
July 1963 

INVESTIGATION OF THE 

CANDELSTICK PARK WIND PROBLE 
(/) 

Volume II: Wind-Tunnel Model ~dy--d' ~ 1 

~ ~ .-
c:O ' V) 

~ = g 
by 

0 ' 
..J I o : 
c.;) 1 

J. E. Cermak, R. C. Malhotra, E. J. □Plate - ~ i 

under contract with 

Metronics Associates, Inc. 
Stanford Industrial Park 
Palo Alto, California 

Fluid Mechanics Program 
College of Engineering 

Colorado State University 
Fort Collins, Colorado 

CER63JEC-RCM-EJP27 



ABSTRACT 

The overall purpose of this investigation is to determine whether 

or not there are practical methods for controlling the afternoon winds at 

CandJ.estick Park in order to alleviate the unsatisfactory wind conditions 

which now exist. 

Field observations have shown that two characteristic and distinc­

tive wind flow patterns exist within the stadium. Each results fran the 

interaction of B~ View Hill on the unidirectional air flow approaching the 

stadium complex. 

These wind conditions have been reproduced in a 1:768 scale model 

of the Bay View Hill-stadium complex, demonstrating that the wind-flow pat­

terns observed in the model are directly correlated with those in the stadium 

complex, i.e. the prototype. Accordingly, changes in the wind-flow patterns 

resulting from modifications in the model can be evaluated in terms of corres­

ponding modifications in the prototype. 

Approximately 150 different model-wind flow situations have been 

examined. From the results obtained it is evident that elimination of the 

objectionable features of the existing flow patterns, and a general reduction 
' if wind speed within the stadium, can be achieved if both Bay View Hill and 

the stadium are modified as follows: 

Bay View Hill - Cut a slot through the south end of the hill 

tangent to the Left-Field edge of the stands or, 

remove the southerly portion of the hill. 

Stadium - Partial.ly cover the stadium with a protective dome extend­

ing beyond the infield, or erect a vertical screen on 

top of the rim between 50 and 100 feet high, or install 

vanes on top of the rim to deflect the wind vertically. 

Modifications which are not effective singly or 1n combination includes: 

Complete removal or reduction in elevation of Bay View Hill; partial 

or c:omplete exteru;ion of the upper stands around the outfield; addi­

tion of solid, porous or deflecting barriers on Bay View Hill ?r 

a.cross left field or completely around the outfield. 
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PURPOSE AND OBJECTIVE OF THE INVESTIGAT:1:0:N 

The purpose of this investigation is to determine what practical 

measures can be taken to alleviate the unsatisfactory wind conditions in 

Candlestick Park short of covering the entire stadium. Engineering concepts 

rather than design details are invcstig~ted with engineering feesibility 

rather than economic and aesthetic factors being given first consideration. 

Because the unfavorable winds in the ballpark are a direct result 

of the strong westerly diurnal flow of marine air into the Bay Area, the 

first objective of the investigation was to define by field mei:-.surem.ents the 

unknown circulation patterns within the ballpark originating from the 

westerly wind. The second objective was to determine through use of a wind­

tunnel model of Bay View Hill and CandleGtick Park the effectiveness of var­

ious terrain and structural modifications in reducing the wind speed or 

changing the existing circulatio:i patterns wit.bin Candlesticlt Park. An 
·' 

esse~tial part of the latter objective was the deli.neation of those modifi­

cations which are ineffective so that they can be eliminated fro!Il further 

cqnsideration. 

Results of the investigation are presented in three volumes and a 

s~ven-reel motion picture. Volume I is a detailed report of the prototype 

win~ studies, Volume II is a detailed account of the wind-tunnel mod~l study, 

Volume III presents the conclusions and recommendations together with a 

non-technical summary of the investigation. The motion picture shows proto­

type wind flow patterns and model performance for ea.ch of the 150 combinations 

of configurations and wind directions studied. 

ix 



I. INTRODUCTION 

Ever since Candlestick Baseball Park was built at San Francisco, 

some four years ago, both fans and baseball players have been annoyed by 

the peculiar wind patterns generated during the afternoons. The local wind 

patterns in Candlestick Park are fixed by the following two features: (1) 

the geoJ1etry of Bay View Hill located ~o the west of the stadium and running 

approximately in a direction 30° north of west to 30° south of east; and 

(2) the sharp features of the stadium itself. Even though the strong 

afternoon flow of marine air from the west into the Bay Area cannot be 

stopped, there does exist the possibility of making the ballpark more pleasant 

by diverting the winds locally by modifying Bay View Hill, the stadium or 

both. 

Stin;ulated by the increase in complaints about the wind during the 

1961 major league all-star game, the administration of the City and County 

of San Francisco made the decision to thoroughly investigate the problem. 

Consequently, a joint field and model study was initiated. This report 

pertains to the wind-tunnel modeling phase of the investigation. 

The objectives of the model study were fourfold: 

(1) to help determine the objectionable features of the wind 

pattern in the existing stadium, 

(2) to determine the reproducibility of prototype wind patterns 

for neutral atmospheric conditions, 

(3) to determine wind patterns and wind stability for the model 

of Candlestick Park under various combinations of modified topography and 

stadium structure for neutral atmospheric conditions, and 

(4) to determine if any combination of modified topography and 

stadium structure studied in objective (3) can remove or reduce the objec­

tionable characteristics in the existing wind patterns in Candlestick Park. 

II. PREVIOUS STUDIES ON 'IERRAIN AERODYNAMICS 

Generally speaking, wind probl.ems such as are encountered in the 

Candlestick Park Baseball Stadium may be classified under the broad heading 
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of "Terrain Aerodynamics". Terrain aerodynamics may be described as a study, 

laboratory and/or field, of the effect of local topography on the wind dis­

tribution and the contribution of the terrain to the local turbulence or 

gustiness. 

One of the earliest scale model experiments for this type of 

study was carried out in Japan by Abe1 in 1928 with a model of Mount Fujiyama. 

The contours of Fujiyama being quite smooth, the flow pattern was affected 

to a large degree by the local Reynolds number. Thus, the model flow patterns 

obtained were not even qualitatively close to that observed in actual field 

tests. On the other hand, Reynolds number effects have less influence on 

flow over rough, craggy terrain; therefore, true mean flow patterns can be 

obtained from the wind tunnel air flow over a scale model of such terrain. 

An example of a successful study of terrain aerodynamics in the 

laboratory was that performed, in 1929 at the National Physical Laboratory 

of Great Brita.in2, on the 1:5000 - scale model of the Rock of Gibraltar in 

a low-speed wind tunnel: 

In the model investigation two methods were used to determine the 

wind patterns caused by the Rock. In the first, an extensive grid of some 

&:>o 11flags", two-inch silk fibers spaced at regular lateral and vertical 

intervals, was fixed within the wind tunnel. These flags were observed for 

range and violence of movement and for prevailing wind directio~ in pitch 
' 

and y~w, In the second method, long streamers of fine wool fibers were 

placed in var,ious criticaJ. positions, and a record of streamline patterns 

was made. The wind speed used was about 25 feet per second, and the wind 

direction was varied from NE through E to SE. It was found that wind 

l Ab M e, • Mountain clouds, their forms and connected air currents. 
Bull. Cent. Meteor. Obs. Tokyo, vol. 7, no. 3, 1929. 

2 Field, J. H. and Warden, R. A survey of the air currents in the 
Bay of Gibraltar in 1929-1930. Geophysical Memoir No. 59, 
Meteorological Office, Great Britain, 1932, 
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directions and the distribution of vortices and vertical currents obtained 

with the model agreed closely with those occurring in nature at Gibraltar. 

In the case· of features of the wind such as the actual intensity of gustiness 

and the rapidity of changes in direction and gustiness, the modeled flow 

l:as not ih good agreement with the prototype flow• 

More recently flow over a l:275 - scale model of a building was 

studied.3 

From the brief review of "terrain aerodynamics" given above, it 

is seen that several scale model studies of the wind pattern over terrain 

models have been conducted in the past - most of these have been partially 

successful. In general, modeling of flow over rough topography bas yielded 

satisfactory results. Thus, modelj_ng of the wind pattern at Candlestick 

Pa.rk is a feasible undertaking. 

III. EXPERIMENTAL n).UIPMENT 

In this section the wind. tunnel, the models and the equipment used 

to make the measurements will be described. 

A. Wind Tunnel 

The investigation of flow over the model was conducted in a wind 

tunnel with a 6 ft square, 35 ft long test section. The tunnel was of the 

recirculating type and was powered by a constant-speed, variable-pitch 75 HP 

fan (see Fig. 1). 
The air entered the test section from a stilling chamber of 12 ft 

x 12 ft cross section through a set of two stainless steel screens and a 

contraction section in which the area ,:c.s reduced from 12 ft x 12 ft to 

6 ft x 6 ft. The turbulence present in the air stream due to action of 

the fan and the turning va,nes in the corners was broken down into small 

eddies by the screens. The screens serve also to reduce non-uniformities 

in mean velocity across the entrance section. Thus, the air enters the 

3 Dau, K. W:f.nd tunnel tests of the Toronto City Hall. University of 
Toronto, Institute of Aerophysics, Tech. Note No. 50, 1961. 
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test section uniformly distributed and with a low initial level of turbu­

lence. 

A zero longitudinal pressure gradient was maintained in the test 

section, with the pressure being nearly atmospheric . All the tests were 

conducted at a wind speed of approximately 30 feet per second. Because the 

local topography, rather than thermal stability, appeared to dominate the 

flow pattern in the stadium and its vicinity, all tests were conducted 

under neutral stability conditions. 

B. Models 

For a neutral atmosphere, inertial characteristics of the air 

flow dominate the wind pattern when the geometry changes abruptly in height. 

Thus, a true geometrical model with test wind speeds of the same order-of­

magnitude as in the prototype were required for the investigation . With 

an undistorted scale model, wind directions for the modeled flow should 

correspond to prototype flow wind direction and dimensionless model wind 

speeds (local wind speed/characteristic wind speed -- u /U ) should 
m m 

correspond to dimensionless prototype wind speeds u /u when compared 
p p 

at similar locations. Dimensional arguments innnediately yield the result 

that gust frequency for the model flow f is related to gust frequency 
m 

for the prototype flow f by 
p 

um LP 
fm = U L f 

p m P 

where Lp/Lm is the ratio of characteristic lengths for prototype and 

model. When U /u is approximately unity the model gust frequencies will 
m P 

be larger than prototype frequencies by a factor L /L • 
p m 

The choice of scale for the model was governed entirely by two 

factors: (a) size of the wind tunnel and (b) inclusion of the necessary 

topography that affected the wind patterns in the stadium. A scale of 

l:E3oO was selected for the model -- the largest scale possible that would 

include the total hill . for all desired wind directions. 
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The model of Bay View Hill was made from a mixture of light weight 

aggregate and cement which was shaped according to contours given by a 

contour map supplied by the City and County of San Francisco (see map). 

The model was made in two sections with each mounted on a six-foot diameter 

semicircular plywood (see Fig. 2). The base represented the surface of 

San Francisco Bay. The model of the hill and the base were mounted on a 

turntable raised about six inches above the wind-tunnel floor. Thus, it 

was possible to rotate the model through an angle of 360° to obtain any 

desired wind direction. This model of the hill has been called the "original 

hill" --in al.l subsequent sections of this report. 

Miniature trees, made of Norwegian Lichens, were glued to the north 

•side of .the hill to simu.1ate the vegetation on the hill slopes. Photogral)hs 

of the prototype were used to locate these trees on the model. 

Smoke orifices made from 1/4 inch copper tubing were mounted flush 

with the hill slopes at various critical. locations. These orifices were 

connected through 11Tygon 11 tubing to kerosene smoke generators located out­

side the tunnel. The raised turntable gave easy access to the orifice 

connections. 

Upstream and downstream ramps, two feet and four feet in length 

respectively, were used to give a smooth transition between the floor of 

the wind-tunnel test section and the base of the model (see Fig. 3). The 

leading edge of the upstream ramp and the trailing edge of the downstream 

ramp were shaped to give smooth transitions. 

The model of the stadium itself was made with a framework of sheet 

metal and a plaster-of-paris filler from detail drawings furnished by the 

City and County of San Francisco. Two scales were used for the stadium 

model -- l:4oO and l:~. The l:8o0 scal.e model was used for most 

of the study. The l:4oo scal.e model was used to test the effect of model 

scal.e on the flow pattern within the stadium by comparison with the pattern 

observed in the l:8oo scale model (no hill present in both cases). Smoke 

outlets were provided in the l:8o0 scale model at Sections 2-4 in the upper 

stands and Sections 22-24 in the lower stands. The parking lot was al.so 

included in the model. 

* The true seal.es used were 1:384 and 1:768. 
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Several modified forms of Bay View Hill and the stadium were 

made . These were made with the same materials and in an identical manner 

as the original models. A description of these modifications will be 

found in a later section . 

c. Techniques of Measurement 

In order to judge the degree o~ turbulence of the wind and to 

record its range of direction in a horizontal plane, and to determine the 

streamline pattern, an extensive grid of pivoted streamers was constructed 

at various critical locations on Bay View Hill, in the stadium and in the 

parking lot. These streamers were approximately one-inch long "Orlon" 

yarns glued on glass beads that were free to rotate in a horizontal plane 

on a pin (see Fig. 4). The pins could be fixed upright at any desired 

position on the model with the yarn attached at any height. Usi. ng these 

streamers, one could estimate the main or predominant position of each 

streamer and the total range of angle variation in a horizontal plane. 

In general, the range extended symmetrically on the two sides of the pre­

dominant positions; but there were cases where no predominant direction 

occurred, but merely continuous oscillations between the recorded range 

limits, or even complete rotary motion occurred. 

In addition to the pivoted streamers, kerosene smoke was released 

continuously at critical locations in the model as a means of visualizing 

the streamline pattern. These two methods -- smoke and pivoted streamers, 

were not used simultaneously, but merely to supplement each other. 

Motion pictures with a 16mm. Reflex Type Paillard Bolex camera 

were used to record the complete moticc: of the streamers* , Diagrams of 

the flow pattern were then drawn from these motion pictures by taking 

each streamer in turn and estimating its mean direction and the prevailing 

direction in yaw. 

A composite motion picture showing a short sequence of pictures for all 
configurations of hill and stadium examined has been prepared. Table 2, Details 
of Modifications (p. 78), . describes scenes in the order of appearance 
in the film. This film should be referred to by those wishing to study 
the model results in detail. 
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Mean velocity measurement s were aJ.so made at five locations in 

the model. These measurements were made by a manually balanced mean-velocity, 

constant-temperature, hot-wire ane:n.ometer. The circuit diagram of this 

instrument is shown in Fig. 5. The sensing element consisted of a o.4 inch 

length of Q.001 inch diameter plo.tj_num wire mounted on the tips of two 

pia.no wire prongs, the other ends of tbe prongs were embedded in plastic. 

The hot-wire was calibrated. by m~a.:".ls of a pitot tube and a Flow Corporation 

micromanometer. After calibration the hot-wire probe was placed in the 

wind tunnel with the sensing element normal to the flow and the velocity 

measured at each of the five lcc;::i.t i ons (see Fj_g. 6 for these locations). 

IV. CORRELATION PHASE 

A. Introduction 

The objective of this phase of the work was to make measurements 

of air flow over o. lu.Ocl:?l cf the ex.ist:i..r..g hill end stadium, using pivoted 

streamers ::md anemoru~try :i.n order to estc~blish model-prototype correlations 

in tem.s of the mec.n circulo.t t on p:-..ttern in and around the stadium. In 

addition, based on these measurements ::.ud field measurements, the specific 

elements of the wind pattern which seem objectionable and should be elimi­

nated or modified wen~ to be entablished . 

This pa.rt of the inves·Gigation w.:i..s conducted at several wind speeds 

and over a re,nge of wind directions. The choice of the speeds and directions 

was based on the obse:::-vations made by M .. ~tronics Associates, Inc. at the 

field reference stnticn at McLa.ren water tank. Wind speeds and direction 

m.::a.surem.ents Were reco:::-dzd on e, twr:nty -four hour basis e;~ the reference 

station f r om April thrm:gh September 1962. The half-hourly average 

directions for the period 1300 - 18oO hou~s PDST were determined from the 

records (these are the prini..ary hours of interest for baseball games). The 

half-hourly averages were plotted in terms of frequency diagrams showing 

for each month the number of half-hourly periods in 3° direction increments . 
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The directions corresponding to the 5, 50, 95 percentile points on the 

frequency diagram together with the maximum direction for each month were 

then found. Fig. 7 is a summary of these wind direction reductions (details 

can be found in Vol. I of this investigation). As seen from this Fig. 7, 
90 percent of the hal.f-hourly average directions fall between West and 45°s 
of w. Consequently, measurements in the wind tunnel were made at 5° intervals 

between 6°s of W and 41 °s of W. The records a.t the McLaren water tank 

reference station also show that the wind speeds vary between 10 to 30 mph 

during 1300 - 18oo hours PDST in the months of April to September. Thus, 

the tests during this phase of the work were conducted with wind speeds 

at approximately lO, 20 and 30 mph. 

An assumption inherent in the above choice was that the year 1962 

was typical of past years. Records at the City Hall in San Francisco 

indicate that the wind was blowing from a more southerly direction in 1962 

than in past years. Since no previous records were kept at the McLaren 

water tank reference station, no conclusions can be made as to the validity 

of this assumption. 

B. Summary of Prototype !!S?! Pattern 

The following summary of the prototype flow patterns was obtained 

from field studies conducted by Metronics Associates, Inc. The patterns 

were inferred from movies of smoke releases and streamers in the stadium, 

the parking lot, and Bey View Hill. The summary is broken down into 

three subsections: (l) stadium pattern, (2) parking lot pattern, and (3) 

overall circulation over hill. The readers should refer to Vol. I of 

this report for more details. 

1. Stadium flow patterns: Two distinct types of patterns were observed. 

One is called for brevity, ''Left-Field Control" and the other "Southerly 

Control". No correlation was found between wind direction at McLaren water 

tank and these predom;f nant flow patterns. It was observed that the Left­

Field Control occurred during the major portion of time measurements were 



made. These distinct patterns existed even for the lower velocities, 

although they v.ere more marked at wind speeds around 30 mph. 

a. Left-Field Control: The following distinct features were 

observed for this type ot flow (refer to Figs. 8a and 8b): 
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(1) A large vortex fonned at S'!ction 32 of the upper stands . 

The sr..ke released always cleared the upper ste.nd end never 

obscured the end. 
(11) A predominant mean flow was observed going down third­

be.se line tovards home ple.te, impinging on Sections 7 through 

ll of the upper stands and then going over the top ,, of the 

rim and out of the stadj.um. 

(111) A clockwise flow formed in back of the lower stands 

trom Section 5 to Section 18, approximately. This flow is 

at relatively low speed, but is continu.'>'Us Md essentially 

non-variable. 

(iv) A pred.ominan.t flow car:ie from left field with interrupted 

flow parallel to the statds which moved away from heme plate 

at Section 23 of the l~wer stand ani Section 23 of the upper 

stand. 
( v) A clockwise flow was produced. under the upper-stand rim 

of Sections 2 - 4 becoming weak &t ter Sect:1.on:s 8 - 10, but 

persisting to Section 32. 

(vi) A 1a>0 shift in direction occurred parallel with the 

bottom edge of the upper stand at Section 1. The shift in 

direction took place at intervals ot appro~dmately ten seconds 

to cne m.1.nute. 

(Vii) A ~nn tlow extended from the left-field cpening across 

the outfield particularly at the bleachers and the scoreboa.'!'.'d 

position. 

This particular type of flow was called "Left-Field 

Control" because the e!".tire fl.ow pe.ttern in the stadium is 

governed or controlled by flow across the left-field opening. 



b. Soi.ltherly Control: This type of now was quite different 

frca the Lett-Field control pattern. The following distj,.nct 

features of this type of pattern were observed (refer to Figs. 

9a and 9b): 
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(1) A dowmrard flow from the rim at Sections 4 to 10 ot the 

upper stand extended on to the playing field. The flow reached 

the ground surface between home plate and the lower stands. 

Atter contacting the surface, there was a marked surface flow 

outwa.rd into the left field area at a depth of 75 feet or 

less. The f'lO'J di verges and moves along both the first an4 

third-base lines. Smoke that was released under the rim was 

never carried above the U]?per edge of the rim .. 

(11) 11le dovnwa.rd flow created a characterj_stic eddy in the 

upper stands and also in the lower stands. '!he line of 

contact at the ground surf'e.ce extended outward towards the 

pitcher's m01nd as the wind speed decreased. 

(111) The flow over bleachers and the scoreboard was :tran home 

plate moving into the out tieldo 

(iv) The wind direction in Sf!ct:tons 22 and 23 of the lower 

stands and Sections 23 and 28 to 30 of the upper stands showed 

a characteristic flow parallel to the stand moving out ,,,,,a,y 

tram home plate. 

(v) The field flags showed two types of patterns. Those 

near home plate sbowed the flow recirculating back into the 

stands, whereas, those in the out-field show the continuous 

now :trcm haie plate out towards the scoreboard. 

This particular flow pattern was governed or controlled 

by a south-westerly wind flowing over the rim and, hence, has 

been called "southerly Control" for short. 



ll 

2• Parking-lot flow pattern: The parking ... lot flow pattern was ver., steady 

irrespective of what was occurring in the stadium. The wind seemed to be 
steadily blowing from about 12°s of W to 21 °s of W, which was also the 

mean wind direction at the McLaren tank reference station. Although the 

direction of the mean wind was steady, the magnitude of the wind velocity 

was quite large. Figs. lOa and 10b show the parking .. lot wind pattern, 

observed in the prototype, for wind directions of 12°s of Wand 21°s of W 

at the McLaren water tank, (details of the patterns mey- be obtained from 

Vol. I of this report). 

3• Circulation over hill: Fig. ll shows the circulation pattern over the 

hill when left ... field flow was occurring i n the stadium. One observes that 

now occurs along the surface on the hill slopes just to the west of tb!l 

111tadium. Smoke released on the highway to the west of the stadium hugs the 

hillside and moves toward the south. Smoke released on the crest of the 

hill flows past the roadway at the mean wind direction ( at McLaren reference 

station). Just past the roadway the flow appears to split into two layers. 

The lower lqer turns towards the south-east and beads towards the left­

field stands in the stadium, whereas the upper layer continues in the mean­

flow direction. Smoke released on the north side of the hill near the KYR 

television tower moves towards the north-east. Just past the roadwt\Y the 

flow again splits into two l9¥ers. The lower leyer turns towards the 

south•east, flows along the roadw8i}", and heads into the left-field opening 

in the stadium. The upper lqer continues in its original direction 

toltards the north-east. 

No flow pattern over the hill 1> :r the "Southerly Control" was pro­

vided by .Metronics Associates, Inc.; thus, no model ... prototype comparison 

can be me,de in this case. 

C. Model Flow Pattern - -
In order to facilitate comparison between the model and prototype 

tlow pattern this section will be subdivided similar to the previous section 

as follows: (l) stadium pattern (2) parking-lot pattern, and (3) general 
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circulation over hill. AlJ. the c.cd.uc"tio~1s reported in th:!.s section are 
~ . . 

based on studies of flow over the 1:eoo scale model. 

1. Stad.ium flow pet~~: Unlike the prototype there was correlation 

between mean direction of the wind approaching the hill and the type of 

flow pattern observed; Le., whethe r the stadium flow was primarily 

"Southerly Cont:..ol" or "Left-Field Cont -:-ol". Mean-flow p ::;,_.tterns were 

photographed at 5° intervals between 6°s of W e.nd 41 °s of W at a wind 

speed of approximately 17 mph. Fj_gs. 12 through 15 show the flow pattern 

for 16°s of W1 31 °s of W, 6°s cf W and ~-1 °s of W. In addition, the flow 

pattern for 16°s of W was photogrr-.,phed at a wind speed of 30 mph and 10 mph. 

Fig. 16 shows tl: e p attern c..t 30 n:ph w:.nd speed. 

a.. Left-Field Cor::~:rcl: This p:;::,~ei:n wz..s mes t prominent at a 
0 wind direction of 16 S of W, ':'he :'ollowing features were observed: 

(i) A strong vortex in E~ction 28-30 of the upper stands; 

(ii) A rr..e:-on flc·t1 ec:ross t he cutfj_c,,J.d o:-iginating at the left­

field cper~ing and f l cwing r,ast the bleachers and scoreboard; 

(iii) A m~an flo'W at E-ecti~-:-o.s 23 end 3J.~ of the lower stands 

and Sectic-n :: 23 cf t he upr~r s ·~s.nds from the left-field 

(1v) A cloc~r,fise fl.c-w in t.t3 upper stz.nds f:rom Section 5 to 

Se c~i.on 24. This pattern was qu:i.t.e persistent throughout 

the upper stan.ds; 

( v) A clC'cl::wise flow in ba~k of the lower stands from Section 

4 to Section 18. 1ne flow is along third-base line from 

Sc l'!t~~cin 18 to 8ection 44 of the lo-..rer stands; 

(vi) A f:'8~]'.'.:r.~r,.r.a:i:t r:.can flow going down third base line, 

i.I!Tj.r.g:.ng o:i Sec ticr,,s 7 thr01.1gh 11 of the upper stands and 

tten going o·r<:r the tc~ of t he rim end out of the stadium. 

By corr.Q :>-'t'ing t.l~~ m~M p a!;tern fer the Left-Field Flow for the 

model and prntot:;'?e i+, c an be s een tr.:-:.~ th~re is defj_nitely zr-.odel-prototype 

simile.rity. TM.s m:1.y 'be e 8,si.ly o"os~rve~. ·ty referrtng to the superimposed 
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flow shown in Fig. 17. Of course, shifts in wind direction at the bottom 

edge of the upper stand at Section l, which occurred at a frequency of ten 

seconds to a minute in the prototype, could not be easily determined 

because these were of high frequency in the l:Boo scale model. 

b. Southerly Control: This pattern was most prominent at a wind 

direction of 31°s of w. The following features were observed: 

(i) A downward flow from the rim at Sections 4 and 10 of 

the upper stand. The flow reached the ground surface between 

home plate and the pitcher's mound. After contacting the 

ground surface the flow diverged out along both the first and 

third-base lines. 

(11) The field flags nearest to the stands show the flow 

recirculating back into the stands after approaching the 

ground surface. These flags in the outfield show the flow 

diverging out along the first and third baselines and generally 

continuous flow from home plate out towards the scoreboard. 

(iii) The flow in the lower stands starting from Section 24 to 

Section 23 at the right-field open·ng was generally counter­

clockwise in direction. The upper-stand flow seems to exhibit 

a similar trend; i.e., generally counterclockwise throughout 

the stands . 

Again, a model-prototype comparison for Southerly Control indicates 

similarity at least for the mean-flow direction and for relative velocities. 

The general agreement is shown in Fig. 18. The flow near the scoreboard 

and at the left end of the lower stands is slightly different for mod.el and 

prototype. The prototype flow for this case could not be definitely associated 

with a change of wind direction at the McLaren water tanlt. 

2. Parking-lot flow pattern: Very steady flow and high speeds were observed 

in the parking lot. The streamers indicated that the wind direction at the 

parking lot was the same as the direction of the mean reference wind. This 

pattern was also observed in the prototype. Fig. 19 shows the parking-lot 
0 flow pattern for reference wind of 31, S of W. 
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3. Circulation over hill: Fig. 20 indicates the flow pattern over the 

hill for the reference wind direction of 16°s of Win the model. 

4. Effect of wind direction on flow pattern: As stated earlier, flow 
0 40 patterns were taken at 5 intervals from West to 1 S of w. Figs. 14 and 

15 show the Wind pattern in the stadium at 6°s of Wand 41°s of w. It 

can be seen that Lett-Field Control already predominates at 6°s of W with 

typical Left-Field Control at 16°s of w. As the wind comes more from the 

south at about 26°s of W there is transition flow With extreme •gustiness 

1n the stadium With alternating Left-Field end SOutherly Control. At 

31°s of W the fully established Southerly Control exists which continues 

more or less until the wind comes from 41 °s of W. 

5. Effect of wind speed on f l ow pattern: Just as in the prototype, the 

predominant flow patterns persisted irrespective of the mean free-stream 

speed. The higher the speeds the more pronounced the pattern. Figs. 12 

and 1.6 show the flow pattern for a wind direction of 16°s of W and wind 

speeds of 17 mph (26 ft/sec) end 30 mph illustrating the above point. 
' 

~ 
Effect of model scale: At a scale of 1: 4oo topography could not be 

eluded in the model because of limitations on size imposed by the test 

ction width of 6 tt. Therefore, only flow patterns within the stadium 

fr scales of 1:400 end l:SOO can be compared when the hill is completely 

r ved in both cases. Figs. 21 and 22 show comparison of flow patterns 

f the two scale models at a reference wind speed of 17 mph end 16°s of 

W No significant differences were anticipated and none were detected. 

S ar agreement was observed for a reference wind direction of 31°s of 

W Accordingly, one DUcy' conclude that the Reynolds number is not a 

\ s ficant parameter in determining the mean flow pattern when the Reynolds 

\ 
1 

number is equal to or larger than the minimum obtained in this study with 

' the 1: 8oo scale model. 
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V. M:>DIFICATION PHASE 

A. Introduction 

Having established the existence of model-prototype similarity 

for the mean wind patterns, a serious study of flow patterns resulting from 

modifications to Bay View Hill and the stadium was justified. Before 

launching the study, decisions on what the modifications were to 

accomplish and how to evaluate the effectiveness of the modifications 

were necessary. 
Two primary objectives were set for accomplishment by the modifica-

tions. These were as follows: 

(i) Elimination of the Left-Field Control flow pattern 

with its strong wind along· the third baseline tows.rd home 

plate and the cross wind in the outfield from left to right. 

(ii) Reduction in intensity of the Southerly Control flow. 

The Left-Field Control pattern being caused prim.a.rily by the hill 

should respond to modification of that feature or to blocking of the left­

field opening of the stadium. However, the Sootherly Control flow seems 

to be associated with the stadium geometry and should respond to additions 

or modifications to this structure. The effect sought in attempting to 

achieve both of these objectives was to reduce both mean wind speed through­

out the stadium and the degree of gustiness. Therefore, if a new type of 

flow pattern resulting from a modification gave mean wind speeds and a 

degree of gustiness which were not reduced, it would have to be discarded. 

To evaluate the effectiveness of a given modification the following 

observations were te.ken: 

(1) Mean velocity at five stations in and above the stadium 

as shown in Fig. 6. 

(ii) An estimate of gustiness by visually comparing the 

activity of the pivoted yarns in ea.ch case with the activity 

for flow over the unmodified model. 
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The observation for mean velocity made wit h a hot-wire anemometer were 

quantitative; however, the estimate of gustiness was essentially qualitative 

but recorded in the motion pictures taken of all cases. A quantitative 

measure of gustiness was not chosen for the following reasons: 

(i) Many modifications were to be made so that the limited 

resources of time and funds for the work demanded that the 

simplest and quickest method be chosen. 

(ii) Such a measure could not be used to great ad.vantage 

because the degree of gustiness necessary for discomfort to 

spectato-rs and players is unknown. An interesting and valuable 

study would be to determine the effect of gustiness (turbulence) 

on the performance of humans engaged in various tasks and 

sports. 

B. Modfica.tions 

Most of the modifications studied were part of a systematic effort 

to eliminate or reduce the characteristic Left-Field and SoutherlY Control 

flows. However, some of the modifications studied were motivated by 

suggestions from various sources having an interest in the problems. A 

few of the modifications were studied primarily to eliminate them from 

further consideration as possible solutions. 

The following tabulation lists the order in which flow patterns 

for all modifications are presented in a 7-reel motion picture made during 

the model study. Basic configurations of hill and stadium appearing in 

t.he various reels ,are as follows: 

REEL 

1 Correlation Phase 

2,3 - Modification Phase 

4,5 Modification Phase 

6,7 Modification Phase 

BASIC CONFIGURATIONS 
HILL: Unmodified 
STADIUM: Unmodified 

HILL: 
STADIUM: 

HILL: 
STADIUM: 

HILL: 
STADIUM: 

Unmodified 
Modified 

Removed 
Unmodified and modified 

Modified 
Modified 

~ble l. Content of Motion Picture Reels . 
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Details of each sequence in the 7-reels of motion pictw:·0s a.re given in 

Table 2, Details of Modifications (see page 78.·) 

c.. Wind Pattern Comparisons 

In comparing wind speeds for the various cases, one sl'1ould keep 

in mind that wind speeds particularly at stations land 4 may shcN large 

changes when certain stadium modifications are mad.e where .:>.s wind speeds 

at station 3 respond strongly to both hill and stadium changes. The best 

flow patterns resulting from the modifications are those in which both 

mean wind speed and gustiness in the stadium are reduced to low values. 

Therefore, a measure of each of these quantities was sel!~cted so that 
each of the configurations could be plotted on a graph for comparison. 

The wind speed at station 2 was chosen as the ordinate v.nd the gustiness 
classification of poor, fair, good and excellent (shown :Ln last column of 

Table of Modifications) were given equal weights er! a lj_near sc2,le to 

form the abscissa. Fig. 23 shows the lo:: ation of all flow pd te::n.s on 

such a comparison plot. 

Selection of a region on Fig. 23 which insures a zone of flow 

conditions causing little distress to ball players and spe~t~tors alike is 

not simple. On one hand we have no real knowledge of when distress begins-­

this is also determined by air temperature, humidity c.l,.d suspended solids-­

and on the otherhand there will always be local r egicns of the stadium 

where some distress will occur. For these reasons any configuration falling 

within a zone selected as satisfactory should be given careful consideration 

before concluding that it offers a solution. Furthermore, the configuration 

should fall within the satisfactory zone for at least both the 16° and 31°s 
of W wind directions. The zone selected as repre.senting a satisfRct0:7 

solution is limited to a maximum wind spe~d of 1. 5 mph for goc,i and excellent 

gustiness classifications with the wind speed then decreasing linearly to 

zero as the gustiness classification decr~ases through fair to poor. This 

is based upon the supposition that higher mean wind speeds become more 

tolerable as the ,degree of gustiness decreases. 



The following table lists in decreasing order of effectiveness the 

modifications found to give a possible solution to the wind problem. 

RUN NO. WIND DIRECTION HI:.J, STADIUM 

Satisfactory Configurations for Both Wind Directions--16° and 31°s of W 

)E20 

IE8 
Jc46 

1c44 

j E25 

I El2 

J El4 

) El 

J E23 

I ElO 

JE26 

IE13 

JE17 

)E5 

C41 

B31 

16 45° cut (Fig. 29) Partial dome 

31 

16 

31 

16 

31 

16 

31 

16 

31 

16 

31 

16 

31 

16 

31 

cut 

Removed 

Removed 

(Fig. 29) Partial dome 

Partial dome 

Partial dome 

Send removed Partial dome 
(Fig. 31) 

Send removed Partial dome 
(Fig. 31) 

45° cut (Fig. 29) 100' porous screen on rim 

45° cut (F1·g. 29) 100' · porous screen on rim 

Send removed 100' porous screen on rim 
(Fig. 31) 

Send removed 100' por,ous screen on rim 
(Fig. 3-) 

Send removed Partial dome with slot 
(Fig. 31 ) 

Send removed Partial dome with slot 
(Fig. ,- ) 

45° cut (Fig . 29) Deflector vanes on rim 
and stands to Sec. 34 

45° cut (Fig. 29) Deflector vanes on rim 
and stands to Sec. 34 

Removed Deflection vanes on rim 
to Sec. 22 and vertical 
deflection vanes to Sec. 44 

Removed Deflection vanes on rim to 
Sec. 22 and vertical deflec­
tion vanes to Sec. 44 

Table 3. Modifications Giving Possible Solutions to Wind Problem-­
in Decreasing Order of Effectiveness. 
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Table 3 - Continued 

RUN NO • WIND DIRECTION HILL STADIUM 

Satisfactory Configurations for One Wind Direction--31°s of W 

JE7 
lE6 

I
B3 

B28 

Jc49 

jD19 

31 

31 

31 

16 

31 

31 

31 

31 

31 

16 

Send removed 100' porous screen on rim 
(Fig. 31) 

45° cut (Fig. 29) Deflection vanes on rim 
to Sec. 22 

Unmodified Partial dome 

Removed Solid screens on stands 
to Sec. 44 

45° cut (Fig . 29) Upper stands enclose field 

45° cut (Fig. 29) Deflection vanes to Sec. 
44 and upper stands en-
close field 

Unmodif~ed Upper stands enclose 
field 

Unmodified Deflection vanes to Sec. 
44 and upper stands en­
close field 

Removed 100' solid screen on rim 

45° cut (Fig. 29) Unmodified 
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VI . CONCLUSIONS 

Based upon the prototype studies (see Vol. I) and the model studies 

of the Candlestick Park complex described in this volume conclusions of 

positive significance may be made. Cone usions of a general nature as well 

as of a specific nature related to a solution of the wind problem at 

candlestick Park have been reached. These are as follows: 

1 . A l:8oo scale model of the Candlestick Park complex yielded 

model flow patterns closely similar to prototype flow patterns. 

2 . The model flow patterns for a given ambient wind direction 

remained similar when the ambient wind speed was varied from 

17 to 30mph and the model scale was varied from 1:800 to l:4oo. 

Thus, gross Reynolds number effects are not present and the 

flow pattern is determined by the geometrical features inherent 

in the scale model. 

3. Changes made in the hill or stadium geometry produced modifica­

tions in the wind patterns which would occur with a high degree 

of certainty in the prototype if similar geometrical changes 

were to be effected. 

4. Both the element of wind speed and the element of wind gustiness 

must be considered when estimating the relative improvement of 

wind conditions in -regard to comfort of spectators and performance 

of baseball players exposed to the environment. Thus, a solution 

to the wind problem requires that both wind speed and the degree 

of gustiness be reduced to an acceptable level for most of the 

wind directions occurring at the site. 

5. Existing disagreeable wind conditions can be alleviated to a 

large degree by certain modifications in the stadium and Bay View 

Hill if taken together . Modification of the stadium alone is not 

sufficient. The most favorable combinations of modifications in 

decreasing order of effectiveness with respect to stadium additions 

a.re the following: 



lllLL 

cut through south end of hill 

down to parking lot level with 

axis parallel to left-field edge 

of stadium. (See Fig. 29) 

or 

Removal of south end of hill 

a. 

b. 

c. 
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STADIUM (See Fig. 24) 

Partial dome over ballpark 

Vertical porous screen around 
edge of upper rim. 

Deflector vanes on top of upper 
rim. 

down to parking lot level. (See Fig_. -31) 

6. Any one of the solution concepts listed under Conclusion 5 
should be optimized through further model study to obtain maxi­

mum relief from the wind problem while meeting certain physical 

and economic restrictions. 
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Details of Typical Pivot Yarn Used 

FIG. 4 PIVOTED STREAMER 

Single strand of 
Orlon yarn 
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FIG. 6 

LOWER STAND RESERVED 

All veloctfies were measured at 
a height of I /4 "above the 

solid surface. 
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FIG. 8 a WIND CIRCULATION PATTERN - LEFT-FIELD CONTROL 



LOWER STAND 

FIG. Bb. WIND CIRCULATION PATTERN- LEFT-FIELD CONTROL 
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FIG.9a. WIND CIRCULATION PATTERN - SOUTHERLY CONTROL 



LOWER STAND 

FIG.9b WIND CIRCULATION PATTERN- SOUTHERLY CONTROL 
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FIG. 10 A PROTOTYPE FLOW PATTERN IN PARKING LOT - WIND DIRECTION 12° S OF W 
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FIG. 108 PROTOTYPE FLOW PATTERN IN PARKING LOT - WIND DIRECTION 21° S OF W 



FIG. II CIRCULATION PATTERN OVER BAY VIEW HILL 
FOR LEFT - FIELD CONTROL 



LOWER STAND RESERVED 

FIG.l2a MODEL-PROTOTYPE CORRELATION, ORIGINAL HILL 8 STADIUM 
!6° S of W 
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LOWER STAND RESERVED 

Prototype 

Model 

FIG./3 a MODEL - PROTOTYPE CORRELATION, ORIGINAL HILL 8 STADIUM 

31° S of W 
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LOWER STAND RESERVED 

Prototype 

Model 

FIG.14 MODEL-PROTOTYPE CORRELATION, ORIGINAL HILL 8 STADIUM 

6° S of W 



LOWER STANO RESERVED 

Prolotype 

Model 

F/G. /5 MODEL- PROTOTYPE CORRELATION, ORIGINAL HILL 8 STADIUM 

41° S of W 
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FIG. /6 MODEL - PROTOTYPE CORRELATION , ORIGINAL HILL 8 STADIUM 

30MPH 1 16° S of W 
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FIG. 17 MODEL -PROTOTYPE CORRELATION, LEFT- FIELD CONTROL 
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LOWER STANO RESERVED 

Prototype 

Model 
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L___ I ---

FIG./8 MODEL-PROTOTYPE CORRELATION , SOUTHERLY CONTROL 
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FIG. 19 PROTOTYPE FLOW ~TTERN IN PARKING LOT - WIND DIRECTION 31° S OF W 



I :800 

FIG 20 CIRCULATION OVER MODEL HILL FOR WIND OF /6°5 OF W 8 17 mph 



LOWER STAND RESERVED 

/ :BOO 

FIG. 21 COMPARISON OF LOWER STAND FLOW PATTERN FOR I: 400 

AND 1:800 SCALE MODELS WITH HILL REMOVED (REF. WIND 

17 MPH AT 16° S OF W) 
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Fig. 24 ·-Stadil.llll modifications for the 
elimination of Sout,e~ly Control conditions. 
a) Partial dome ac , oss stadium. b) Vertical 
porous screen around existiag rim. c) Vanes 
on rim to provide vertical deflection of the 
air across the stadium. 

Locotion of screen 
on rim not critical 

SCREEN 
,::(. ;,; . 

Indicated vane separation 
is approximate 

DEFLECTOR VANES 
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FIG. 25 SMALL CUT OFF SOUTH END OF HILL 



FIG.26 DEEP CUT OFF END OF HILL 
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FIG . 27 BROAD CUT THROUGH CEN TER OF HILL -- AXIS 45° 5 OF W 



FIG . 2 8 BROAD CUT THROUGH CENTER OF HILL -- AXIS 55 5 c F W 



Fl<7. 29 BROAD CUT TANGENT TO STADIUM -- AXIS 45° S OF W 
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FIG 3:7 VEE CUT TANG ENT TO STADIUM- - AXIS 45° S OF W 



FIG. 3/ SOUTH ElVD OF HILL . REMOVED- -B/. ,- : ;F CUT TANGENT TO STADIUM 
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LOWER STAND RESERVED 
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FIG.33a FLOW PATTERN RUN NO. 84 
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FIG. 340 FLOW PATTERN RUN NO. f;J9 
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LOWER STAND RESERVED 

FIG. 350 FLOW PATTERN RUN NO. 834 
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FIG.35b FLOW PATTERN RUN NO B34 



LOWER STAND RESERVED 

) 
~ \ 

/ 

F!G.36a FLOW PATTERN RUN NO. C7 
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FIG .37o FLOW PATTERN RUN NO . C 35 
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LOWER STAND RESERVED 

FIG. 3 9o FL OW PATTERN RUN NO. 09 
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FIG 39b FLOW PATTERN RUN NO 09 
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" LOWER STAND RESERVED 

FIG 400 FLOW PATTERN RUN NO. E3 
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Table 2 . Details of Modifications 



ee l 1s Corre ation Pli:1se ' ' ~eries) 

.Run Fig . No , Sketch . Wind Vel. in MPH Velocity at Four Descr iption and Improvement . No. Scale Direct. in °s of W Points in MPH Flow P a ttern of Flow Reel No , -- I 1 Model-Pr ototyp e 

I 
,, 

- - - - - Correlation Pha~e 
l 30.0 

1 Flow pattern on 

I 2 
hill and in stadi um I 

- - - - -) 
\ I I 3 

/' 

Southerly C ontrol -----
L 31 

l 4 
I -- -- -

By l :800 
l Model- Prototype - --- -- Correlati on Phase 

30.0 
2 Smoke pattern 

--- - - in stadium 
J 

2 
3 - - - - -

31 
1 

4 Southerly C ontrol 
~ 

- - - - -
• Bay 1 :800 

Model-Prototype 
17, 7 Correlation Phase 

2 Flag pa tt ern 3.0 
in s t ad ium A3 

3 
2,9 

31 Southerly Control l 
4 

2.3 

By l :800 
l Model - Prototype 

30,0 - - -- - Correlation Phase 

2 Flow pattern on 
A4 -- --- hill and in stadium 

3 

16 - - - - -
Left-Field Control 

4 
l - --- -

Bay 1 :800 
1 Model-Prototype --- - -

Correlation Ph..1se 
30 . 0 

2 Smoke pattern 
-- - -- in st..1dium 

A5 3 

- -- -- L eft- F ield Control 
1 16 

4 
- ----Bay l : 800 

1 Model-Prototype 

17 .7 5.4 Correlation P hase 

2 . Flag p.ittern 

l, 4 in stadium 
6 

-; r 3 

2.3 
Left-Field Control 16 

l 4 
1. 9 

Bay 1 :8 00 
' l Model-Prototype 

- -- --
30 ,0 

C orrelation Phase 

F l g pattern 2 A 7 -- - -- in stadium 

3 
- -- - - Left-Field Control 

1 
~ 16 4 

- -- --
- Bay l :800 

l Model-Prototype 

10.0 --- -- Correlation Phase 

2 Fl g pattern 
-- -- - in stadium 

8 3 

21 - - - -- Left - Field Control 
l I 4 

1 - - -- -'Rav 1 :80°' 
t 



J. VI. .l.\,'1,;;'\wo.L w .. ~ --,a-~~ 

- Stadium Modi!ed rB 1 series) 

! Wind V~l. in MP a Run Fig .No ' 
Sketch Velocity at Four Description and Improvement 

in ° S ofW: 
Points in MPH Flow Pattern of Flow 

I 
Scale 

Direct. 
No. Reel No, ' - -- .... ----- --; ---- - - - --

1 IIlLL: Unmodified ,-

13 a, b 17 . 7 8.6 STADIUM: Upper 

2 stand extended to 
B l 

3.0 
sec. 34 

# 
3 

1.6 Southerly Control Poor 
2 31 

4 
(Approximately) 

Bay l :800 2.6 Very gusty 

l IIlLL: Unmodified 
( 8.4 STADIUM: Upper 

32 a, b 17 . 7 stands extended to 2 
sec. 44 

~ 2. l Poor 
BZ 

. r 
I I 

3 
-► 31 1. 7 ' 

2 
~ 

Southerly Control 
j 4 

I ' 2. 6 Gusty 
Bay ~~ l :800 --- 1 - -

l IIlLL: Unmodified ,,-
13 ,b 6.5 ST DIUM: Upper 17.7 

stands enclose 2 
field ,, 1.3 

B3 Poor 
3 

31 3.3 
2 '--"' Southerly Control 

4 
3.4 (Approximately) 

Bay 
~~ 

1:800 Reduced gustiness 
l IDLL: Unmodified 

6.0 STADIUM: Upper 
17.7 st;inds extended to 2 

sec. 34 
B4 

33 a,b , 3.4 

3 Field flags point SW 
Poor 

0,7 perp. to 3rd 

2 16 4 baseline 

Bay l :800 
1.7 Very gusty 

1 IDLL: Unmodified 
3.2 STADIUM: Upper 

17. 7 
2 stands extended to 

33 a,b , 3.4 sec. 44 
·Poor BS 

3 
,,,. 

0.8 / 
16 Similar to B 4 

-~ 

_.,,, 
~ 4 

2 1.4 
---"' B.iy 1:800 

l HILL: Unmodified 
3,0 STADIUM: Upper 

17.7 
2 stands enclose 

33 a , b I 

3 . 6 
field 

rr) ~ B6 13 'Similar to B 4 Poor 
. I \, l 16 1.1 -._/ 

/ 

2 ~ 4 

• 3.6 Reduced gustiness Bay l :800 -- - - ---- " B7 --- l ffiLL: Unm edified 
follows - 4 . 8 STADIUM: Solid 
for B 24 

17.7 2 screen to sec. 34, 
I 3 . 2 height same as 

32 .;1,b 
._.., r upper rim BS I 

3 Poor 
/, 1. 2 Field f1-1gs point 

I ~ 16 4 generally N 
I 

2 I l. 4 Gusty 
l Bay l :800 ti IIlLL: Unmodified 

2.7 STADIUM: Solid 

32. .3., b 17. 7 screen to sec . 44, 
2 height s..ime as 

~ 3.4 upper rim 
B9 

I ( 3 Poor " 1. 3 
~ imilar to B 7 

I 1:800 J 16 r Very gusty 
z 1.4 I 

... Bay_ 1 1 -



Note: Reels 2 ..1.nd 3 are Hill Unmodified, Stadium Modified (' B' series) 

Wind Vel, in MP _V_e_l-oc::...1-·t_y_a_t_F_o_u_r-,--D- e_s _cr_1_·p-t-io_n_ a_n_d_·r1--I-m_p_r_a_v_e_m_ent Run 

No. 

Fig. No. 

Reel No 

Sketch 

Scale Direct. in °s of Points in MPH Flow Pat~rn L 
--=-=-=.i:====.:=::t============================i=====-=-=========t1:=:==========-~FHI~ L;=L:==: -=;Unmodified 1-

3. 4 STADIEM: Solid 
screen encloses 

of Flow 

.. 

B 18 32 a, b 

2 

l3J., b 

B 11 

2 

------~ 
~ ' 

13 a, b , 

B 12 

2 

13 a, b 

B 13 

2 

• 
12 a, b 

v 
B 14 

2 

12 a , b 

B 15 
V 

' 
2 

17.7 

(D 
16 

1 :800 +-------

. . . 

·. ' > • ~ --· 

I ~­"--1/. 

1:800 I 

17.7 

31 

17.7 

31 

17.7 

31 

17.7 

16 

17 . 7 

16 
1 '---

----+-----+---\ ___ _,:.."-..,;____.<->,;, _ _.'-'--~--l _:8_0_0 -+------

B 16 

B 17 

12 a , b 

2 

32 a, b 
I 

3 

( 
I 

I 

------ -

\ 

' 

) 

... 

... ,. , ._ ~ 
.J 

v? 
/ 

17.7 

16 

l :890 _ 

17.7 

16 

3 

4 

1 

2 

3 

4 

-
12 

l 
13 

l 
1 

2 

3 

11 

4 

2 

3 

1 

2 

3 

4 

1 

3 

2.0 

2.0 

z.o 

4.0 

l. 6 

1.3 

1. 2 

3.2 

1.9 

3.5 

1.2 

4.2 

1.8 

1.6 

i.3 

5.7 

1. 6 

1.6 

1. 6 

6.0 

3.2 

3.4 

field, height same 
as upper rim 

Similar to B 7 

I Gusty 

r :E:IlLL: Un~odified 
STADIUM: 50 ft 
vertical poles on 
upper rim 

Extremely gusty 

HILL: Unmodified l STADIUM: 50 ft 
vertical poles on 

I upper rim and on 

4ground enclosing 
field 

Extremely gusty 

HILL: Unmodified 
STADIUM: 50 ft 
vertical poles on 
ground enclosing 

Very gusty 

IIlLL: Unmodified 
1 STADIUM: 50 ft 
1 vertical_ poles on 

upper rim 
I 

Very gusty 

ffiLL: Unmodified 
STADIUM: 50 ft 
vertical poles on 
upper rim and on 

____ ground enclosing 
field 

Very gusty 

HILL: Unmodified 
STADIUM: 50 ft 

~vertical poles on 
!ground enclosing 
field 

Very gusty 

IIlLL: Unmodified 
lsT ADI UM: Ponous 
screen to sec. 34, 
height same s 
upper rim 

Simil.1r to B Z 
- j Gusty 

1.a L 
--- --

Poor 

Poor 

Poor 

00 

Poor 

Poor 

Poor 

Poor 



Run ig .No. 

No . Reel No 

32 .1., b 

B 18 

3 

32 .1, b 

B 19 

3 

33 a, b 
B 20 

3 

33 a, b 

B 2 1 

3 

12 a , b 

B 22 

3 

39 a , b 

B 23 

3 

39 a , b 
B 24 

3 

32 , b 
B7 

ind Vel. in MPH Velocity t Four Description 
and 

Improvement 

N 

N 

~ 

( 

--

I ' 

--

Sketch 
Scale in ° S of 

17.7 

16 

~ 1:80_0 _____ _ 

)( 
/ 

I 
I 

1 :8 00 

17. 7 

16 

17.7 

16 

17.7 
I • _,, 

r? ., 
I ,/ 

~ / 

) 

/ 
/ 

/ 

l :800 

16 

1 7 . 7 

16 

------ -

17.7 

16 

~ / / 17 . 7 
/ 

/ \ 
/ \ 

' 

- ... 
' \ , 

l : 8 00 

((J 
1 :800 

16 

17 . 7 

16 

1 

2 

3 

4 

l 

2 

3 

4 

l 

2 

3 

4 

l 

2 

i: 
I 
I 

1 

2 

1 

2 

3 

4 

l 

1 

3 

4 

Points in MPH 

2 , 7 

Flow P atte r n of low -==:::t============-IilLL: Unmodified 
ST DIUM : Porous 
screen to sec. 44, 

3 . 2 

l , 8 

1. 4 

2. 7 

2 . 7 

0 . 5 

1.2 

4. 1 
5.8 

2.2 

2.4 

3, 2 

, 
.lgbt s ame S • l.U)pe • 

rim 

Simila r t o B 2 

Gusty 

IilLL: Unmodified 
T DIUM: Por ous 

screen on ground 
enclosing field 

imil.u to B 2 

IilLL: Unmodified 
wit h p orous scr een 
on r idge 

T ADIUM: Unmodi ­
ied 

Simil..1r to B 4 

1Very gusty 

Poor 

Poor 

Poor 

--_-_-_-_-_--IIilLL: Unmodifi e_d_-'--______ ___. 

4 . 8 

2. 2. 

2,3 

6.0 

TADIUM: Por ous 
- s creens extending 

NE along tangent 
to stadium 

ith porous scree n 
betwem stadium 

nd hill 
TADI UM : Unmodi-

Poor 

Poor 

----------4-

eft-Field C ontrol 

Gusty 

5 . 7 

3. 1 

7 , 6 

11 ~55 

5 . l 

4 . 8 

5 . 6 

l l. 7 

5.6 

8 .3 

IilLL: Unmodif ied 
lwit h porous s creen 

-1 on Ne-SW line W 
of stadium 

STADIUM: Unmod i - 1 
fied 

Foor 

] Sim ilar to B 4 

HILL: Unmodified I Co..irse screen 
ith l 00' por ous 

orous screen 
nclosing st dium 

and field 

imilar to B 4 
educed gustiness 

IilLL: Unmodif ied 
ST DIUM: Upper s tp.nd 
extended to s ec. 35 

V ry gusty 

Good 

Poor 



Not : Reel 3 is Hill Un m odified , St ad ium Modified ( 1 B' ser ie s ) 

Run Fig.No .I --- - -- W~ndVl.~: MP 

- 1 
o. Reel No 

-=::::::::::===t -- - -_ 

B 25 

B 26 

B 27 

B 28 

B 29 

B 30 

B 31 

B 32 

36 a , b 

3 

36 .1 , b 

3 

36 a, b 

1 
3 

36 J. , b 

3 

33 .:1, b 

3 

l 
33 , b I 

---·- -i 

3 

3 

33 i , b 

3 

I 
I 
I 

--- ,t. 

,,.--- -

.J 

- ---

t 
--~ 

- -
Sketch 

Sca le Direct. in ° S of - --- -- - - - --- --

~ 
L 

) 

1 :8 00 

Bay ~ ..-;s, 1:800 

B ay. 

Bay - l :800 

Bay l :8 00 

- 1 :8 00 

B y 1 :800 

Bay l :800 

17.7 

31 

17 . 7 

3 1 

17 . 7 

31 

17 .7 

31 

17 . 7 

16 

17.7 

16 

1 7. 7 

I 16 
I 

. I 
1 7. 7 

16 

Ve locity at Four Description and 

Flow Pattern 

I m pr ovement 

of flow Points in MPH 
F -
,1 

2 

13 

' 
~4 

I 
• 
1 

3 

1 

2 

3 

4 

1 

2 

4 

1 

2 

3 

4 

1 

2 

1 

I 
2 

3.4 

1. 7 

1. 3 

1. 9 

4. 7 

2. 9 

l. 8 

2 . 2 

3 . 4 

2 . 6 

0.9 

1. 4 

4 .4 

1. 7 

• b 

3. l 

5.6 

2.3 

2.2 

2. 1 

5.6 

l. 8 

1.1 

2. 0 

3. 8 

2,2 

1. 2 

2. 1 

5. 0 

4.2 

0.7 

4.4 

-
I-IlLL: Unmodified 

J3TADIUM: Defle_ctot 
vanes on upper rim 

Upper st.ind: Calm 
fi ld: Gusty 

HILL: Unmodified 
T DIUM: Upper 

!stand extended to 
sec. 34 with deflec­
tor van s on entire 
rupper rim 

1Upper stand: Calm 
Field: Gusty 

IilLL: Unmodified 
STADIUM: Same as 
B 26 with vertic a l 

eflector vanes 
-.1dded beyond s ec. 34 

Upper st.ind: C..ilm 
Field : Gusty 

-
HILL: Unmodified 
ST ADIUM: Upper 
st,md enc loses field 
with deflector vanes 
on upper rim to secHon 

4 

Upper st. as und r 
◄ vane~-: calm 

_Fi eld: Gus ty I 
HILL: Unmodified 
STADIUM: Sam e a s 
B 25 

P oor 

Poor 

Poor 

F .ii.:r 

Poor 
1
Field fl.:1gs point S 

Upper st.1.nd: Calm t 
IFie ld: Gusty 

i --

- - ; 

HILL : Unmodified 
ST DI UM : S.1me a s 
B 26 

Upper s t .lnd: calm 

'.Fie ld: Gusty 

l-il.LL : Unmodifed 
STADIUM : Same as 

-~B 27 

I . 

tField fl.:1.gs pctt N 
I 
Upper stand: Calm 
F ie ld: Gusty 

I 
ffiLL: Unmodified 
ST ADIUM: Same ..is , 
B 28 

F ield: Gusty 

Poor 

F a ir 

Po or 



Note: R el 3 ts Hill Unmodified, Stadium Modified ( 1 B' eri ~ Reel 4 is Hill Remov d, 
Stadium Modified and Unmodified Scale 1 :800 ( 'C' series) 

Run 

No. 
Fla. No. 

B 33 39 , b 

3 

35 4 , lB 

B 34 

3 

Sketch 
So le 

N 

N 

Wind Vel. in MP Vel:ocity at Four 

Direct • in ° S of 

17.7 

3 

31 

4 

17.7 z 

3 

31 

Points in MP 

2.9 

1. 2 

o. s 

3. 9 

3. 5 

1.6 

0. 6 

Descr iption and 

Flow Pattern 

LL: Unmodified 
TADIUM : Parti l 

dome with i- ge 
opening over in field 

Very gusty 

IDL L: Unmodified 
TADIUM : Partial 

dome 

!Field fi gs point to 
l ft field 

I --...._ ~ 3. 0 
i-----+----+----·_J_,.____;::;;c--M,.._~6)\ 1 :8_00 ____________ -----

1 

17.7 

35 a., b 

B 36 3 

16 

• 
1:800 

----- ---- - 1 

17.7 2 
35 a, b 

B 36 

3 

---+-----+---~-- LP-I'-~~ D~?~ 

16 
4 

l 

33 a, 17.7 
C 1 

31 

4 

1 

17.7 
2 

Cl 
---------- j 

12.4 

Z.6 

7.8 

4. 4 

8 . 5 

2.. 2. 

l. 8 

5. 8 

6.9 

3.9 

1 2 . 4 

2 .6 

5 . 9 

2 . 5 

1. 8 

LL: Unmodified 
T DI UM: S m as 
B 33 

Very gusty 

HILL: Unmodified 

/

STADIUM: Same as 
B 34 I 

Clockwise 
circul ation on field 

Reduced gustin ess 

HILL: Rem oved 
STADIUM: Unmodifi d 

Simil' r to B 4 

]

(Field fla s point 
perp. to 34d b selin 

Gusty 

--+-lmLL: Removed 
STADIUM: Upper 
st nd extended to 
sec , 34 

imil' r to C l 

Improvement 

of Flow 

Poor 

Good 

P oor 

Poor 

Poor 

Poor 

4 

31 

l• - 2 .0 J_ ---
17. 7 

C 3 33 

N 

I l :800 

31 

17.7 
33 , b 

C 4 

N 

t 
31 

4 ' 1 :800 

l 

2. 

3 

1 

4 . 4 

3.5 

2. , 0 

Z.,4 

8.8 

3, l 

1. 6 

3. 1 

,HILL: Removed 
TADIUM: Upperstn d 

. _ . _ xtend d to sec. 4 

imila.r to C 1 

LL:Removed 
TADIUM : Upper 

st nd nclos a field 

o nter - clockwis 

Circulation in 
Stadium 

Poor 

Poor 



Noe: R el 4 is Hill Removed, St dlum 1bi1fied and Unmodtfi d, 
Sc le l :800 (' C' series) 

Run Fig.No. 
Wind Vel. 1nMP 

- - - -
No. Reel No. Sketch Scale Direct. in ° S of 

17.7 
C5 ll a., b 

--- --
~ 

4 i 
v~, 

....__,/ 

31 

1:800 --

17.7 
33 a, b 

C6 

t I 
4 

t 31 

Velocity at Fou 

1 
8.Z 

- - - - - -- -z 
4.5 

3 
4.4 

3.6 
---- --
l 

5.6 
-. -

z 
1.8 

3 

1. 7 

14 3.8 ' - ~ 

1 
___ -L~Bay --~~-- 1 :800 _ 1-

6.6 

17.7 2 
35 a, b 1 0.9 ,._,... 

C 7 ' I ,-, 

I 
I 5.0 
~ 18 

4 l 4 

t 3,0 
~(' 1 :800 

l 
4.3 

17 7 
3 a b 

I~~ I 
1, 4 , 

CB - 13 
l I Z. 1 ::-__,.I 

16 r. - . - -) 4 4 
Z.8 

- ~ ~ ~_1:8~ _ ---
l 

17.7 4.3 

z - - - -

33 a, b , 2.6 

C9 ' - - - - -

I. ~_;; 1.8 

t 
- - - -

4 16 2.3 
1:800 ----- - --

6.8 

33 a, b 17.7 
l.9 

(~ -----------------
C 10 Z.5 

4 ":/ 16 
- - - - -------

~ 
"T 

- -.L 
1:800 z.a 

l 
4.9 

---------~ 
35 a , b 17.7 2 

C 11 

((J 
2. 8 

/ - - - - - -- - - - - - - ----- ---·----
3 

10.4 
4 

~,l \-.__,/ 16 

t -~- - - - - - - - - -
4 

- l :800 3.6 

1 
3.9 

17.7 
2 

C lZ 3 a, b ('-- , l. 9 

~~ 3 N 
2.3 

t 31 4 
l. 7 

- Bay l :800 

Description nd linproven 

Flow P ttern of Flo 

lllLL: Removed 
STADIUM: Upper 
stand extended to 
eec. 35 

Poor 

Similar to C 4 

Gusty 

IfiLL: Removed 
STADIUM: Upper 
st nd xt nded to 
s cs. +4 · nd 35 

Poor 

---
Removed 

S: Unmodified 

ield flags point SW Poor 

Gu ty 

IH: Removed 
S: Upper stand 
extended to sec. 36 

Poor 

imilar to B 4 

ery Gusty 

: Removed 
: Upper stands 
xtended to sec • 44 

Poor 

imila.r to C 4 

usty 

H: Remov d 
S: Upper stand 
ncloses field 

Poor 
irnilar to B 4 

Gusty 

: Removed 
S: Upper stand 
extended to sec. 36 

Clockwise 
Poor 

circulc1tion 

Very gusty 

H: Removed 
S: Soltd creen to 
s c. 34, heights- m as 

pper rim 

Poor 

imilA.r to 'R 4 

Gusty 



Note : Heel 4 i Hill R n.ov .. Stadium Modified and unmod111ed , 
Sc le 1 :800 (' C ' s eries) 

Run ig. No. 

No. Reel No 

C 13 
133 , b 

Sketch 
m Vet6" ill MP 

Sca le Direct . in ° S of 

17.7 

,, 
31 i ------·-------'-4 BAY "-~ 

1:800 

17.7 

3) , b 
C 14 

4 31 

,,. B 1 :800 
---

33 a , b 17.7 
C 15 

,,._.--. 

4 

/ I -
·~ I 31 

1:800 L_ 
1 33 ~. b I ~ : 17.7 

C 16 

4 3 1 
I ' 

~ 

______ --~ -----'- ~ ~ l:800 

17 . 7 
33 a , b 

C 17 

16 

4 l :800 

17,7 
33 a., b 

C 18 

4 
I' 

Vel ocity at F our 

P oints in MPH 

Description and lmproveme 

1 

2 

3 

-
4 

l 

z 

3 

l 

2. 

3 
I 

4 

4 . 9 

2. l 

3.0 

2. . z. 

4 . 9 

2 . l 

3.0 

3.4 

Flow P attern -- __ ,_..__ 
H: Removed 
S: Solid s c r een to 

- sec. 44, height 
same as upper rim 

Similar t o C 4 
Gusty 

H: Removed 
S: Solid s c reen 
incloses fi e ld; 
height same as upp r 

-
1 

rim 

Simil r to C 4 
l I 

------ - --- J --
4 . 1 

4 . 4 

1. 8 

H: .Removed 
S: Solid screen on 
upper rim ( outer 
edge) 

l. 8 Very gusty 

of Flow· 

Poor 

Poor 

Poor 

l H: Removed 

2. 

l 

2 

3 

l 

2 

3 

3. 7 S: Solid screen 
un upper rim 

4.2 

3.4 

( l O' b.ick of outer 
edge} 

1. 6 Very gusty 

Poor 

- - ----- ---- - -------- ---1 

4. 1 

Z. 8 

0.6 

2.8 

3.2 

2.6 

0.7 

H: Rem oved 
S : Same as C 12 

Poor 

Very gusty 

H: Removed 
S: Same s C 13 

Poor 

16 4 

1:800 
l. 7 Very gusty 

3.2 
H : Removed 
S : Same a s C 14 

17.7 z- - - - - -

33 a , b 0.9 

C 19 3 
2.2. 

Poor 

4 ----
16 

Sim ilar to C 4 

-------~-----~~Bay l :800 
1 

Z. 8 

3.7 
l H: Removed 

S : Same as C 15 
17.7 

33 a, b 2..3 

C 20 
3 

3 . 7 Similar to B 4 Poor 

4 
16 4 

l. 4 l :Ve.cy Gu 



1<1 

Hill r 

Run Fig . No. 

No. Reel No. 

C Zl 33 a, b 

4 

C2Z l33a,b 

4 

C 23 3 a, h _ 

4 

C 24 33 a, b 

I 
4 

-- --

C 25 33 _a,Lb _ 

4 

C 26 33 a, b 
-

4 I 

C 27 136 a, b 

4 

33 a, b 
C 28 I 

4 

moved, 1:800 ('C' series) 

Sketch 
WindVel. inMP 

c le Direct. in 05 of -

~ 17 .7 

- - - -

/ 
l 
l 16 

' ,, 
~ l :800 

- --Lr.. - -

17. 7 

31 

1:800 

17. 7 

,--,, ,,._....., 
1( - - - -
I . -; 
G 31 

., 
l :800 

Velocity at Four Description and 

Flow Patt rn Points in MPH 

1 
4.1 

- - - - -
2 

2.7 

3 
7.4 

4 
1.6 

1 
2.6 

2. 
Z.6 

3 
4.3 

4 
2..9 

l 
3. l 

-
2 

3. 1 

3 
4 .8 

4 
z.o 

H: Removed 
S: Similar to C 16 

Erratic 
Gusty 

H: Removed 
S: Porou s creen 
to s ec. 34, height 
same as upper rim 

Upper st nd: C lm 1 
I Field: Gusty 
I 

I H: Removed 
S: Porous screen 
to sec. 44, height 1 same as upper rim 

1 Similar to C 22 , 

Improvement 

of Flow 

P oor 

Fair 

F air 

~ -1 1 _I ~: Removed +------
L 
+-

I 
-

" 
~ 

~ 

i J 

l 
-

N 

/ 
I 

-

... 
' \ 

I 

/ Bay - -- 1 :800 
.__..:__ ::"11.-- -~ 

' I 
I 
I ' ,,,.-
' \ --:::,,· 

1:800 

17.7 

31 

17.7 

31 

- - --------

I 

' I 
' \ \......./,,/ --- -~ 

1 

- -

17.7 

31 

17 .7 

- - - - _,. - - -

31 

1:800 -~-------

s o'Ht6H 

I 
I ,.._ J 

,'~ 
--- ------ ... 

17. 7 

31 

[ 2 

4 

4 

l 

2 

3 

4 

l 

i - -

3 

4 

l 

2 

3 

4 

5.0 

2.3 

7 . l 

5 . 7 
- -

4.4 

-- - -
2.0 

S: Porous screen 

1 
encloses field, heig t 
same as upper rim I 
Counter-clockwise I 

circulation 

l H~ R e m oved 
S: Por ous screen 
on r i m ( outer edge) 

- - - - ... 

Z.7 

- - - - - - -

3.9 
Erratic 

-- --
H: Removed 

3.9 S: Porous screen 
- · 1 on rim (10' back o! 

2.7 outer edge) 

- - -
- - Counter -clockwise 

4.2 I circulation 
f 

- - -- - -

1.4 Gusty 

H: Removed 
4.7 S: Porous screen 

extending SW I -- -------- I 

1.8 fr om ends of stand I 
- - - . - - -

10.9 Erratic 
- - - - -

z.z i 
- ---- - - - -

1 H: ~emoved 
8.6 I S: Unmodified -

- i per ous screen 
4.0 to S and W of stadiu m 

8.1 

2.3 Gusty 

.t"'O J. 

,, 

Poor 

Poor 

Poor 

Poor i Counier-clockwise 

_ l circul tion 

_______ Lo-. _______ _ 



.1.'IU \::. "' "'.., ,o .L.\.L.L.L ... \.,U>VV'"""'• 

Stad ium Modified and Unmodifbili, l /800 and l /400 

Run l Fig .No 

No. 

C Z9 36 b i 

5 I 

i 
I 

C 30 36 a, b 

5 

I 
C 31 36 a, b 

5 

C 32. 36 a , b 

5 

C 33 36 a, b 

5 

C 34 I 36 a, b 

5 

C 35 37 a, b 

5 

C 36 I 37 a, b 

l 5 

I 

Sketch 

.. 
/ 

l 
1 

- Bay 

Bay 

-- - ... - Bay 

• I 
1 

Bay 

ind Vel. in MPH Velocity at Four Description nd Impr ovem ent 

Scale Direct. in ° S of Points in MPH Flow Pattern of Flow 

,,. 
, ?.. 

'\ 1 /1 

l :800 

/ 

1: 8 00 

,, , - ...... 

' I , 
• 

, 

' \ 
J 

l :8 00 
I 
I 

~ 
,; -,, 

1
1,000 I 
~ 

I 
I 
\ ,_.,,,,,. / 

_ '--- 1:800 

/ 
/ 

/ 
/ 

/ 
/ ,, / t 

,- -~ / 
( / 

/ 

/ 

l :800 

~ 
~~ 

1:800 

l 

17.7 

16 

17.7 

16 

17.7 

16 

17. 7 

16 

17.7 

16 

17.7 

16 

17,7 

31 

17. 7 

31 

- - -----i----- --- ----

z 

3 

1 

3 

4 

z 

3 

4 

l 

4 

2 

3 

-
4 

l 

3 

4 

7.Z 

Z.5 

10.4 

z.o 

7.0 

Z.9 

8.7 

Z.4 

4 .4 

Z.4 

4,9 

3,3 

6.0 

2.0 

3,4 

3 , 7 

H: Removed 
S: Same as C 22 

Erratic 

- - H: Removed --~ 

S: Same as C 23 

I Very gusty 

H: Removed 
I S: Same a s C 24 

j 
Erratic 

H: Removed 
S : Sam e as C 25 

H : Rem oved 
4. l S : Same as C 26 

2. 7 I 
7.4 ~ 
1.4 Erratic 

H: Removed 
9.4 S: Same as C 27 

4.0 

15.0 

4.5 

1 H: Removed 
4,8 

2 --- --

2. 7 

3 
14.2. 

4 
1.0 

S: Deflector vanes 
in upper rim 

Counter -clockwise 
I circulation 

Poor 

Poor 

P oor 

P or 

Poor 

Poor 

Poor 

Upper stands: Cal 
Field: Gusty -- -- -- ---- - ___ ,.._ ____ _ 

1 
5. l 

z 
2. 1 

3 
0,4 

1.1 

I H: Removed 
S: Upper stands 

1 xtended to sec. 44 
with deflector v ne 
on entire top rim 

Simil r to C 35 

Poor 



'-U, V LO .1.&.LL .. L a.u""' f 

Stadium Modified and Unmodified, 
l /800 and 1 /400 

ind Vel. in MP Velocity at Fou Description and I Improvem ent Run 

No. 

ig. No.l -
R el No. 

1 
Sketch 

Scale_ _- - - in ;Sof~ ~oints in MPH _ _ _ F_ lo_w_ Pattem I _ o~Flo_w 

./, l H: Removed 

C 37 38 a, b 

l/2
\ll(/ 

5 
/ ... Bay l :800 

C 38 38 a, b 

5 

1 :800 

C 39 33 a, J 
I 

5 

-l- Bay 

C o 38 a, b 

5 
/. Bay l:800 

C 41 38 a, b 

~ I 

5 

--~ _Bay l :800 

C 42 33 a, b 0 
5 l 

• -=--
-----~ L:. ..Bay: -"'-L-"'--"-'-- 1:800 

C 43 33 a, b 

5 

l :800 

C 44 

I 
5 l 

3. 9 S: Upper stwids .

1 
1 7 • 7 extended to sec . 44 

31 

17.7 

31 

17.7 

16 

17.7 

1 

17,7 

16 

17.7 

16 

17.7 

31 

17.7 

31 

2 with deflector v ne 

4 

1 

z 

-
3 

4 

l 

2 

3 

4 

1 

2 

3 

4 

l 

4 

l 

4 

l 

z 

3 

4 

1 

z 

3 

2.8 

2,3 

2.3 

4.8 

z.z 

1. 9 

4.7 

7.6 

6.7 

14.2 

2.0 

3.2 

l. 2 

2.8 

3.8 

2.3 

3.3 

1.4 

5.7 

2.8 

z.z 

6 .8 

on upper rim and vt1rt. 
vanes beyond sec. 44 F ir 

. I 

Calm 

H: Removed--

I 

I 
I 

4 
S: Upper stands 1

1 
" encloses field with 
deflector v nes on 

I upper rim to sec. 4 

Erratic 

Poor 

------- --- - --
H: Removed 
S: Same as C 35 

l Erratic 

1 

UpP-er ·fands: Calm 

I 

I 

J 

H: Removed 
S: Sarne as C 36 

Upper stands: Calml 
Field: Gusty 

H: Removed 
S: Same as C 37 

Upper stands: Calm 
Field: Gusty I 
H: Removed 
S: Same as C 38 

- 1 Similar to B 4 

- - -7H~Removed 

Poor 

Poor 

Fair 

Poor 

4. 4 1 S: Partial dome 

2.Z 

2,0 

0.7 

3.5 

l. Z 

0.5 

0.8 

--1 open over infield 

Erratic 

H: Removed 
S: Partial dome 
over playing field 

Very Calm 

Poor 

Excell nt 



l t> 16 .1r u, 
St dium Modified and Unmodified, 

-.----...... llBoo aod.. l/40SL _ _ _ _ 

lwind Vel. in MPH 

Sketch Scale f Direct. in°'S of W 

Velocity at Four 

Points in MPH I 

- - ---------
Description and 

Flow Patt rn 

Improvement 

of Flow 

11 
,-

I 17.7 Z,6 
H: Rem0ve d 
S: Sam e as C 43 

+-

C 45 33 a, b 

5 

C 46 

5 

C 47 

5 

C 48 36 a. b 

5 

C 49 
36 a,b 

5 

C 50 
36 a, b 

C 51 36 a, b 

5 

C 5 2 

I; 

-+ - -

l 

-

'- I 
' 

16 

;'-. l :800 
-L. \. 

17.7 

16 

17.7 

31 

B~ _ l:d00 

17 . 7 

~ 
I ) 

,; 31 

1:4 00 

17.7 

31 

Bay · - , 1:400 

17.7 

31 

17.7 

-
( 

r /~ 
/ 

16 

1 :400 

17.7 

I 
16 

1 :400_ I._ 

3 

4 

l 

2 

3 

4 

l 

2 

3 
I 

1 

3 

4 

l 

2 

3 

I 

1 

3 

l 

2 

1 

2 

3 

3.2 

1. l 

7.8 

3 . 3 

0.9 

0.6 

0.6 

10.4 

2. l 

10.7 

1. 7 

3.5 

3. 9 

1. 0 

2.0 

1. 0 

8.5 

1.0 

Similar to B 4 

Gusty 

H~ R c m ov d 
1S: Same as 44 

Gusty in center fielq 
,Calm at all other 
locations 

H: RemoYed 
S: Unm odifi~ 

Similar to B 4 
Gusty 

H : :Removed 
S : Solid screen 
incloses field 

Similar to C 4 7 

H~ Removed 
S: Solid screen on 
uppe r r im 32.' high 

rratic 

H: •m oved 
S: Dene ct-or vanes 
on upper rim 

Counter-clockwise 
circulation 
Upper stand: Calm 
Field: Gusty 

I 

I 
~-

-------- ..& -- -

3.3 

l. 9 

14.6 

3.5 

2.0 

l. 7 

3 .9 

, 0 

1H: Removed 
S: Same as C 47 

,Field flags point tow rd 
home base 

I 

Gusty 

IH: R e moved 
I 

: Sa.me as C 48 

Poor 

Excellent 

Poor 

Poor 

Poor 

P oor 

Poor 

Poor 



Not R el5- emoved,St aum o 1100 u 
Reel 6 ~ Hill Modified, Stadium Unm:mtlffuetl. 

Run 

No. 

C 53 

·g. No. 

Reel No 

33 a, b 

5 

C 54 36 a, b 

D l 

J..J .. 

D3 

D4 

D5 

D6 

5 

113 a, b 

6 

1 I . - .... , ..., 

6 

3Ei , b _ 

6 

36 a,. b 

6 

33 a, b 
1 

I 
~ 

I 

6 

39 , b 

6 

~ 
I 

+ 

Sketch 
Scale 

' , 

1:400 

_Bay ~ ..... 1 :400 

E!t'C4vafed f-1/// /n 
Accord w,' fh 

Grad1n9 P/d..n 

r.-; 
I ( 

/' 
~ 

l :800 ----

Bay - -
L 

Bay 

/',,J 
i 

:800 

1 :80_0 

l :800 

I 
I 

l:800_l 

ind .. 

16 

17.7 

16 

17.7 

31 

17.7 

31 

17.7 

31 

17.7 

31 

17.7 

31 

17.7 

31 

1J. 'loll fQVU UY •I V •----------~----~-

3 

4 

l 

3 

4 

l 

-
3 

4 

3 
I 

~4 

I 

l 

z 

3 

1 

-
z 

3 

4 

l 

2 

3 

4 

l 

Velocity at Fou Description a1d Im p rovcn:, 1 

of Flow Points in MP 

1.7 

z.o 

13.8 

2.0 

5.0 

2.6 

2..3 

2.0 

5. 9 

2.7 

3.4 

1.8 

I 3. 1 

3.8 

1.7 

2.6 

5.7 

Flow Pattern 
- -

H: Remove'd 
I S: Solid screen 

1 
on upper rim 32 1 

high 

tlmil r to B 4 

H: Removed 
IS: Dcfloctor vanes 
on upper rim 

H: SW and NE 
-~ Slopes excav ted 

S: Unmodified 

Very gusty 

I 
I 
I 
I 
I 
I 
I 

I H:- Uppe~ level I 
1 remn above 188.6' 
~ e l evation 

S: Unmodified 

Southerly contr ol 
{approximate) 

H: SE portion 

1
remo~d above 188. ' 

1 elevation 
S: Unmodified 

Erratic 

H: SE portion iJ.lPV ~d 
I above 25' elevation 
base of cut intersec s 

Poo1· 

Poor 

Poor 

Poor 

Poor 

9.8 -1 stadium at sec. 2Z 
_ Poor 

4.4 IS: Unmodified 

1 
3.Z I Errati 

---7H: SE portion ~ ; ' · ow-~d -- -

~._z _ ~above 25' elevation, 

3.8 

3,6 

3,3 

7.8 

G. 2 

1. 6 

l. 3 

1S: Unmodified 

I 

I 
~ 

I 

V ry gusty 

H: NW portion .J·.enioved 
bov 25 1 ele tion 

S: Unmodified 

~ ery gusty 

Poor 

Poor 



Run 

No. 

D 7 

D8 

D9 

D 11 

D 12 

D 13 

D 14 

s - led , 

Stadium Unm:mliff' ti 

I 
F_ig. No.~ 

j, --
33 a, b 1 

6 

I -

33 a, b 

. ' 

Sketch 

Scale 

Bay l :800 

@} 
6 

~550 I 

39 a, b 

6 

) . , 

6 

12 a, b 

6 

12 a, b 

6 

12 a, b 

6 

36 a, b 

' t -
.,,-

., 

) 

Bay l :800 

Bay~ - 1:800 

Excavated hill in 

\ 

accoro wtlh 
/ / gradin.9 plan 

Bay 1 :800 

I 
__ ) 

Bay ~ l :800a 

El . 188. io , 

( 

- «~ Bay l ;800 

' .,,, 
Bay 1 :800 

Bay 1 :800 

Wind Vel. in MP Velocity at Fou Description and lmprovem ent 
1 

irect. in 1 SofW Points inMPH Flow Pattern of Flow -~--
i I 12 - 3. l 

17.7 

I 
H: Broad base cut to 
25' elev. on NE axi 
NW of stadium 

' 3 

31 
4 

1 

17.7 2 

' 3 

31 4 

1 

17.7 

3 

31 

♦ 

1 

17.7 

16 
4 

1 

17.7 
2 

3 

16 
4 

I 1 

l I 
r z 17.7 

I 
16 

17,7 

16 

17.7 

16 

[ 

1.8 

l.8 

0,9 

3.5 

2.6 

4.7 

2.5 

l.O 

2.2 

6.4 

1. 4 

6.8 

3,2 

S: Unmodified 

Very usty 

H: Broad base cut to 
2.5 1 el v. on N 35° :a: 
axis NW of stadium 

S: Unm odified 

Field flags point SW 

I 
Gusty 

j H: Broad base cut t9 
25 1 elev. on NE axis 

· southerly edge of b se 
tangent to st dium. I 
S: Unmodified 

Field fl s point NE 

-~ H: Same as D I 
l 
I 

I S: Unmodified I 

7. o Erratic 

2.. 6 

5.9 

5.9 

3.4 

2.3 

H: Same as D 2 
S: Unmodified 

Field flags point 
toward home plate 

Gusty 
-- - --- t: - -

H: Same as D 3 
11 • 8 S: Unmodified 

4 . 9 

5.4 
. 1 Erratic 

2.4 

H: Same as D 4 
l Z. 9 S: Unmodified 

7,0 

5,9 

3,2 

12.8 
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