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TIXD PRYSSURES ABOUT A BUILDING
 and
JHALYSIS OF WIND STATISTICS OVER A FOURWYEAR PEHIOD

The sllied subjects of Natural Vemtiletion snd
¥ind Infiltration are shrouded in mystsry which hes oniy
begun to be ﬁiapalléd in the psst few years; ?raaticgily
all of the informeti an avgilable on the aubjezt is enpiri-
gal in nature «nd has not been verified by organizeﬁ in-
vestigetions, Tor smell structures, such as dwelling
houses &nﬁ athar palldings of equival&ak aize; a knswu
ledge of wind effects isg not af ‘great i ;@rtanae, but in
~ the lerge bulldings whieh wre beeaming more and more

nunerous in the presentn&ay 1réustrial aevelcpmsnt, the
matter of iﬁfiltra%iea and eerstion by netural meens is
one whiob deserves grave eansiaerasian. |

The Tepartment of I ngine@ring hesesreh of ahe
University of iichigen has been cerrying out & program
of investigation of the primicples of Natural Ventilation
for seversl yesrs, under the direction of Professor
Je To Umewiler. Thig work hes been ﬁﬁonsm:wé by the
Betrmit nteel Products Compsny, of letroit, Hichigen,
mekers of the ~enestra produets, who heve been ploncers
in ﬁhis‘tywe of investigation.

The prcgram for the year 1929 inaluded K] study

of the relationship potwean the velocity of thg »ind, snd
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the gxaasﬁres induged by this velocity on %he'ia&'aa& wing~
ward f%é&& of a baii&iaﬁ,ifnr the purpose of éa%aréining
the infiltration of sir due to these pressures, &&ﬁ alaa
for the yuxgaaé of dAetermining the total évartuéﬁiﬁgfmﬁmﬁnt
exerted on & building by the wind. The records of the
Detrolt Station of the United States Yeather Dureeu were
gtudied and the megnitude snd vslocity of the winds in thet
eity during the monihs of lesember, 3anaﬁry, and Februsry,
for the psst four yesrs were compiled,

The meterial of the report is rresented in the
following order: ‘ |

i. ZEguipment féé'the wark, including a resume'
of some of the &1£ricu1tiea eﬁaa&ntar@d_in saeuriﬁg satin-
fectory equipnent,.

2. Prmﬁeﬁuré of the work, with a,&aéeripti@n of
the disposition and operstion of the aypﬁraﬁﬁgﬁ

3. JInterpretation of the wind dete teken with
thig ag?ara%u&,

4. 4n sunelysis of the records of the wind iﬁ,
t&at?ait.

%. Gonelusioneg derived from the year's woTk.

2 UIDHENT COR_THL WORK

7he nature of the work 1mvolveﬁ}r@qniésdlapparam
tus not reedily availadle on the open market, and mueh of
it wes bullt es required. It was found o be more satis-

faotory in the long run to build some of the instruments
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»than to try'te moﬁiry exiatiag ﬁquipmant, ana tais paltay

}waa f@llaweé as elaaely as passiﬁheu

Tha fira% pinae ef aauipmenz ne@asaary %a Beoure
,da a an the reletion af tha pre&surea at vsr&aa& pointe on
a buildtag was @ raﬁarﬁing gressurﬁ lnatrnm&nn. . “everal
aba%ae es kad 10 be averaama vefore a satistaetgry dovice
gould be s@curﬁﬁ, and, while en account of these difficul-
ties is not ex&a*ly relevent to the m&in purpose of thils
reporit, it is believed that & brief raview of sone of the
maj@r it@m& mey be of value to anyone engaged in similer
C work, | |

It was Geelded to have three reéaréing pressure
gauges in the set-up; ome to dbe used far'zakiﬁg~tha velo-
city preaéure of the wind, one for the windwerd messure,
and one for the leeward arﬁasura on the building. These
instrunents were to take thasa pressures at three pointe
around the bullding aimultanauaely, and their records
would lster be compared to ectadblieh the relationship of
the varlousg pressures. 4n instrunent wég reguired far.thia'
use which would record pressures r&ﬁging'up:ta one iach of
water, preferably in increments of ,01” on & strip of
paper in perfeet synchronism with others of the same ipe,
4 minimum of inertis effect or lag wue &esired beomuse of
the rapld fluctuations in preesure incurred in working
with the wind. In eddition the instruments were to be

es light ss possible to faeilitate trensportstlon end we.
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The Bachreoh gauge ussd in the work deseribed in
the peper, "Pressure Lifferences soross ¥indows 1In ﬁelatiaa
tb Bind Velosity™, by #; L. Znswller éné'@. Q,_?anﬁéll,
smeriecsn Soeclety of Vsating and Ventilating Tngineers,
Ootober, 1929, wae satisfactory in some respects, butl gould
not be aynehronized with eny others, beesuss iﬁ haﬁ & s@lfé
gontained oloekwork moter, and was slse Vﬁry-haafﬁ and
bulky. It also lacked the sentinucus strip recording
feature which was held to be very desirsble. .is there were
ne other eommereial recording gauges of the desired iype
aveilsble in the fall of 1589, it was decided to build one
in the icchaniocal ia&aratary shop.

srofessor Emewiler designed a peuge, shown in
Figure 1, which employed the wéileknmwn prineliple of &
closed bell partisily immersed in & 1iuuis, ahéga posiid on
wes varied by the pressure in aﬁ air space inside the Ddell,
above the level of the ligui@; & tube aommuniéateﬁ with
the eir specs inside the beil;fénd & eagnﬁer-%éianea BB =~
toined §h&,w@ight of the bell itself. I% wes g;&naeﬁ to
sttsch & pen to the ﬁﬁ?&%&ﬁi%@lly #hich would leeve s resord
on & sonbtinuous strip of ﬁﬁpﬁfAﬁrﬁﬂn along the éntaiée of
the container of the appara%ué at & spesd afiabaut aix
inghes per minute by & small synchronous motOT. Te prove
the feasibility of the soheme, 1% wes deeided %o build one
with & two-inch dismeter beil, giving ¢ range of 1-1/2
inehes of water hesd for 3 inehes of di splacerent df the

bell., Thie wes done, but what at first a?paareé to be



ae%aila ar soaaﬁruetiaa tarﬁaa 1&#@ atum@ling blaakg whinh
.ﬁalay@fi tim wlwle pmegram !’ar %h& year. "‘he meehmiaal
eounterbalancs for the bell vse & most emnoying ﬁﬁ@:* The
first msthod eaplayaé waa tﬁat of peseing two thin gords

- OYEr & iight drum supported on smell bell besrings. This
meehentem falled through two hitherto unsuSQeoﬁéé faaze#a,
The inertias of thﬁ.drﬁa itself ﬁﬁs too gréataté:éﬁﬁhiefthe.
1nstruﬁent to r@ﬁpaad to siizht v&riatians 1n gres&ure,
even though 1% was built of sluminum. ilso, the &all haarn
Cings were not so smooth as had been avtisia&ﬁeé, a soTE et
dregs or cateh ia %h@ir mavwmant was grﬁeant, whi@h gereistaé
even, after m@varal &anrﬁ of ruaning»ia a% high an&a&.

Thﬁ next attempt o eliminate dreg in the aaveu
ment of the bell @as the substitﬁtzea af & very lieght shaf$
far the kell Besring érﬁm—&sf&mhly. The shaft wes sapyarted
in herdened oup and cone bearinge, end had two thin disks
with grooved edges for ‘the qords mounted om it. ~While it
was Tound %ﬁat thisg reduced Iristion andg ineriis sonslders
ably, and the bell was noticeasbly more aenaiﬁive to siight
pregsure varietianﬁ than foramerly, it was é%iil far from
aatisf&etarg, end wes disesrded. |

Iﬁ order to eliminate all m&ehauisal frigtion,
en experiment wes tvied in which the bell was suspended by
8 8tiff wire to & wooden float imuerzed in meroury ae in
igure 2, This gave & nearly comstant buoysnt force, am
oaly @ge'wire_frsm the floet up‘thraugh the msreury veried

the displacement of the mercury and the Ifriction, when all
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parts WOTe aawreeﬁly alxignaﬁ, was aegllgiale. .uiﬁh this
‘atranpsmsnt the apyﬂrmtua-w&a vary ﬁﬁﬁﬁl%i?ﬁ ta slight
voristions at ﬂraaaur@, bu% was easlly é@rang&é and wes by
no means porteble. The minutesess of the forces avelleble
wag shawn very aieerly'wh@n a pen wae sttached %o the ROV«
ing bell of the geuge, &8 1% imnedictely dsstroyed the sen~
sit;vi%y of the apparstus merely by lts frietion on the “
- peper, It was also noted thet the dreg of the liguid on
%ﬁé.bﬁll hadf@ensi&arabla-influ&nmﬁ on the speed w1$h wh1eh}
1% responded to pressure ehanges, end that g&ﬁoliae’wax.a
mach better liquid for the purpose then water, éﬁe_%@ its
lower viscosity snd affinity for the brass of the bsll.

The mechanism for moving the sirip of paper &t &
constant synchronous epeed was developed without mueh troubls,
The smell 4-¥att synohronous motors made hy the Yarren
Telschron Company for use in eledatric ¢looks, sroved to ‘be
too =mell to drive the tensiom ﬁruﬁ gf the eppsratus, but
the Largﬁr & snd lE-wett sizes wmade by the seme Tirm were
hoth found to be amtiefaat@ry.‘ The shaft of théae units
turng over ai one r;p*m, through e 3600:1 speed-~refustion
spayr from the rotor of the motor, and was connesoied thruugh
an Oldham's ocoupling to the shaft of *he roll whish pulled
the paper sitrip pest the ven of the gauge.

48 the principle of the bell type geuge had heen
proved to be setisfectory, the mein objeciions were to the
small magnitude of the forees avail&hlé, and to the meehani-

cal suspension of the bell first ettempted, it was decided
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to doubls the ﬁiamﬂtﬁr or the bsll, thus gquedrupling tna
fmrs@ on it& head, ané te reaéegign the suage to 1nearm
porate & e@mp&gt marau?y ﬁuspenmi@u secheme, This was éané A
a8 shown ia igure 4., ‘'The impr@v&ﬁ pressure elfman£ dif~
revsﬁ fw@m the temporery mevreury &uayeagian 3ab mainlygga
that the B IHUYy was eonieined ta en inner eteel cup ineilde
the watar sompertument, inateaﬁ of sbove the bell, #ith a
ring~shaﬂed wooden floet supporting the bell by means of
three stiff st&ai rodg. The systenm wae mﬂ&e stable by 8
pendulun which ren thrﬁngh the nressure inlet t&b& With

the bob hanging in a chamber éslaw the gmuge pra@er‘ One
.of these gangﬁs wes bullt by ths Instrumﬁnt Shop of the
imiversity, butl when the model wes completed, iﬁ wa#'
found to be faulty in some deteils of construetion, and

the time left to experiment wes so short thet 1t weg ime
possible to set it up end try it out. It is thought that,
$1 this line of experimentation were Tollowsed to & more
fsrt&ﬁ&%&Acbﬁﬁl&ﬁiﬂﬁ; the gauge would be successiful in

its operstion.

After the hydreulie geuge was abandonsed, it was
dscided to try the «lement of a low~preasure geuge built
by the Bristol Gom@aay,.ﬁeterbury. Gonn., with the 3%?1?*
moving meohenism driven by the synsehropnous motor ss de~
gsoribed sbove. +4n element whioh worked inm the range of
-.% inch to +.7 inch head of water wes secured, end hed
been suceessfully set up and gelibrated wmhen a bulletin

from the Sristol Company enpounced & new line of instruments
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driven by the s#m@ synohronsas mmtaz%f%ﬁé#-&aﬁ been tried
here. .is the result of pome eérré@paadaﬁaa-wﬁtk %ham,-ii.
was &eolded to buy ﬁk@z%'ihxtrumsﬂts'&g&'ab&néan efforts
to develop any here, &s the time left for experimenting
wag short,  They provided us with gauges heving & 10~inch
eirealar chart, rotating onoe in 15 minutes, with a
pressure renge of «.3 inch to +,7ineh of water, The étrip
recorders msde by this compeny were tea.gxpemsiva;-&a‘
evmﬁzaaily the eircular aharé type hed te be used. ﬁﬁﬁv
of the gau@&a was equmped with ay sivr-tight irom ocse
whish, when %mpp@é»far yiga-fit%imgg mede it ?Qﬁﬁiﬁl@.ﬁa
uge it for = éiff@r&ati&1 %resaura recorder in conﬁaetian
with & @&tat tube for éatarmiaing wing veleeitygv The
other two were in wooden Bﬁﬂﬁﬁ f@r m&&surimg totsl pressure
oniy.

suxiliery “culpment,

It wse necessery %e heve some auxiliary ecuipuent
to use with tha Dressure gaug@a and all of this waes built
here., 4 Pitot tube whieh farm@ﬁ %re tig of & mina vane 50
aé to present the noge to ‘hﬁ w;n& gt all ti@ﬂﬁ Wﬁ$ the
most im@értant af thege auxiiiarias. This‘davié&, ghown in
Figure 5, eecured the veliolty pressurs which was recorded
by the Aifferential pressure gauge mentioned in the pre-
eadling ﬁarsgrﬁyﬁ. The tube was hailﬁ socording to L.S.H.
& ?.ﬁ.lspéeifieationa, with an outer statlic«prescure tube
of 5/8 ineh @lemeter, und an innér totainyrsssgre tube‘af

3/8 inch in dlsmeter. The vene was of the split type



v#&i@h 1asareé maximﬁa a@a&ility und the naeaﬁbly wes
_m&matsa on ball he&ringa 1ﬁ erﬁar te insure m&xianm
aensitiv&ty'

It wes originslly intendedl to hrve the whole
systém of wind-pressure reeorders operate sutomaticslly,
end to do this the sauges ﬁare‘tﬁ be wuﬁ only when the
 wiﬂﬁ‘was in a‘agaaifisé dlrection, plus or minus five
degrees., socordingly, & asmmaiétsr, Figure 3, wes
mounted en the windevene shaft, end, es it wes not de-
sirable to bresk the 1l0-volt cireuiy for thng&ﬁgﬁ.ms%ars
at the point where the vene would be on top of the stiﬁﬂw
sure being studied, this eﬁmmﬁiatar eperat%é & ral&ya The
relay wes a simple type whioh operated on 8 B-voli s%orage
battery aﬁw broke the higher velt&g& eiroult with e éeraei&

switoh unit mounted on 8 rocker arm,
PEROCHDURE

The ideal situstion for the work in this field
would be an isoleted building with no trees or other
structure near by to influence the wind sa it epprosched
the wuiliing where the instruments wers logated. The
nearest approech te this, hasavar; that could be obtained
was the tower of the_ﬁiﬁhigan Union Sullding, This is
elght storiee high, four of which are above the meain part
of the building, =nd is not equaled in height by sny neare
by obstruections. The roof of the tower is aled easily

seccesible end the top room was vsocant, Jhess conditions,
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together vith its praximity o th@ sampus, maﬁs ita use
very d@sirablﬁ@ The privilege atruaiag,%he taw@r_ap&»the
unoceuplied te§ ream weas fﬁ?tugatsly grented,

Dispositi

The tower 1e square and ie 286-1/2 feet on eackh
slde. -Tha tower roem»is arranged as showmn in*?igﬁra 6,
with four winéaws on efch feos estpt the n@rth and east
#idez, which are out 1ata by the mtair wall. +wa-reaaré*
1ng‘gaug@a, one for tha.laewara aaé one for the wi&éw&r&f
pressure, werse giaﬁaéviéaiée}thié'iaaa anﬁ'ﬁﬁrs‘agaaeatﬁﬁ
by meens of &hattArubhér tubes to bress tubes set flush inm
boards cut %o f£it the window openings. This ma&é.it very
eaéy ¥ chancs the laoestion of the 1n$§xnmen%s te meet any
exieting conditions, @8 1% wes necsssary only to shut the
window upon the bmérd with the tube in 1% aﬁﬁ\thén aennect
the gauge to it. The ingtruments were slweye ﬁiae@ﬁ‘aa |
nesyr the centser of the face of the building as.péssibla BCG
28 to seoure s meximum value of the induced wind pressures,

The top of the tower is similer in'plaﬁ to that
of the tower room. It heg & wide stone coping 3-1/2 feet
high argﬁné the sdge. ?he Pitot tube azé vene wﬁrﬂ pléc@&
on the nmrthwwasi gorner of the %@ﬁer, aﬁé_th& differential
re¢ording geuge wae placed néar 1t, is the shaft.af the
vene wes Tive feet long, it 1s believed thet the win@ strik-
ing it was alnost uﬂaff@eﬁaa by the tower for &irectiéﬁg
ranging from £W to NE, ?hié reange of directions includes

the prevailing winds for this losality.
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The relaya, battery, and other ecuipment were
essembled in the taﬁ&é YOO, and‘@vﬁrythiug could ba.aané
tr@iie& from tﬁ&t point. The twd. pressure gaug@éA;n the
tower room were usually on opposite sides of the tower so

as to get a record ol lé@@&ra &ﬁé windward preesurecs
eimulteneouslys
‘Direoton Control of Gauges.

The original intention was to set the 1l0-degrse

sagmanﬁ of the commutator to suit the preveiling direection
wf_tﬁé wind ét the time the records were taken, and then
let the control system stop and ﬁtar%'ﬁha'thraa motors in
unison so thset ths three records would be pérfa@tly‘éyn~
chronized when tsken off the gsuges. In theory this wes
211 right, but iz srectice it did aaﬁ work out perfectly.
The synohronous motors used were of B«~watts capuoity amd
thelr starting torqus was so slight thet veristions in
vigocosity of the oil in the gesr cese conteining the 3600~
to-l speed refuction were sufficlent io 1ﬁf1uen@& the lag
;p eterting. 48 & result, by the time thé instruments

had run the 18 ninutes r@guirﬁ& to £111 & chart, in the
short intervels that the wind was in the right direction,
the eoldest inetrument hed 8 considerable lag comrared o
the warnmer ones. ?hié laeg could not be dletribvuled proe
~portionally ﬁlang the shart beesuss of the unequal number
of starts snd stopes et verioug osaris of the eharis. 4isg
perfect synehronizaetion wag mpocgsary in thepe records,
this insceurscy could not be tolercted and steps were

taken to elimineie it.
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it first the charts, which resembled the sample
,sa%.sﬁawa in Figures ?,'8ggéna §; §§re reéjﬁghr@ni%@d at
every quarter ré?@ia&iaﬁléﬁ_ﬁeurs on the‘aréitrarylaé-héurf
soale}, vhile this r@ﬁuaaéyih& #&znrs‘&a aaséf@urtﬁ‘tgﬁgés
former veiﬁ&, it gntailaﬁ eéngi&ér&bla:zrcubléAgaé éélay
during a'rﬁn, and oould ﬁot'hs ééﬁ&iﬁaréé'as whélly satis~
factory. ._

ig the mazu,aiffiauliy waﬁviﬁ %h@.start«énéwstag
pringiple of sutomatie conirol, ﬁnaﬁhér attempt was nade
te record winds frou only & preseribed girection snd tw
motors were run continuously. Thie new schems consisted
of designing and building es sutometic veniing device
whigh aaalé'ﬁyﬁh,%he‘tatal pressure line running to the
differential geuge from the piltot tube ﬁt all tines ex~
¢ept when the wind waes in the desired direotlon., F¥hen the
commutetor on the wind-vsne sheft msde sonteet, e éaianaiﬁ
was energized snd dinped the end of e glass tube cenaeétea
to the tatal~yreaaure7lin@ into & oup of mereury, thus
allowing the differential gauge to agarate in its normssl -
feshion as long ss the wind remeined in the desired direction.
“hig deviee snd its connestions sre shown clearly In ome of
the photographs of the appsratus on the tcﬁer.

It was intended thaet this system of operstlon would
give & velocity pressure ghart of al%ernaﬁu.ééetians:ef.3@364
vslue end of the ftrus value iaren wh$n~th§ é&at gaa'§pan &ud;;

when it was closed, respectively, &uring perisde in which the
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wind was wﬁth&a the. &ﬁgi?mé zﬂwéagwaa range. However, the
gintarvals of timﬁ in wﬂi@h %h& winﬁ ﬁkay@& with ikﬁ k&u.
&mgre@ aegmmnt were 8a shar% ﬁhsﬁ the raeurﬁ, iﬂataaﬁ of
being a&tgrn&ts stretohes of zero pr@ﬁﬁar@, and fxuatuatirg
pericds when the wind was'moting on zheigﬁuga-threugh the
pltot tube, was ¢omposed almost @n&i?@ly of up und down
‘iines caused by the repid opening end elaﬁing of the kut.
A 20-degree segment wag put on tha aemmatatar, hat thxs
ghange d4id not help materiallyvgm the travel of the pen ’
was still very errstie, ﬁ@ﬁg of the records teken by the
m#%hm&s @uﬁliaﬁﬁ ware a&tiﬁf&qtafy 88 regards aaeuraﬁy;
but their preperation inte & usuable form was B0 leborious
that they wers sugerae&ed &y & slimpler systenm, ~
baﬁtgau@ue Fegords without Direstion ﬁ@ntgﬁ ;‘

It was decided te saserifice %ha fegtnra of air@etioa

eontrol in order to geoure perfset synochronism and a mmr@
readable record. This wss aceomplished by dieaonnasting*tha
commubtator snd installing & switoh, which e¢nabled the aﬁsérvar
to start and etop ell three iastruments st wili from either
the tower room or the roof, %hen this wus done, muel of the
previous diffieulty dissppeared st oned and records were
obtained which were mueh éa&iar to compere anﬁvwbiah metohed
porfeetly in their timiﬁg; a1} three gynehronous motors
fungtignéﬁ properiy when running stesdily.

The curves treged by the pens of the instruments
were mueh smoother when the oharts were running stesdily than
when the diregtion control wes in use, and the gain in sccu-
reoy end reedivility more than offeet the loss due to abendon-

ing the selestive function of the eommutetor,
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?%m inaﬁrumsmxs, af%ew haviﬁg been installaé in
the taw@r, were chesked againat & sensitiva 111a@n Inaliusé-.
Draft &aa?a, and were reun& %o be aeeux&tw ﬁithin *01 &nah
head of water over their en%irs ranﬁa. # gtatie h@aé wes
imposed upon both the Bristol and the &lliaon'gaagﬁa aimﬁiw“
taneously by wesns of & vaerisble eolumn of water iﬁ’thzaf'
check UP »

Yeristion of Gonditione ﬁuriggﬂggag.

The greater part of the puns were aaéa with the
1natrnmanta disposed as. fallawa* The éifferﬁatial geuge
for éatarminiag'thﬁ velaeity ?&amﬁuré of the wiad wgs on
thg northwest corner of ﬁ§$ %aﬁ@r, The other two gauges
in the %@ﬁeﬁ“ra@m wore 1&@&%3& at the east and west faces
of the huil&ing. Thieg arréagamsnt s ﬁati$fﬂct9ry for
nearly all ﬁﬂnﬂiti@ne ﬁneauntar@ﬁ, as the nr valling winés
for the m@eality are southwest %o north. The windows and
door of the tower room were kept elosed moet of the time to
simulete winter condltlons in a bullding,

On one ocession, when thers was & very high south
wind, one of the gauges was shifted from thg west fo the
gouth fege and 8 few ruas were uwede with thie arrang&ﬁﬁnt,
4lso, on this same dey some axgérim@nts were nede by opel-
ing verious windows in the tower r@§m~ana noting the sube
gequent effegt on the gauges in the room. The results ob~
tained were very intcresting, &and promise some further in-
formetlon on wind effeats when gone into more exhauﬁtively

then was possible st thile tlus.
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Control Station in the Union Tower Room,
Gauge Connected to0 the Window at the Left,

A Bristol's recording Vacuum and Pressure Gauge,
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A large nﬂmber‘@f eharts wers @yﬁainna by making Puns
_ﬁhsnevar'the wind conditions wers suitable, As takan,~th§:%aéaras
were s@mi&ely ina uamb&é’fexm, gs the eiroular ehﬁ?téiwith only
one curve on eash were not readlly comparzble noyr 6usy af
interpretation. Baeh Tun, which is & term used %éi_mughét;t this
- report to desmeribs a emmyléta set of three ehﬁrts which have
‘been made aianltanaéﬁély by the three recording gauges 6f the
sat«uy, was thrwn:ora transeribed onto & systen of regtangular
aearﬁina%eaQ  The three curves Qf a run are superimposed om the
same shoets t0 permit aaﬁy'eamyariaeh. It will be noted that
there are two sheets of these curves for every run 50 transoribed
as they eould not be drawn te a proper scsle on a single gheet.
The sewond shoest of sach fun iavmmrkmé “Cont'd" to deslgnate
it as the part corresponding to the .M. sectlon of the charts,

4 sample set of charts, Run "AB" is ineluded with the transcribed
eurves (Figures 7, 8, and 9). Thess photostuts are two-thirds
the aetuallsiaa of the original eharta, whiech are ten inmches im
diaweter. Thus the veloality prﬁgauré, windward pressure, snd
leeward pressure csn be c&mp&reﬂ4a% a glanga. }Tha rﬁna wSIe
grouped socording to the direetion of ﬁhé‘wi&ﬁ'ﬁg& wiil‘ﬁa'fbund
to have been tr@atﬂ& éa‘grmuys éathar'thaﬁ‘aﬁ xﬁﬁiviaual runs.
Hind Noymal to the Building.

The most 1mp0rtaht group Of runs wer: those taken when

ths wind wes hlowing fr.om a westerly direé&ien, In $uis

group, Tuns "YM, fpM fag, #Ab*. "4" . and "k" have been
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teken as,regr&sentétiv& speeimens, and the sugerimpaseé
pressure surves from the three';nétrumsaia sre included
in this seetion. In d:a%ing theze ourves the erbitrary
gcele of hours found on the cherts suvplied with-tﬁe‘in»
struments wes used as one aréinate, end the hesd in

inehes of water ss the other, 4is the 1m’gm@ma revolved
once in 15 minutes instesd of once in 24 héﬁrs; the hori-
zontal scele reduces to ons ingh bheing sgual_ﬁe « 783 of

s minute insteed of 1,28 hours, whioh it would be if the
chart scale were true.

A study of the curves of these runs indioetes
at & glance that the windward PYessure ourve ia»éary
similey te the veloolty pressure #ﬁ:ﬁ"w, and. to a less
merked extent the loeward pressure osurve is much Like
the veloelly pressure line, Tha,vgleait? giesgure wWoB
mOTS subgeét to small fluatﬂatie§$;§haa éithei of the
other €wo pressuras, éuﬂ to the verieble nature of the
wind, and the small smount of sir iﬁvml?aé.in the trans-
missi-n of theese varistions to the instyrument, In the
gase of the twe gauges in the tower room, the neutrsl
or reference® pressure in the roon corresponds to the
static pressure impreossed on the outside of the nreesure
element of the differential geuge usged for taking velocity
pressures, However, 1t is not aané%&nt, no?y nearly so
s the static prescure ie, end the ¢ffect of its veri-
etion on the rocord of the windward pressure gauge 1is

ag follows. & sudden inceesse in the windward heed on
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the building finde the room, or refersnce pressure with s
low yalué, and the gan;a#-%ha susge registers the full
ﬁiftérsn&e between the windward pressure snd reom pressuve;
a8 the windward hesd persists the room pressure incressss
‘begause of leakege on the windwerd feee of the building,
éna the differential reglstersd by the gauge becomes
~smeller. Henoe, the euxvé traoéﬁ by the pen juﬁpé suddenly
to some high value ss e gust of wind hite the building, end
~ #lopes down graduelly ae the inner pressure builds up. in
the mesntime the traue windwerd hesd may heve been at @ oone
stant high value, but the geuge will have shown e steedy ;/
decrease, aué'sﬁlaly to the change in tﬁs éeferenc§Apfes~
gure. The __sam thing appliss to the leewerd pmséufes, hﬁt
here the effect is ruversed, es an imcréesé in th@lrefer~
ence pressure increases the anpsrent suction mgiﬁtéreé by
the.gauga. The effect iz not so noticesble in the case of
the lesward pressure records because the heeds registered
wore quite small at &ll times, |
The response of the windward pressure to sn ine-
ercese in the veloelty prossure 1s dependent upen the di-
rection of the wind 8t the lnstent of inereasé.' The wmore
nearly normal the wind, the closer the sgreement between
the two curves, and vice verss. 4is 1t was previously ex-
nleined thet the directionsl sontrol was given up in order
to seoure bhetter sharts, the diresciions noted on the secom=
panylng curves are those of the prevailing winds durling the

rung, and are not to be tsken as meaning that the wind wes
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1a§£i&tiy'@aafin§d to that g&?§ﬂ~segﬁan% of the aampesa
_6irale. Ag 8 rala, the higher the win&, the nore unstable
_ite ﬁiraatiam is l&ahl& to be from minute to mianta, while
in the lower ranga& the direction is neﬁahxy*mara constant,
Henoe, th& leok of agreement %etweﬁn win&warﬁ and velaeity,
pressures is mort noticeable in the runa with higha; heeds
recorded in them. Run "k", the curves of wﬁiah §i1i be
found at the end of this ssotion, is en exception to this
rule, becsuse it w&é-tﬂk@g while the éi:eﬁﬁiﬁa contrel de=
vige wes ﬂtiil in uEs 4

 The leewsrd herd behaves in exestly the appoai%e
way frﬂm the wiméward heae, gg it b»eﬁmﬁ& mﬁre resyoasive
to chenges in valoeity when the wind 13 not narmal to the
-builé;n% than ahan‘it,;s normel. This is §artiaularly |
wﬁl;fbraught‘aat in thn’cﬁrvgé'gf‘run "4b%, 1Ip the éaatians,
mafkga “in aﬁ&g“z",vwhieh were one continucus streteh on
the'ériginal c¢herte, the winﬁ'aﬁaagaa from proetieally due
west to narthw@at, and the hithérta fine sgreement of the
vel&éity and wi&dwgré heaﬁ curves wes immedietely brokén
up, while the sgreemént between the velooity and leeward
hosd curves noticeably improved during this time. These
offects agree with previously obazyved phenomens eongerie
ing wind effects on obstruetions, a8 & wind at an angle of
lezsg than 90 degrees io the windward fsce producees 8
zrester sustion in the rear of the cbstacle peer the oorner
around which the wind is dlowing then & normel wind does.
Experiments with long structures have ghown thet the sue~

tion ie higher neer the windward cornsr than it is further
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along tha 1@&@@:& tﬁea, bat in the sase of %his amali
scuars %@wvr, the inerease in suetion wes probebly gen@ral
when the wimﬁ swung ar@uxa away from the normel sngle.

" The egresment between the verious pressures ree
corded is interesting to note in tha runs meatlaﬂeé, but
the @riginal trensoribed curves eonvey ne queantitsiive ides
of thelr zotual reletionship. lenee, it wes decided to
present their informstion inva wmodified form. To aceom-
plish thie 1% wes n@avaaary &@ sonstruct a set of ourves
whieh:wcuiérgreaent,tk@ results of & gomperison of the
various sreé@uwes throughout the six runs ineluded 1n.£hia
group, and would establish & relstion between tham. 1. 2
emrﬁingly, & set of axes were taoken w*th the veiaei%y heed
in ineh@s 0£ water as one ordinete, and the hesd induced
bv this veloelity héaé on the windward and leewsrd faces
of the building ns the other ~réimste. & large ﬁu@her of
pointe were then plotted, snd the paths of the curver on
Figure 10 were determined. The points themeslves are too
numereus to be shown, but with six rums to work from thers
is every reason to believe that the curves shown &ré correct.
The highef valuaes of both the leewsrd gnd windward prescures
weTe vory dafinital? feternined by the reletion of the prose
sure gurves in runm "k", which was fortunstely not only of
high veloecity, but limited to nesrly s due weet wind by the
directlion control.

It will be noted that the windward head ourve is

& straight line whose value is 80 per cent of the velosity
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head, The Ie&waré h@&é surve is stesp et the lowor part,
where it equals a%eut 40 y&r sent of tha vmlﬂeity heu&, ba%
drops ta around 13 per vent et tﬁe nigher values ar the
veloelty head, The third curve, ealled the "Total Heeﬁ“
is the sum of the windward aud 1@&warﬁ headg, snd ia sbout
egual in value to the veloeity ha&ﬁ. Tha totsl h&aﬂ axea@&s
th& valacity head at sama pﬁinha, whieh Beeng to be an anow-
maly until 1t is considered that the windward head is & sort
of. pil@&uﬁp maga of air, snd the leeward heed en atienuated
m&gicm in the rough ahape of 8 eone, and that it is not
necessary thet both be maint&iaeé by the seme group of moving
particles éf air, but mey be considered to be mainteined by
1nnummraﬁla partisles moving &t e high veloeity, which in
this way mey impart s total hesd to the pﬁesﬂure regiong of
more then their individusl heads. 4t the higher values of
the veloelty heed the totel hesd dreps off, dus to the fallw
ing off of the elépe of the lseward head curve,

In Tigure 11 the ocurves ét Figure 10 are showa
,agaln with the difference thet the indused hends ere drswn
sgalnet the vélﬂeity in mlles yer hour insgtead of the velow
eity hesd 1tselfs, 7The relstion beiwesn vélacity snd head in
Tluid Tliow, Va2 ghb, vhich reduces to # = %5.5’V§'far alr
2t ?0“£¢, where "4" is in m.p.hg and *P" in inches of water,
was uged Lor this tran&p@&it;qn.

Only one position of the windwerd pressure resorder
was used ip any one of these runs ag it wes thought demireble

to have & ¢omparison between the velue for the windward head
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in these experiuents and thet used. in the A.5.H. & V.7,
formale of . F = 930949 M, In Figur& 12, therefore, the
observed ﬁinéward haaa, the maximum.aalsulateé head, anﬁ
62 per cent mf the meximum esleulated hesd, which is used
88 sn average value by meny designers, sre all platﬁa&
egeaingt the V@l@@i%y in m.p.h.  The rgaulting'aurvaa show
that the observed hesd lies batween %h@vbther two in vaiﬁﬁ,
and approximstes 80 per eent of the v&luﬁ of the maximum |
hesd given by the formuls. One péint reatinge cennot be
eonsidered es giving & true évaraga nf %ha pressure on the 
face of a wall, especlelly when the building ie es irregu-
ler se the Unilon Yower, but trom tﬁeﬁ& Gﬂr?%ﬁrit'WQﬁl& ap-
peer that the point selected waz se nearly right as eould
heve baaa Tound, | | |

iIn the lest of the met of curves besed on this
series of runs, - igure 13, the totel displecing fores of
the wind on the building or the sum of the windward and
leeward hesds, was converted from inches of weter to
pounds per squere foot, and plotted sgainet the velosity,
Then the value of the registanve that would be offered by
e flat plate vormsl to the wind was ocomputeéd from the well
known formmla P = ,0032 AMZ, when P 1s in pounde per sguere
foot, 4 in square feet, end M in m.p.h. This formule is
uged extensively in serodyunanmigal wark, and weg originally
deterained by Yiffel in his resesrch on the subdjeet. It is
givern in Yarner's "hlrpleane Design™, and MHonteith's "Simple

serodysemics and the zirplene”; with the coefficlent 0038
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as used here. When the flat plate resistance in pounda ver
square foot 1s also plotted ageinst the velooity in m.peh. it is
seen thsat the two eurves are very similar im form, but that the
wind pressuye 1s at all $imes less than the flet plate resistance.
This is what might be expected, since a flat plate offers more
opportunity for viclent eddlies and vortices to form immediately
behind it than does a building with eonsidersbls depth. The
resultant decreass In sucticn, or leewnrd hond, bshind a buillding
is suflicient ¥o aceount for ths lowsr totsl displscing foree,
as evidenced in the curves sﬁewn§ However, the agreemsnt is
eloser than would at first be expected when the difference in
the form of the two obstructions in the path of the wind is
sonsldered,

Hinds COther Thon Normal to the Buildinge.

The runs wien the wiand wes at angles other than
80 degrses to the fzee of the tower are not eapable of belng
grouped together and snalyzed a5 @& whols, becauss of the
varying effects resulting from slight ehanges in direotion,
ané the virtual Impossibility of obtaining duplicste reeords
in the short time avallable. They will therefore be itreated
individually.
Bun "y": Run "y" was taken when there wus a very strong wind
eoming from 20 degrees west of sputh. To mest this condition
the gauge in the tower yoom which weos usually on the west side
wns moved %o the pouth side of the room, the olher gaugs being
lef% on the esst side. As the wind was not normsl to any one
Tace, ther: w.s no way toget a strietly windward and loswerd

preasure relation, but In the titling of the charts, the south
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tece 1e spoken of &s "windwsrd” and the esst famoe &s
"lecward” beceuse they mast nesrly estisly normal condi-
tions,

It will be seen from the pressgure aurves'qr run
"y" thet the run was remarkeble in that high and lew}velo*
oltise ovecuryred in quick zugamsaien, The windwerd pf&aﬁa?m
surve Iollows the véleaity pressure curve quita closely,
with ne periods of serked diverpence from the gesﬁral trend
of the velocity heed line. This is what would be expected
when it is considered that the wind wms only 20 deprees
from normal to the south fuge of the building most of the
time, and thet the general eff@@ts noted in the westerly
runs were of the same charscier, ﬁow@vér;'thé leeward
head enrve is quite different from any'éueountered before,
It foliows, or mirrors, the veloeity head curve very
¢losely, and the megnitude of the vaeuum formed is grester
than in any other cease noted. iz the wind swept arﬁund the
southeast corner of the tower, a mioh grester veouum was
formed on the east fase than when the flow was due west
glong the south gide, “he eddy ocurrents formed were natur-
ally meore violent with this engling dirsetion of the wind,
and were more nesrly coumparable to thoss formed behind a
thin, flat plate, than belind & duilding.

%hen the indueced heads are plotted srainst the
vaeloolity head in Figure 14, the differences detween &
normal end 8n angline wind become very appsrent. The wind-

werd hesd 18 les: affeeted than the leeward, Instead of
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heing 80 per cent of the velocity head, the windward now
equals aboul 74 per oent, and is still & straight-line
fungtion. The leewsrd head curve, however, st&rté off as
& stralght line at lower values of the velocity hesd, end
instecd of deereasing its slops, inoreases it until the
velooity head is .80 inck of water. The lesward head is
«R% ineh, or 36.2 per cent, insteed of 15 per osnt et &
similar point in the ¢ase of the normal to bailﬁing TUnS.
The sum of the winde-ward and leeward hesds iz nearly equal
to the veloeity heesd throughout its range.

#ith the indueced hesds plotted sgeainst veloolity
instend of veloelty hesd in ¥igure 15, the differsnce is&
s8ti1l more ¢lesrly merked between thess ourves and those
of normal winds. The sum of the leewsrd and windward
heads does not sguel the lineer Alsplseing fayﬁe of the
wind on the building, however, as the two fﬁées coneldersd
sre not opposite gides of the tower, It ls also guite
probable that 1T the instruments hed been connected to
different points along the sest end south feves of the
tower, the resultsnt ourves would have hadé & different
trend from those obtained with the gsuges connested to
as near the centaer of the fsces as the window openings
would permait, which wes the ease during this run. .This
ig particularly true in the cese of the leeward hesad
eurve, pegsause of the non-uniform suetion zone formed
by the ansling wind on the eust fage., The mnusualiy
wide rense of the pregsureg obtalined during this run

made 1t possible tc sscure a large nusber of points by
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whieh to plot these curves, & cireuzstanes whieh wes quite
fortunate., The windwerd pressure qurve wes aat‘s@mpere&4
with;%he.ealeul&teé ?alué, ené the displecing force obe-
sorved wes not drawn apainst the flst plate resistsnce
beaauss the sases were not Bnelogous in this inctance.

Runs "s" end "t7: Runs "8" and "%t“ were mede om the some

day, and with the w»ind ranging from north to northwest,
They do not fall into the normel elasss therefore, end are
interesting beceuse &% some times the wind wes elumost
perallsl %o the two faces of the building where the gauges
were located.

In run "g", the sgreement between the leeward and
the velocity~hesd curves 1s perheps the best of any run
teken, ¥ith the horizontsl axis as & herizon, the leewerd-
heed ourve appears 1o be e refleotion of the velooity~hesd
iine, and follows its changes very Tal¢hfully. Thig ie due
to the more proncunced effest thet an engling wind has uﬁaa
the suoction zone st the rear fsce of the building near the
corner sround whioh It mweeps ther =2 normsl wind has upen
the suotion zone extending «eross the whole read of the
bulliding. 7The windward pressure gsuge evidently did not
respond to the slight pressure built up until "5" on the
time scsle, sfter this point it funetioned properly, end
the agre«ment of the windward~head curve with the velosity-
hesd curve is very good for the rest of the mn. The range

of prespures tzken wes not suflieient upon which to base
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gurves giving the relationships established in other runs,
a8 the meximun veloeolity hesd was only .20 ineh of water.

The first half of rum "t* is without eny par-
ticulerly noteworthy featu;es, but in the geoond éhast of
the curves iraced from the cherts of this run, a‘ve?y
‘peculler behavior of the windward head curve is apparent,
¥ith the veléeity heaﬁ renging between ,02 and .26 ineh of
water, the windwerd head hovers sround the ZSTO DresBuUre
‘line, vising only to 402 inch of water se & maximum snd
actuaelly beeoming =.02 inoh et two polnte on the curve.
The instrument was epparently not jsmwed or stuck, because
minor flustuations occurred during the time in whieh it
ragis%eﬁeﬁ Zero plus or minue ,OL inch of water,

The explanstion of thess phencmens lies in the
faoct thaet when the wind swings sround té an angle of 1B
degrees or less with the windward face of s buil&iﬂg, the
pressure on that fsce becomes negotive rether then posi-
tive. This was observed in model tests mede %o determine
certein fsets conserning netural ventiletion. It ié inter~
esting to have it substeniiated by these resuits, though
the exact angle ol the wind at which the pressuré ehahgeﬂ
aver eoculd not be determined in this e&se,Ass it wes when
models of buildings were used in & wind tunnel.

Aup “ke": Hun "As" was & gpeolsl run mede with the wind
| éaming from &, BO® V., and with the south windows of the
tower room s8ll open end the pressure gauge on the south

side of the room. 7The pressure line ran 10 sn open



=87~

window and wes fastened to & voard pleeed as usuel 1n the
window opening., The veloclty preéssure wag not teken dur-
ing this run es the wind was so high that 1t wes fesred
thet garm@nent injury might b done to the gauge if it
were connested. However, &5 thisz run wes taken on the saue
afternoon as Lunm "Y', an idee of the volooity heed mey be
obtained from thet TUR, though they were higher yet for
Run ”A&”.f ¥ith the windows on the windward side open, and
all other openings in the r@@ﬁ,elﬂa@ﬁ, It will be‘natia&&
that the ﬁiﬁéwaré~9regsura turve roughly resembles a.a&wn
tooth effeet,. & sudden gust of wind would build the pres-
surée up ilmmedigtely, then im m lull ef the wind ihe pres-
sure would graduselly diminish until the next gust. The
room seemed to set as a surge tenk in e water oireuit, the
air within 1{ belng cowmpressed by sudden lsrge pressure
Jumps outside and then belng released graﬁuﬁliy‘witﬁin~a
reriod of abmt 10 geconds,

It iz noteworthy that the pressure wss =t all
timeg grester than zero, whiech shows thet there wes enough
exfiltretion from the room to maintain e pressure differ-
ential betwwen the outer fsee of the window and the room
immedistely inside, 8 on opposite sides of & digphragm in
an oriflce meter. This 18 geritain, boesuse 1T there were
ne flow through the windows, the pressure inside wuld
have equalled that ocutside, snd %ﬁe guuge would not have

regponded 8t all. 4t one point on the curve, when the
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door was ap@ﬁaé; the prescure re&ﬁin&d nearly constsnt for
a short time, as the flow through %&e room inocreased, Ine
sidentally the pressure on the deor, which epenéé outwards,
was séffiaianﬁ to reguire considerabls effort to eclose 1it.
¥hen elosed, the door was tight fltting, and all of the
winéawa were squivped with mﬁtagliﬁ westher etripping, eo
it is probadle that for en un-weather-giripped sesh the
base line of the §reésura»earw% would hawe_hasn higher in

value.



Velocity Pressure Chart
RunAb" 8/2450 Wi W Wind
Fig.T



Windward Fessure Chart
RunAb" 52450 W/YW Wind
Fig.8.



[ ceward Fressure Chart
P 50430 WrllW Wind
Fig.d.
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ORDS OF THE YIND IN DETROIY

It was thought desirable {o securs some information
regarding tha past behavior of the wind, upon which predic-
tions of future winds might be based. As Detroit was conven-
ient and the leeal station of the Weather Bureau of the United
States Depertment of asgriculture keeps a very eomplete record
of the winds, 1% was deeided to make use of thelr observaw
tlons. Ascordingly, through the sourlesy of Mr, Conger, the
chiel weteorologist, records for the last four winters, 1586~
27 through 1886-30, were studied for ihe thres months of
Deoenber, Januery, and Februery, and data taken on the daily
average temperature and the veloeity and direction of ths wind
for every hour of the day. The ihres months chosen are the
goldest onss in the year, and are thoss during whiekh the in~
filtration of air due to induced wind pressures is most
important in the hesting of buildings.

In its originel econdition the information gathersd
wes of little direst velue, Therefors, to make it more read-

able it was rearranged in the following manner: Ths anemometer

records geve the direction of the wind by the four eardinal
points of ihe compass or a combination of twe adjecent points
to indicate an Intermediste directlion, so the eight different
directions noted in the log book were used as headings, and
the nwaber of hours per year, during the daylight hours of



6 aua. to 6 p.m., that the wind blew im that direetion with
@ veloeity of 10 m.p.h. or more, was nmoted below. It was
deeided to restrict the compllation of this data to these
hours, beesuse the heating load of large buildings is great-
est during the dey and diminishes at night, when the majority
of the oveupsnts are awhy. 761 R.p.l. wis set ss the lower
lizit of the wind data as the pressures induved by winds of
less than this veloeily are practically negligible when cone
sidering infiltration, In Table I whioh presents this data
two columns of figures will be found under sach winter's
heading in esash direstion. The left-hand figurs gives the
gumber of hours during that winter ithat the wind blew with
the velooily given at the lefi of the psge, while the righte
hand solumn carries a running total of all the hours of wind
at that and all higher veloeities., The percentage of the
total number of hours of wind of any direction for any one
season 15 given at the bottom of the eolumn for that winter,
while the &varagm percentage for four winters occupiess tha
spaoe below this, undsr the dirsotion heasding.

_ The perosntage rﬁaults are more vividly shown in
Figure 16 where there is & graphiaal representation ol the
same flgures shown in Table 1. The ootagon represents the
eight directicuns, while the length of the bar erected on
sach slde of the oeotagon represents the peresntage of total
wind in that direction for each season. The overwhelming
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predoninance of southwest and west winds is surprising at
first glance ané; wihils the pér@anﬁaga'in the various direge
tions might be expecied to faper off gralduslly from the preo-
vailing southwest as it does2 in the eclockwise ﬁi&aeﬁia&, the
suddsn drop when going from southwest to south is very uaususl.
Daring the daylight hours of the winter of 192930 there wasz
8ot & single hour during whieh the wind Biaw from ths south
with & veloeity of 10 m.p.h, or mors. If the winters of 192f-
27 aud 1927-28 were aaasiﬂergﬁ7alanw% the narﬁﬁﬂas% ﬂiaﬁa
would be more prominent than when all four winters are eonside
ered, This suggests ths possibility of a false conslusion
being drawn from four seasons’ aversges and alsc ithat an anely-
sis over a longsr period of times might bs veluable. However,
time 414 not péxmit of sueh an anslysis when the distinet dif-
ference betwesn the winters of 1927-88 and 1928-29 was noted.
Figure 16 gives a good idea of the genersl distri-
bution of the wind in Detroit, but gives no clue as to veloelty
with which it blew in the verious direetions. The values Top
the four winters were averaged, therefore, snd the &istribution
of total hours of 10 m.p.h. and above in each directien ls
shown in Figure 1%. The totals for sach direction are also
split up to show the duration of winds of varying velocities.
The first step out from the sentral vetagon includes all those
from 10 to 15 m.p.h., the next, those from 15 %o 20 m.p.h., and
80 On.

The predominanee of the southwsst winds is again
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striking not enly in quentity, bus in winds of high valooity.
There 12 more than alf again as much southwest wind of over
20 m.p.h, than there is from all the other divestions put to=
gether, A tendeney for the higher winds to come from the
southwest is shown by the faet thai there is morve west wiad of
10-15 m.p.h. then there is southwest wind of that veloeity
renge, walle in all the othey veloolty ranges, the southwest
exeeeds the west windas, IV would seem from thaee resulis that
in planning to combat wind Infiltratlion, the southwest and west
wind would be the only ones o be sonaidered in the Detroit
distriet.

The temperatures for each dirsction werse carefully
averaged for the four seasons, and will also be found on Figure
17, at ths ends of the wind-time figurs. They are somewhat
higher thay might be exposied for those months of the year, but
the relative velues of the noriherly and southerly direetions
are what one would expact. The intermediate temperatures also
follow a regular order, as the temperatures inerease from north
%o south, both ways eround the figure. Though it does not show
in this fisure, while the origimal data was belng taken it was
noticed that the days during whioh the highest winds were ob-
served were not those of extremely low temperatures. Ian fact,
the high winds were accompanied by moderate temperstures, and
on the very ecldest days the winds were not partisulerly high.
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Thus tho established prastise of ¥i gurizg iafiltretion for the
M@Mﬂ pinds and 1mt tmmw ohasryed iz & locality
‘would uppesar Lo be mly maﬂm* winoe m TR ROrst eon~
ditions dn not osewr simultansously.
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FI1&G. /6.
DISTRIBUTION OF WINDS
WITH A VELOC/TY OF /0 MPH AND OVER.
DURING DAYLIGHT HOURS OF DEC,JAN, AND FEB.
N DETROIT, MICHIGAN.
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SCALE : /7 =5 Obps.

FIG. 7.

AMOUNT OF WIND AND AVERAGE TEMPERATURES
FOR THE WINTERS 192627 THRU /929-30.

W DETROIT, NMICHIGAN,
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From eonsideration of the resulis of the effect of
$he wind around a building 1% is apperent that when the wind
iz normel to a leace of the building the windward pressure
varies directly as the veloeity head, end is egqual to about
80 per gent of the veloeity head. The leeward preasure does
not vary directly as the veloeity head, but is equal to adout
13 per cent of the velooity hesd at the higher values of the
veloeity head. The total head induced by the winds is slight~
ly grester than the velosity hesd mﬁu} the veloesity mahea‘
32 m.p.B., where 1t is equal to it. Above 33 m.p.h. the toial
indueced head falls below the wveloelty head until at 43 m.p.h.,
the limit of the eurves drawn, it iz equsl %o ebout $3.5 per
esnt of the velosity head. The observed windwerd head fallm
between the maximum head ealeoulated from the formula p =
.00048K%, and the value generally used by designers, which
is 88 psi sent of the maximum saloulated hesd, The observed
nead is BC per cent of the caloulated head in these ests.

¥hen the wind wes not normal to the fase of the
building, the windward head was sbout 74 par cent of the Ve
loeity head, for a wind 20 degrees leas than normal to the
fage. The lesward head is greatsr than in the ease of the
normel winds, as 1t egquals 23 per sent at the higher ranges
of the velosity hesd, The sum of the windward and lesward
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heads is equal to the veloelty head upy to & veloeily of 28
m.p,h. and then rises slightly above the veleeity head in
value.

When the wind besomes nsarly parallel to the feece of
8 building, the windward paaagﬁrw.flaatnaﬁaﬁ beteaen positive
and negative valuss. The eriticsl aengle for ithis chenge is
with the wind at about 18 degrees to the face of the building.

With only the windward windows of a bdbullding open,
there im still encugh exfiltretion from the room %o maintain
a pressure difference acrass the open windows shioch veries ia
value with the veloelity of the wind and the«air-%ightnaﬁa of
the roocm.

The rescords of the winds in Detroit for the past
four winters show that the west zand southwest winds are the
predominating ones for that vieiniiy; also that the latter
are those having the higher vaiaaitiaay The northwest winds
Bre gulte prominent, but the south winds are almost negligible
in smount. The temperaturss for the ssme periocd of time are
fairly high, and refute the idea thet high winds sccompany
low-temperature periods, as only moderstse winds were observed

during the esld snaps.
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AlIM SCANNER TEST CHART # 2
Spectra

ABCDEFGHIJKLMNOPQRSTUVWXY; il 12,/ 780
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijkimnoparstuvwxyz;:™,./?$0123456789

ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijkimnopgrstuvwxyz;:*,./?$0123456789
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijkimnopgrstuvwxyz;:*,./?$0123456789

Times Roman
ABCDEFGHIJKLMNOPQRSTUY WX YZabedefghijkimnopqrstuvwxyz;-*../ 280123456789
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijklmnopgrstuvwxyz;:*,./7$0123456789

ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijkimnopqrstuvwxyz;:**,./7$0123456789
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijklmnopqrstuvwxyz;:*,./?$0123456789

Century Schoolbook Bold

ABCDEFGHIJKLMNOPQRSTUVWXY!
ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnoparstuvwxyz;:™,./ 250123456789

ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz;:,./?$0123456789
ABCDEFGHIJKLMNOPQRSTUVWXY Zabcdefghijklmnopqrstuvwxyz;:,./?7$0123456789

News Gothic Bold Reversed

ABCDEFGHIJKLMNOPQRSTUVWXYZabcdelghljklmnopqrstuvwx ?$0123456789

ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijkimnopgrstuvwxyz;:”,./2$0123456789
ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijkimnopqrstuvwxyz;:”*,./?$0123456789

Bodoni Italic

ABCDEFCHIJKLL ORSTUVWX Y7 /780123456789
ABCDEFGHIJKLMNOPQRSTUVWX YZab, defighi, ijklmnop /280123456789

ABCDEFCHIJKLMNOPQRSTUVWXYZabcdefghijlmnopqrstuvuxyz, /280123456789
ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz;:”,./?801£3456 789
Greek and Math Symbols

ABFAEZOHIKAMNOIIGPETY QX ¥ZaBySek0nuchuvombporvaxl= T,/ S+ = #'> <hds <=
ABTAEEOHIKAMNOII®PETY QXYZaBydetOnikApvordporvoxPl=TF",. [ S+ =7£"> <PL><=

ABI'AEZOHIKAMNOI®PETY QXYZaBydetdnikApvomrdpomvoxPl=TF",. | S+ #"> <PL><=

ABTAEZOHIKAMNOII®PETY QXY ZaBydeEOnikA\pvomdporyboxy=TF",. /§i=;€> <PLe<=
White Black Isolated Characters
e m 1 2 3
4 5 6 7 o
8 9 0 h I

HALFTONE WEDGES

6543

A4 Page 6543210

0123456
6,

= NWBND

A4 Page 6543210

=W BN

6543
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MEMORIAL DRIVE, ROCHESTER, NEW YORK

RIT ALPHANUMERIC RESOLUTION TEST OBJECT, RT-171
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