunately not only of
nigh velocity, but limited to neerly & due west wind by the
direetion control.

It will be noted that the windward head ocurve is
e straight line whose value is 80 per cent of the vcloelty
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heed. 7The leeward heed curve is steep at the lowcr pert,
where it equals sbout 40 per cent of the velocity head, but
drops to around 15 per cent at the hicher velues of the
veloeity heed, The third curve, eslled the "Total Head",

iz the sum of the windward end leewsrd heads, end is sbout -
equal in velue to the velocity heed. The totzl hesd exceeds
the velocity hesd at some points, whioh séomﬂ to be am sno-
ﬁnly until it 1s-eensiae£eé that the windward heed is a”sert
of piled-up mees of air, ond the leeward heed sn attenuated
region in the rough shape of a‘aaas, and that it is not
negessary thst both be meintained by the zame group of moving
partiecles of sir, dut mey be gonsidered to be maintesined dy
innumerable particles moving et e high veloelty, whieh in
this way may imﬁart @ total hesd to the rressure regions of
more than their individusl hesde. 42t the higher velues of
the veloeity head the totel hesd drops off, ﬁuo“to the fall-
ing off of the nlbpe of the leevard heed curve,

In Tigure 11 the curves of Figure 10 are showa
egein with the differsnce thet the induced hesds are drawn
sgainet the veloocity in miles per hour instead of the veloe
eity head 1teelf. 7The relstion betwoen veloelty and heed in
fluid flaw, VZ = 2 gh, <hich reduces to ¥ = 45.5)/p for air
at 70°F,, where "4" is in m.p.h. and "P" in inches of weter,
was used for this transposition.

Only one position of the windaird pressure reesrder
was used iR any one of these runs esm it wes thought desireble

to have s somparison between the velue for the windward head
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in these experinents and thet ueed in the A.5.M. & V,.Z,.
formula of P = ,00048 %, 1In Figure 12, therefore, the
observed windward heed, the meximus celsuleted head, end
€2 per cent of the meximum oelouleated hesd, which is used
a8 sn aversge value by meny designers, ere sll plotted \
ageinst the veloeity in m.p.h. The resulting curves show
that the observed hesd liez betwmeen the other two in falﬁe,
and approximates 80 per cent of the valu? of the maxiwum
hesd given by the formulas. One peint reedings cannot be
considered ae giving & true sverage of the pressure on the
fece of e wall, especlelly when the building 1e ez irregu-
ler us the Unlon tower, but from these curves it would ap-
pesr thet the point selected wes ag nearly rizht as eould
heve been found,

In the last of the set of gcurves besed on this
series of Tuns, igure 13, the total displecing force of
the wind on the building or the sum of the windward and
leoeward hesds, wes converted from inscheg of weter to
pounds per squere food, and plotted against the veloolty.
Then the value of the resistanse that would be offered by
s flat plate normel to the wind was computed from the wall
known formmla P = ,0032 AMZ, when P 1z in pounds per square
foot, A& in square feet, end M in m.p.h. This formuls is
used extensively in serodynamieal work, end wes originally
determined by Tiffel in his resesrch on the subjeet., It is
given in Farner's "iirplene Design”, end ionteith's "Simple
Aerodynemics and the sirpleme”, with the cecefficient 0032



“ B
as usesd here, When the flat plate resistange in pounds per
square foot 1s also plotted against the veloeity in m.p.B. it ia
seen that the two curves are very similar in form, but that the
wind pressurs is at all times lezs than the flat plate resistance,
This is wshat might be axpested, aince a flat plate offers more
opportunity for violent eddies and vertices to form 1ﬁﬁ$&i&ﬁei§%>
behind 1t than does a building with considersble depth. The
resultent deerease in sueticn, or leeward hend, behind a building
is surficient to anceount for the lowser totzl displaeing forece,
as evidenced in tho surves ahavn; However, the agreemsnt is
eloser than would at first bes expested when the &ifference in
the form of the two obstructions in the path of the wind is

oconsidered,

The runa wien the wind wes at angles other than
90 degress to the fsee of the tower are not eapsble of belng
grouped together and snalyzed as a whole, bacauss of the
varying effesots resulting from slight ehangus in direotion,
and the virtual impossidbility of obteining duplicate records
in the short time availsble, They will therefore be treated
individually.
Run "y": Run "y" was teken when there wus a very sirong wind
coming frox 20 degrees west of scuth, To meest this condition
the gauge i the tower room which wsé usually on the west sids
was moved %o the south side of the room, the otier gaugs being
left on the eas=t side, As the wind was not normal to any ome
face, ther: was no way toget a strictly windward and leewsrd
pressure relation, dut in the titling of the charts, tho south
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face is spoken of &s "windwsrd” and the esst feuce as
"lseward” beceuse they most neerly satiefly normsl condi-
tions,

It will be seen from the pressure gurves of run
"y" that the run was remsrkeble in that high and low veloQ\ .
oities oecurred in guiek suoceseion. The windward pressure
curve follows the veloocity pressure curve quita closély,.
with ne periods of narked divergenee from the genersl trend
of the velocity head line. This is what would be expected
when it is considered thet the wind wxes only 20 degrees
from normal to the south face of the bullding most of the
time, and thet the general effeote noted in the westerly
runs were of the same charscier, However, the leeward
heed curve is quite differecmt from any enccuntered before,
It follows, or mirrors, the velosity head surve very
closely, and the magnitude of the vacuum formed is greeter
then in eny other case noted. 4is the wind swept eround the
southesst corner of the tower, a muck greaster veouum was
formed on the east fase than when the [low was due west
along the south side, ‘{The eddy ocurreants formed were natur-
ally more vislent with this angling direcetion of the wing,
and were more nearly conparable $o those formed behind e
thin, flet plate, than delind & building.

%hen the induced heads ere plotted arainpst the
velocity hesnd in Figure l4, the differences between &
normel end sn engling wind buoome very apperent. The wind-

werd hesd i3 lesz uffeeted than the leeward, Instead of
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keing 80 psr cent of the velocity heed, the windward now
equals sbout 74 per cent, und is still & streight-line
funetion. The leeward head curve, however, starts off as
& straight line at lower values of the vslocity heed, end
instesd of decreasing its slope, inocreases it until the |
veloolity heed iz .80 inch of weter. The leeward head is
«R8% lineh, or 36,8 per cent, instead of 15 per ocent at a
similer point in the ¢ase of the normal to builéing TUnB.
The sum of the winde-ward and leeward hesds iz nearly equal
to the velocity heed throughout its range.

#ith the Induced hesds plotted sgalnat veloeity
instend of velocity hesd in ¥igure 15, the difference is
still more cleerly marked bvetween thess curves and those
of pormel winds. Th» sum of the leseward and windward
heads does not equel the lineer dlesplaeing force of the
wind on the building, however, as the two fsces conzidered
are not opposite sides of the tower. It 1is also quite
probeble that if the instruments hed been connected to
difterent points along the esst snd south fsces of the
tower, the resultsnt curvee would have had & different
trend from those obtained with the gauges eonnected %o
as near the center of the fsoes as the window openings
would permit, which wes the sase during this run, This
is particularly true in the oesze of the leeward head
eurve, because of the non-uniform suetion zone formed
by the angling wind on the esst face., The unusually
wide rengze of the pressures obteined during this rum
made it possible to secure & large musber of points by
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which to plot these curves, £ cireunmstance which wes guite
fortunste, The windward pressure ourve wee not compared
with_the,oaleuletaé value, and the displecing force ob-
sorved was not drawn egeinst the flat plste resistance

beoauss the cases were not enelogous in this inctance.

Runs "s" end "{": Runs "s" end "4 were mede om ths same
day, and with the wind ranging from north to northweﬁi.
They de not fall into the normel elses therefore, and sre
interesting becruse 8t some times the winéd was elmost
perallel to the two faces of the building where the guuges
were loecated.

In run "e", the sgreement between the leceward and
the velogity~head curves is perheps the best of any run
teken, With the horizontal exis as & horizon, the leewerd-
heed ourve &ppes s to be & refleotion of the velooity-heasd
iine, and follows its chenges very falthfully. 7This is due
to the more promnounsed effeet thet an engling wind hes upoa'
the suction zone st the rear face of the hullding nasr the
corner eround which it sweeps then 2 normsl wind has upon
the suection zoneé extending -eross the whole read of the
building. The windward pressure geuge evidently di4 not
respond %o the slight pressure buillt up until "5" on the
time sesle, .sfter this point it funetioned properly, end
the agresment of the windward-head curve with the veloecity-
heed ourve is very good for the rest of the run. The range

of pressures tzhen wes not suffieient upon which to base
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gurvaes giving the relationships established in other runs,
as the meximun veloeity hesd was only .20 insh of water,

The first half of rum "t" is without eny par-
tioularly moteworthy festures, but in the second sheet of
the curves traoed from the aharts of this run, alvary
vesulisr behavior of the winfdward head curve ie apparent,
¥ith the veloeity heed remging between ,0% and .26 ineh of
water, the windwerd head hovers sround the gero pressure
1line, viesing only to 0% ineh of water se & maxirum snd
astuslly becoming -.02 ineh at two polintes on the curve.
The instrument waz epparently not Jjsmmed or stuck, because
minor flustuations occurred during the tize in which it
regiatefeﬁ zero plue or minus ,01l inch of water,

The explanstion of these phenomene lies in the
feat thet when the wind swings sround tb an angle of 15
degrees or less with the windward face of s builﬁing, the
pressure on thet fece becomes negstive rether than posi-
tive. This wes observed in model tests mede to determine
sortain facts coneerning natural ventiletion., It is inter-
esting to have it substentiated by these resuits, though
the exaet angle of the wind at whish the pressure changed
over gould not be determined in this omse, as 1t was when
models of duildings were used in & wind tunnel.
Run "aa": Hun "As" wes & speciel run mede with the wind
coming from 5. 80° ¥,, and with the south windowe of the
tower reom all open snd the pressure gesuge on the south

side of the rnom, The pressure line ran %0 an open
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window and wes fastened %o a board pleced asz usuel in the
window opening, The veloecity pres:sure was not teken dur-
ing this run es the wind was so high that 1t wes fesred
thet permenent injury might b: done to the geuge if it
were csonnegted. However, e&s this rum wes token on the sgume -
afternoon &8s lun "YI%, sn idee of the voloelty head may be
obtained from that run, though they were higher yet for

Run "aa", ¥ith the windows ou the windwerd side open, and
all other openings in the room closed, 1t will be notioed
thet the wiﬂéaarénpressure curve roughly resembles 8 s&¥~
tooth effeet, 4 sudden gust of wind would bulld the pres-
sure up immedistely, then in e lull of the wind ihe pres~
sure would gradually diminish until the next gust. The
room seemed to eot as a surge teank in & water circuit, the
air within it being compressed by sudden lurge pressure
jumps outside and then being released gradually ¢itn1n-a
period of abmut 10 seeonds,.

It ie noteworthy that the nressurs wss st all
timce grester than zero, which shows that there was enough
exfiltration from the room to meintain & preseure differ-
ential betreen the outer fmce of the window end the room
immedistely inside, s on opposite sides of & diaphragm in
an orifice meter. Thie 12 certein, doasuse 1f there were
no flow throug: the windows, the pressure inside wuld
have equalled that outside, snd the gauge would net have

regponded at all., it one point om the curve, when the
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door wa§ opened, the prescure remsined nearly constent for
a short time, as the flow through the reom inoressed, Ine
cidentslly the pressure on the door, which opened outwards,
wae sﬁtfieient to recuire considersble e’fort to close it._
when olosed, the door wes tight fittinmg, and all of the \
windows were eqguipped with metallie westher atripping, 80
1t ie probeble thet for an un-wecther~stripped sesh the
base line of the pz'eéaure gurve would have heen higher in

value.,
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RECURDS OF THE JIND IN DETROIT

It was thought desirsble to securs some information
regarding the past behavior of the wind, upon which predice-
tions of future winds might be based. s Detroit was comven-
ient and the loeal station of the Weather Buresu of the United
States Department of Agriculture keeps a very complete resord
of the winds, 1t was deeided to make use of thelr observa-
tlons. Accordingly, through the sourtesy of lor, Conger, the
chiel nmeteorclogist, records for the last four winters, 19626~
27 through 1828-30, werse studied Tor the three months of
December, January, and Februsry, and date taken on the daily
averasge temperature and the veloelty and direetion of the wind
for every hour of the day. The thres months chosen are the
ooldest ones in the year, and are those during which the in-~
filtration of air due to induced wind pressures is most
important in the heating of buildings.

In its originel condition the information gathersd
wes of little direst wvalue, Therefore, tc make it more reoad~
able it was rearranged in the following manner: The anemometer
records gave the dirsction of the wind by the four eardinal
points of the compass or a combimstion of two adjacent points
to indiocate an intermediste direection, so the eight different
directions noted in the log book were used as heedings, and
the number of hours per year, during the daylight hours of



6 a.. to 8 pem., that the wind blew in that direetion with
& veloeity of 10 m.p.R. or more, was noted below. It was
deaiﬁed to resitriot the ecompilation of this data to these
hours, beosuse the heating load of large buildings 1s great-
est during the day and diminishes at night, when the ma jority
of the ooeupants sre away. Ten r.p.h. wis set as the lower
limit of the wind data as the pressures induved by winds of
less than this veloeitly are practically negligible when cone
sidering infiltration. In Table I which presents this data
two columns of figures will be found under esch winter's
heading in eaoh direotion. The left-~-hand figure gives the
number of bhours during that winter that the wind blew with
the velooity given at the left of the page, while the right-
hand eolumn earries a ruuning total of all the hours of wind
at thet and all higher veloeities, The percentage of the
total numbar of hours of wind of any direoction for any one
season 1s given at the bottom of the column for that winter,
while the averege parcentage for four winters oecuplies the
spaoe below this, under the direction heading.

The psroentage resulis are more vividly shown in
Figure 16 where thers iz a graphiesl representation of the
saxme figzures shown in Table 1. The octagon represents the
eight directions, while the leongth of the bar ereated on
each side of the oeotagon represents the percentage of total
wind in that direction for each season. The overwhelming
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predominance of southwest and west winds is surprising at
first glanece anﬂ; while the percentage in the various airoo-
tions might be expectsd to taper off graduslly from the pre-
vailing southwssi as 1t does in the eloockwise éirectie#, the
sudden drop when going from southwest to south is very unusuel.
During the daylight hours of the winter of 192030 there was
not & single hour during whieh the wind dlaw from the socuth
with a veloelity of 10 m.p.h. or more. If the winters of 182§
27 and 1927-28 were cgonsidered alone, the northwest winds
would be more prominent than ihan all four winters are eonsid-
ered. This suggests the possibility of a false conslusion
being drawn from four seasons' aversges and also that an ansly-
sig over a longer period of tims might be valuable. Howaver,
time 41d not permit of sush an anslysis when the distinot 4if-
ference between the winters of 1927-28 and 1928-29 was noted.
Figure 16 gives a good idea of the genersl distri-
bution of the wind in Detroii, but gives no clue as to veloecity
with which it blew in the various direetions. The values for
the four winters were averaged, therefore, and the distribution
of total hours of 10 m.p.h. and above in eamch direction is
shown in Figure 17. The totals for each direction are also
aplit up to show the duration of winds of varying velocities.
The first step out from the central ocotagon includes all those
from 10 to 15 m.p.h., the next, those from 15 %o 20 m.p.h., and
8o on,

The predominance of the southwest winds is again



striking not only in quentity, but in winds of high velooity.
There is more than half agein as muoch southwest wind of over
20 m.p.h, than there is from all the other directions put to-
gether. A tSendeney for the higher winds to come from the
southwest is shown by the faet thati there is more west wiand of
10-15 ®m.p.h. then there is southwest wind of that velocity
renge, while in all the other veleoclty ranges, the southwest
exceeda the west winds., It would seem from these resulis that
in planning %o combat wind infiltration; the southwest and west
wind would be the enly ones 10 be considered in the Detroit
distriect.

The temperatures for each direction wers carefully
averaged for the four seagons, and will also be found on Figure
17, at the ends of the wind-time figure., They are somewhat
higher than might be expestsd for those months of the year, but
the relative values of the noriharly and southerly directions
are what one would expect. The intermediate temperatures also
follow a regular order, as the temperatures inerease from norih
%o south, both ways around the figure. Though it does not show
in this figure, while the original data was being taken it was
noticed that the days during whioch the highest winds were ob-
served wers not those of sxtremely low temperatures. In fact,
the high winds were accompanied by moderate temperatures, and
on the very ooldest days the winds were not particularly high,
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Thus the established practice of figuring infiltration for the
highest winds and lowsst temperatures obssrved in a locality
would appear to be overly sautlous, sinece the two worst con-
ditions 4o not occeur simultanecusly.
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GUUCLUSIONS FEOM THZ YSAR'S JORK

From consideration of the results of the effeot of |
the wind sround a bullding it is apperent that when the wind
iz normal to a fage of the building the windward pressure
varies directly as the velocity head, end is equal to about
80 per cent of the velooity head. The leeward pressure does
not vary directly as the veloeity head, but is equal to about
13 per cent of the velooity head at the higher values of the
velocity head. The total head induced by the winds is slight~
ly grester than the velocity head until the velocity rsaches
32 m.p.h., where it is equal to it. Above 32 m.p.h. the total
indused head falls below the veloelty head until at 43 m.p.h.,
the 1limit of the curves dramm, it is equal to about 93.5 per
eent of the velocity head. The observed windwerd head falle
between the maximum head caloulated from the formula p =
.00048&3, and the value generslly used by designers, whiﬁh
is 88 per cent of the maximum ealculated head, The observed
Baad is 80 per c¢ent of the caloulated head in these tests.

#hen the wind was not normal to the faee of the
building, the windward hesd waes sbout 74 per cent of the ve-
looity head, for a wind 20 degrses less than normal to the
fage. The leeward head is greater than in the case of the
normal winds, as it equals 23 per ecent at the higher ranges
of the velocity head. The sum of the windward and leeward
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heads 1s equal to the velcelty hesd up to a velosity of 35
m.p.h. and then rises slightly aebove the veloeity head in
value,

dhen the wind becomes nsarly parallel to the fmoe of
2 building, the windward pressure Tlustuates betwaen positive
and negative values. The eritieal angle for this chenge 1#
with the wind at about 15 degrees to the facs of the building.

¥ith only the windward windows of a bullding open,
there iz still encugh exfiltration from the room to maintain
a pressure difference across the open windows which varies in
value with the veloaity of the wind and the air-tightnssa of
the room.

The records of the winds in Detroit for the past -
four winters show that the west and southwost winds are the
predominating ones for that viainity; &lsn—#hat the latter
are those having the higher veloeities, The northwest winds
ers qults prominent, but the south winds are almost negligible
in smount. The tempsratures for the same periocd of time are
fairly high, and refuts the ides that high winds accompany
low-temperature pericds, as only moderats winds were observed
during the ocld snaps.
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