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DR. CLARK B. MILLIKAN 

THE SOUTHERN CALIFORNIA COOPERATIVE WIND TUNNEL 

T HE articles coveringthe Southern California Cooperative Wind Tunnel have been 
prepared by the staff of the tunnel under the supervision of Dr. Clark B. Milli- 
kan, Director. The staff who have been primarily responsible for the design of 

the wind tunnel and its complex components include the following: Dr. C. B. 
Millikan, Director, Professor of Aeronautics; Dr. A. L. Klein, Associate Professor of 
Aeronautics; Dr. E. E. Sechler, Associate Professor of Airplane Structures; Dr. N. B. 
Moore, Curtiss-Wrighl Corporation; M. Serrurier; P. V. H. Serrell; J. E. Smith; 
L. G. Fenner; M. de Ferranti; W. HerLenstein; H. F. Richards; A. Fejer; F. M. Graf; 
J. W. Hill; J. B. Taylor; H. 0. Cox; and K. P. Go*. 

In addition, members of the California Institute of Technology and cooperating 
companies' staffs, too numerous to mention, have made essential contributions to the 
design and successful construction of the laboratory. The problems involved in the 
construction of many elements of the wind tunnel were of extreme difficulty and re- 
quired the highest degree of ingenuity. accuracy, and workmanship. The following 
organizations, tthich furnished the major components of the project b) their success- 
ful solution of these problems, made the completion of the laboratory possible: 
Consolidated Steel Corporation, Ltd.: Baldwin Locomotive Works; Tate-Emerv 
Company; Westinghouse Electric Corporation: General Electric Company; Inter- 
national Business Machines Corporation; Gay Engineerinflorporation of California; 
Carrier Corporation; Curtiss Propeller Division of Curtiss-Wright Corporation 
Wm. C. Crowell Company; The Fluor Corporation, Ltd. The assistance an 
cooperation of the Light and Power Department, City of Pasadena, in arrangin 
electric power supply, and of the California Consumers Corporation, in furnishin 
refrigeration for the dehumidifier, contributed ereatly to the proiect. 



FIG. 2. Console of control room, which provides centralized operation by means of remote control 
and indication circuits. 

INTRODUCTION aircraft. The design was jointly supported by the co- 
operating Southern California companies and the Cur t i s -  T HE Southern California Cooperative Wind Tunnel is Wright Corporation, which is constructing an essentially 

an achievement remarkable not only for its technical identical wind tunnel. It had to satisfy a number of very 
features, but perhaps even more significantly for the special requirements: Size had to be such as to make 
concept of cooperation upon which it is based, and the construction of complete airplane models relatively 
which is emphasized in its name. Under the impetus of simple. Operating conditions had to cover speeds up to 
wartime necessity, the traditionally highly competitive the velocity of sound, and also scales, or Reynolds 
aircraft industry, through joint and closely cooperative Numbers, as large as possible. Accuracy had to be 
action, astounded the world hy "ach iev i -~~  the impos. extremely high, and the time required to make the tests 
sible." With the coming of peace, the competitive spirit, and obtain complete data had to be held to the absolute 
with its emphasis on individual initiative, will return to minimum. Wide flexibility was required in the type of 
the  industry. test which could be conducted, and the transition from 
. Even under peacetime competition, however, there are tests on one project to those on another had to he 

certain fields of activity in which joint action is so rapidly and easily made. The tunnel, therefore, ha3 
intrinsically desirable as  to justify its permanent incur- many new features which are  justified by and can on!) 
peration in the aeronautical industry One of the most he understood and appreciated in the light of these Lerv 
important of these fields is that of research and develop- special requirements. 
ment, involving particularly the highly complex facilities 
required for the analysis and solution of the difficult 
problems encountered in the development of modem, GENERAL FEATURES 
high-speed aircraft. 
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FIG. 3. Diagrammatic plan view of tunnel, showing supporting columns. 

tunnel during construction. 



FIG. 6. Turning vanes downstream from working section. 

(FIG. 5. Cover illustration, shows adjustable turning 
vanes a t  one corner of tunnel.) 

left center of Fig. I. This chamber, which may be 
entirely closed off from the rest of the tunnel in less 
than a minute, is essentially an  air lock, 31% feet in 

nturi which is 1 2  

PURPOSE AND REQUIREMENTS 
HE general purpose of all wind tunnel tests is to 

obtain data from which the airplane designer can T . 
develop the design of a new airplane. Because of the 
extreme complexity of modern high performance air- 
planes, a great many varieties of data are required before 
it is possible to lay out a balanced design. In most in- 
stances it is impossible o r  at least very uneconomical to 
obtain accurate design information from airplanes in 
flight, thus making it highly desirable to be able lo 
ohtain data by other methods than flight testing. For 
this reason wind tunnels have been developed. 

Many types of wind tunnels have been built, but i l l  
have the purpose of creating a uniform stream of air 
which passes through a test chamber in which a scale 
model of an airplane is mounted. The model is mounted 
on struts or wire5 fastened to a system of balances which 
enable the tunnel opeiator to measure the forces and 
moments acting on the model. 

The forces and moments which act on the airplane, 
and on the model in the wind tunnel. depend on its 
attitude with respect to the direction of the air stream. 
That is, they depend on its angle of attack and angle of 
yaw. The variation of the forces and moments with the;< 
angles is important to the airplane designer. For this 
reason it is necessary that the model-supporting mecha- 
nism which is attached to the balances be capable of 
varying the angles of attack and yaw of the model in the 
wind tunnel. In fact a tjpical tun of a wind tunnel test 
consists of varjing either the angle of attack or the angle 
of yaw, while holding the other angle at  a fixed value, 
and recording the magnitudes of the forces and moments 
at each of a number of positions of the model. 

Certain types of investigations which may he carried 
out in a wind tunnel are of more theoretical interest than 
of immediate applicability in the design of aircraft, and 
really belong to the field of fluid mechanics. Apart from 
investigations of this sort, wind tunnel tests fall generally 
into one of two classifications. Tests may be conducted 
for the purpose of obtaining basic aerodynamic data 

FIG. 7. Model of corner with elliptical ring. 



without having in mind a specific airplane to which the 
results are to be applied, o r  they may be conducted on 
a scale model of an existing or proposed airplane with 
a view to predicting the performance and flying qualities 
of the full-scale airplane. 

Tests of the first class usually involve systematic 
changes in the model configuration and routine measure- 
ments of the forces and moments acting on the model. 
The model might for example represent a horizontal tail 
surface consisting of the stabilizer and a movable ele- 
vator. Systematic changes could be made in the elevator 
nose-shape, and the investigation could be extended by 
testing each nose-shape with each of several elevator 
hinge-line positions. The data accumulated from such 
a series of tests would be of value to an airplane designer 
because it might turn out that one of the combinations 
of elevator nose-shape and hinge-line locations tested had 
just the characteristics he requires, but whether this were 
true or  not, the data would enable him to predict, prob- 
ably with considerable accuracy, the characteristics of a 
new and untried combination. 

Even though the airplane designer makes use of many 
data of the sort just described, he must still resort to 
tests of the complete airplane in order to make sure thtit 
the final design meets a l l  requirements. A scale model 
of the airplane is built which reproduces very accurately 
all the details of the external shape of the airplane. Tlie 
internal structure of the airplane is  not reproduced in 
the wind tunnel model, since the forces measured by the 
wind tunnel balances are caused solely by the flow of 
air over the model. In addition to including such details 
as gun turrets, bomb-bay doors, retractable landing gears, 
etc., wind tunnel models have movable flaps and control 
surfaces, and a re  frequently t es te r  with running pro- 
pellers driven by small electric motors contained within 
the model. From the point of view of design, it is neces- 
sary to know not only the forces and moments acting on 
the complete airplane, but also the increment added by 
each part of the airplane separately: For this reason, 
the model is built so that the wing alone may be tested 
without the fuselage, nacelles, or tail surfaces. The 
model may be built up by adding the fuselage, nacelles, 
tail surfaces, gun turrets, etc., in turn, so that the effects 
of each component of the airplane on the characteristics 
of the airplane as a whole may be investigated. Thus it 
is possible to trace the origin of good o r  bad character- 
istics and to determine details of the design which require 
revision to effect improvements. 

With the development on the one hand of airplanes of 
very large size, and on the other of airplanes with 
extremely high speeds, it has become necessary to build 
wind tunnels of greater and greater complexity in  order 
to enable the testing of models under conditions which 
correspond closely to those met by the full-size airplane. 

The Cooperative Wind Tunnel is  capable of producing 
an air stream of very high speed and it is anticipated 
that tests will be carried out at air speeds up to the speed 
of sound (750 miles per hour). Such tests will provide 
much useful information regarding the so-called "com- 
pressibility effects" which play such a large part in the 
flight of a high-speed airplane, but concerning whicli 
there is much to be learned. ' 

Aerodynamic theory demonstrates, and it may be ob- 
served experimentally, that under identical conditions a 
small scale model does not possess exactly the same 
characteristics as the full-size airplane, so that the forces 
and moments measured by the wind tunnel balances do 
not correspond exactly to those which affect the motion 
of the full-size airplane. However, the small scale of the 

wind tuanel model may be compensated for by increasing 
the density of the air stream in which it is tested. It is 
for this reason that the Cooperative Wind Tunnel is of 
the variable-density type, capable of testing models at 
air pressures up to four times atmospheric pressure 
(58.8 pounds per square inch absolute). The tunnel may 
also be operated under reduced pressures down to ap- 
proximately 0.1 of atmospheric pressure (1.5 pounds per 
square inch absolute). An advantage of this arrange- 
ment is that at low pressures, less power is required to 
produce a high-speed air stream than is required at 
atmospheric or higher pressures. 

STRUCTURAL FEATURES 

T HE 
geometry of the Cooperative Wind Tunnel is 

similar to that of other well-known wind tunnels 
now in operation, such as the Wright Field 20-foot 
tunnel, the Wright Brothers Memorial Wind Tunnel at 
Massachusetts Institute of Technology, and the Boeing 
Tunnel a t  Seattle. Since there are great advantages in  
being able to control the pressure of the air in the duct, 
the Cooperative Wind Tunnel was designed so that air 
could be maintained at any desired pressure between 
approximately 1.5 pounds per square inch absolute and 
58.8 pounds per square inch absolute. 

Since the duct acts as a pressure vessel, it was designed 
in accordance with standard practice for  such vessel. 
The duct is constructed of steel plate approximately one 
inch thick and is arc welded. Approximately 3,000,000 
pounds of steel were used in the fabrication and erection 
of the tunnel. Approximately 17 miles of electric arc 
welding were required. Large sections of the duct were 
prefabricated in the shops of the Consolidated Steel Cor- 
poration in Maywood, California, and trucked from 
there to Pasadena, where they were erected by the com- 
pany's field force. 

The tunnel is supported on eight columns, as indicated 
in Fig. 3. The general construction is shown in Fig. 3. 
These columns have spherical ends so that each is the 
equivalent of a portion of a sphere 18 feet in diameter. 
The tunnel is free to "roll" on the eight columns-at 
least so far as the columns are concerned. The tunnel 
is restrained from moving horizontally (in any direction) 
by a pin which is located midway between columns three 
and four and engages a plate welded to the tunnel. The 
tunnel is restrained from rotating about this pin by a 
link which connects the tunnel and the base of column 
seven. Thus the tunnel is restrained horizontally in a 
statically determinate manner. It  can expand or  con- 
tract without restraint. 

After the tunnel was completed (structurally) the dis- 
tribution of the weight between the eight columns was 
measured and then redistributed to conform to design 
assumptions. The load in each column was measured by 
mounting a special (20-foot) extensometer on each 
column. The zero reading; was determined by jacking 
the tunnel up so as to take the weight off the columns 
(four at a time). It  was found that column three was 
carrying about 50 per cent more than its design load and 
that column four was correspondingly unloaded. 

The problem of transferring the concentrated loads 
from the columns to the shell in such a manner as  to 
avoid unduly high stresses is a complicated one. The 
basic theory can be found in Timoshenko's Theory of 
Plates and Shells. Herman Schorer in an article entitled 
"Design of Large Pipe Lines," published in Transactions 
of the A. S. C. E. 1933, clearly illustratesthe application 
of the theory. 
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The corners of the tunnel contain turning vanes for 
efficiently turning the air (see Figs. 5 and 6) .  These are 
mounted in an elliptical section about three feet l o n ~ ,  
which is inserted between the ends of the cylindrical 
shells. The forces acting on the elliptical ring are the 
following: 

( a ) .  Dynamic air forces on the vanes. 
(b) .  Air pressure on inside of elliptical ring. 
(c). Loads due to stresses in shell plate wherever it is 

intersected by the elliptical ring. 
Loads (a)  and (b) are fixed and do not depend on 

the elastic properties of the elliptical ring. Loads (c) 
are known if the elastic properties of the elliptical ring 
correspond to those of the cylinder which has been cut 
away. This relationship, however, is very difficult to 
establish. 

Two types of construction were considered: 
1. The ends of the vanes to be fastened to the ellip- 

tical ring so as to act as stay bolts. 
2. The ends of the vanes to be fastened through slip 

joints so that no axial loads could be transmitted to 
the vanes. 

Both types of construction had been used previously 
for wind tunnels, but no data were available on which 
a choice could be based. The staff of the Cooperative 
Tunnel selected method (1)  above, because in their 
opinion it saved considerable material, eliminated a liit 
of "dirty" expansion joints and provided a much more 
rigid elliptical ring, thus being much more satisfactory 
so fa r  as carrying loads (c) above. A typical corner 
may be seen at the right of Fig. 4. 

A design of the elliptical ring was made on the basis 
of statics, neglecting bending stresses in the ring and 
assuming that the loads due to'gresses in the shell were 
not changed because of the elastic properties of the ring. 
These assumptions seemed reasonable, but it was felt that 
some further substantiation was necessary; so a scale 
model was constructed (six feet in  diarneter-approxi- 
mately one-fifth scale). Because of the materials avail- 
able, the dimensions of the model were such that a 
pressure of 53 pounds per square inch on the model 
caused the Same unit stresses as would a pressure of 47 
pounds per square inch in the tunnel. The model is 
shown in Fig. 7. 

The stresses in the model were measured by using 
Huggenberger strain gages on the elliptical rings and 
shell, and dial gages on the vanes. The results showed 
that the model had not been built with sufficient accuracy 
to secure the results ultimately desired, but nevertheleas 
they showed that the design assumptions were satia- 
factory. After the stress measuring program had been 
completed, the model was proof-tested as this practice 
is defined in the A.P.1:A.S.M.E. code. This test con- 
sisted of painting the surface of the model with white- 
wash and then gradually raising the pressure until flak- 
ing of the whitewash indicated yielding of the material. 
The pressure in the model reached 175  pounds per square 
inch before any flaking of the whitewash was detected. 
The pressure was then gradually increased to 225 pounds 
per square inch. At this pressure the distortion was 
large over the entire model and there seemed to be no 
reason for carrying the pressure higher. 

The decompression sphere was designed on somewhat 
the same basis as the corner structures. A model of this 
section was also built and tested in a similar manner. In 
general the model test results indicated satisfactory be- 
havior. 

The fan for the 10 foot Calcit* tunnel until quite 
recently has been equipped with wooden blades. During - 

"Guggenheim Aeronautical Lalxn'atory, California Institute of Tech- 
nology. 

approximately 15 years of operation a number of 
wooden fan blades have been wrecked and on one OCCJ- 

sion the loose blades broke through the comparatively 
thin concrete shell surrounding the fan. The fan blades 
for the cooperative tunnel are aluminum alloy, so that 
there is every reason to believe that the danger of losing 
a fan blade is negligible; nevertheless an attempt has 
been made to provide for that contingency. The fan 
shaft and bearing supports are strong enough to resist 
the unbalanced certrifugal force occasioned by the loss 
of one-half of the blades-all on one side of the hub. 
The shell surrounding the fan section is twice as thick 
as required by pressure considerations. It  is further 
reinforced by a steel cone, filled with concrete, surround- 
ing the shell at each fan. 

The shell and the reinforcement of openings, etc., con- 
form to the A.P.1.-A.S.M.E. code. The stiffening rings, 
which prevent the shell from collapsing because of 
external pressure, were designed so as to buckle under 
an external pressure of 60 pounds per square inch. The 
design formulae can be found in Timoshenko's Strength 
of Materials or Theory of Elastic Stability. 

MAIN DRIVE POWER PLANT 
AND CONTROLS 

T HE fan system in the Cooperative Wind Tunnel is 
driven by a two-element electric motor set with a peak 

rating of 12,000 hp. The basic unit of this set is a 
variable speed direct current motor supplied through a 
separate motor-generator, which is made up of a variable 
voltage direct current generator directly coupled to and 
driven by an alternating current motor of the synchron- 
ous type. These three machines, comprising the direct- 
current system, have a top rating of approximately 2,000 
hp at from 300 to 570 rpm. Power requirements beyond 
the capacity of the direct current system are supplied 
by an alternating current, adjustable speed, induction 
motor provided with a wound rotor and slip rings and 
carrying a short time rating of 10,000 hp. The speed 
and torque of this alternating current machine are  con- 
trollable by means of a slip regulator of the liquid 
rheostat type, involving movable electrodes immersed in 
an electrolyte solution. Both motors are separately 
forced air cooled and are assembled as a three-bearing 
set, driving the fan propeller shaft directly through 
flexible couplings. A portion of the power room is 
shown in Figs. 8 and 9. One of the power panels is 
shown in Fig. 10. 

This split system of drive motors was devised to take 
advantage of standard developed machines in a com- 
bination providing flexibility and reliability at moderate 
cost. The particular combination selected, in conjunc- 
tion with a controllable pitch propeller fan system, is 
calculated to permit comparatively high efficiency opera- 
tion over the complete speed and power range and at the 
various air densities attainable. This is possible since 
a substantial portion of the high air speed region may 
be operated at approximately full shaft speed, thus 
effecting low slip losses in the induction motor secondary 
resistive device. The reader is reminded that appreciable 
losses are inherent in the operation of such a n  induction 
motor substantially below its designed top speed. Full 
advantage is taken of the wind tunnel characteristic that 
power requirements at various speeds are essentially 
proportional to the cube function of the comparative 
speeds, so that at one-half the maximum air speed only 
one-eighth, or roughly 1500 hp, is required to drive the 
fan. 
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Or.. of the functions of the direct-curretit component 
in thia system LS to enable a quick slow-down of the air 
in motion in the tunnel by means of absorbing power 

ck inco me electrical sp tem through provisions for 
erative braking feed-back. Regeiicrati>e braking 
s %hen the fan is dri'ven a t  a -peed substantialh 

that corre-pending to the combination of air 
t! and propeller screu pitcli. Lnrler such condi- 

us the fan operates as a turbine to absorb pover, which 
n drive? the direct-current motor as a generator to 
mp electrical energy back into the supplv system. 

This is desirable especially at high air  densities, since 
comparatively large amounts of energy are stored in the 
high ?peed recirculating 
.-topped before the proced 
rigsing cart ma) be effec 

Thus it may be under3 
;'yetem coders the lower ha 
pnlent ly .  does its share in 
and regulates to stabiliz 
any setting, besides oper 
low-downs. The dutv 



FIG. 12. Downstream view of fan installation showing 
blades behind prerotation vanes. 

carry the major load over the upper half of the speed 
scale. 

Another important requirement for precision testing 

drive is equipped. 
Electricity is purchased wholesale from the Pasadena 

Municipal Light Plant. Service is brought to the labora- 
tory underground through a 17,000 volt cable. At the 
wind tunnel snhstation the voltaee is stenwed down to " . . 
2300 volts for use in the main machinery and in a sepa- 
rate transformer bank in the same station where it is 
reduced to 440 volts for auxiliaries and for supplying 
local transformers for small power and light circuits. 

The system of control installed provides for centralized 
operation at  a master control console (Fig. 2) by means 
of remote control and indication circuits. With the 
exception of selection of type of operation and required . . 
.uri-d. all fiiwliuii1- are ;iuli~ni.ilii-. Thi- "iii\'itlvo the 
vxtrn>ivt.  it- i i f  ititrrln< kin'; i i n l  internr~4vt' r c h h  and 
contactors to  initiate such operations as forced draft 
cooling of the main drive units, circulation and cooling 
of the slip regulator electrolyte, starting sequences, the 
allocation of power requirements between the direct- 
current machine and the alternating-current machine, and 
l i e  roiiili~ion of rr;e~irrati\t- Lriikins. Anioii; llic 1111. 

nirrnii- cilitoln~tb' fexliirt-6. i -  .I r>.-,;uliitor for niiiint:iininr' - 
a favorable poTver factor of the system. This device 
interprets the phase relationship of incoming current 
and voltage and adjusts the excitation of the main drive 
synchronous motor to maintain a preset power factor 
within the limits of the equipment capacity. Direct con. 
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trol of starting and operation of the main uiachines is 
effected through metal clad switchgear, utilizing air- 
break circuit breakers carrying a fault interrupting rating 
of 150,000 kilovolt-amperes. 

Since this power machinery is used for experimental 
purposes it is susceptible to unusual load conditions and 
is therefore provided with an extensive system of inter- 
locks and automatic protective devices. This includes a 
multi-point strip chart temperature recorder controller 
which indicates and records temperature of various ma- 
chine windings, transformers, tunnel air and slip regu- 
lator electrolyte. This device is arranged to transmit 
warning signals to the console operator on approach of 
excessive temperatures and to initiate automatic shutdown 
prior to dangerous conditions. 

Excitation and control of the main drive equipment 
and also for the auxiliaries, such as model power motor 
generators and compressor drive, is supplied by a sepa- 
rate five unit 125 hp set having four exciter generators. 
Protection of major machines is insured by  the use of a 
storage battery for tripping circuits. 

Preliminary tests of the equipment under actual load 
conditions indicate that satisfactory operation may be 
expected. 

FAN SYSTEM 
T H E  wind tunnel air drive installation comprises the 

and flexible coupling. 
The reanirements that the fan of the Coouerative Wind 

Tunnel must meet are usually severe: Operating at 
highest possible efficiency over the entire range of tunnel 
pressure, it should be able to absorb the entire power 
input of the 12,000 hp drive. The pressure rise across 
the fan should be reasonably uniform over the cross 
section of the tunnel and the flow leaving the fan should 
at  all times be purely axial in direction. 

The design resulting from these requirements is an 
unusually flexible fan arrangement, operating at a maxi- 
mum of 595 rpm and consisting of two identical stages 
and a set of flow straightening vanes, located downstream 
of the second corner of the wind tunnel. The diameter ot 
the tunnel in that region is 21 feet 10 inches and the hub 
diameter of the fan is 12 feet. See Fig. 11. 

Each fan stage consists of a set of 12 stationary pre- 
rotation vanes and a set of 16 fan blades with detachable 
coupling located between the two fan hubs, making it 
possible to use either the first stage alone or both stages. 
The prerotation vanes are equipped with adjustable 30 
per cent trailing edge flaps. Pitch of the fan blades can 
also be adjusted. Both of these adjustments can be made 
by remote control. This control is arranged in such a 
manner [hat it is possible to change all of the flap angles 
and blade angles simultaneously by means of a master 
push button, or to carry out the change separately for 
each of the following five groups: prerotation flaps of 
first stage, blades 1-8 of first stage, blades 9-16 of first 
stage, prerotation flaps of second stage, blades 1-16 of 
second stage. It is envisaged that the master push button 
will be used for all adjustments during a run, while the 
separate controls will be needed whenever the tunnel 
pressure or speed is appreciably changed. In the region 
of high pressures (about one and one-half to four atmos- 
pheres) only one-half, i, e., eight of the blades of the 
first stage will he used. The other half of the blades of 
that stage and all the blades of the declutched second 
stage will be set to  give no thrust. In  the intermediate 
pressure ranze (about one and one-half to three-fourths 
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atmospheres) all blades of the first stage will he  used. 
while hoth stages will have to operate at the lowest tunnel 
pressures. At the proper combination of hlade pitch and 
flap angles the flow will leave the fan with approxi- 
mately axial direction, i. e., without appreciable rota- 
tion. Any small rotation left in the flow is removed by 
means of a set of six straightening vanes located just 
downstream of the second fan stage. 

fans are coaxially mounted in the east run of the 
near the corner adjacent to the power house. 

are 21 feet nine and one-half inches in diameter, 
ne-quarter inch nominal clearance between blade 

tip and tunnel shell. See Fig. 12. Each fan carries 1 6  
forged aluminum alloy blades held in socket assemblies, 
which are bolted to flats on the periphery of a seven 
foot diameter huh. The hlade socket in which the inner 
end of the blade is held is a forged alloy steel hollow 
cylinder, flanged at the hub attaching end. The blade 
enters and is rotatahly mounted in the socket near its 
outer end on three angular contact ball bearings. The 
outer pair of bearings carry the centrifugal force load 
of about 100 tons. 

I n  addition to the function already mentioned, the 
blade socket houses a series arrangement of two bevel 
gear units and a planetary gear unit connecting the end 
of the blade with the pitch control shaft, which enters 
the hocket through the flange. About 2600 turns of the 
latter a re  required f o r  one turn of the hlade. Chevron 
-als are provided where blade and pitch control shafts 

iter the socket. to prevent loss of lubricant. 
The fan hub is a steel weldment consisting of an outer 

irged ritig, 16 inches wide by three and one-half inches 
ick, joined to a sleeve 20 inches long hy 29 inches io 
m e t e r  by two web plates two and one-half inches thick. 
he 16 flats on the outer periphery are machined to 
ve the blade axis an upstream angular inclination of 
i e  degree 18 minutes from the plane of rotation. Under 
S e  circumstances centrifugal force imposes a moment 
I the hlade which counteracts a portion of the moment 
~e to air thrust. The fan hub is pressed on and keyed 

a forged alloy steel solid shaft which is 14 inches in 
amett'r inhere it passes through the hub. and 10 feet 
nig. The fan shaft is supported near the end by two 
iherical self-aligiiing roller bearings. The downstream 
Â¥arin mount contains, in addition to the radial hear- 
g. a thrust bearing to carry the full load air thrust 
' 18 tons. 
4 declutchahle flexible coupling connects the two 

11 shafts and nrovides for oueration of the unstream 
in singly or the tuo  fans as a unit. When the tunnel 
operating with the npstream fan alone, the blades of 

ie downstream fan will be set at full feather pitch to 
*ep the fan slowly windmilling and prevent Brionelling 
' the roller hearing races. A 16-inch diameter hollow 
e l  drum shaft 30 feet long supplies the connection 
itween the upstream fan shaft and the motor in the 
awer house. A plain seal hearing supports the motor 
id of the drive shaft and a spherical roller bearing the 
in end. The drive shaft is connected to the upstream 
n shaft by a flexible coupling which is identical to the 
ie connecting the two fan shafts. Motor and drive shaft 
'e connected hy an extended type flexible coupling 
hich will permit an offset of one-fourth inch between 
ie shafts and a change of two and one-half inches in 
ie gap between them. These allowances are necessary 
'cause of expansion and a strain in the tunnel structure. 
The 22-inch long babbitted hearing is swivel mounted 

I the tunnel shell and carries the 10-inch diameter 
rive shaft journal. In addition to its function as a PUP 

port. the bearing provides a seal against loss of air to 
or from the tunnel. Hub oil is fed to a circumferential 
cavil> at  the center of the bearing from an overhead 
supply tank and flows through the clearance space 
around the journal toward hoth ends of the bearing. 
Flow of oil from the atmospheric end is collected in a 
drain tank vented to the atmosphere, and the flow from 
the tunnel end in a drain tank vented to the tunnel. 
Float-controlled pumps return the oil from the drain 
tank through a filter to the overhead supply tank. The 
oil supply tank is vented in such a manner that the air 
pressure above the oil is either atmospheric or tunnel 
pressure, whichever is the higher. 

The drive shaft is completely enclosed in a steel tube 
22 feet long, one end of which is welded to the tunnel 
shell and the other to the upstream nose of the nacelle. 
All parts of the fan installation, including fan fc l~af t~ ,  
bearing mounts, hubs, sockets, etc., are enclosed in a 12- 
foot diameter by 50-foot long nacelle. 

The flow of air through the fan section takes place 
in the annular space between the nacelle and the tunnel 
shell. See Fig, 12. The nacelle is supported by means 
of three sets of vanes xvhich extend radially between the 
nacelle and the tunnel shell. A set of 1 2  equally spaced 
prerotation vanes is located just npstream of each fan, 
and a set of six s t r a i g h t e n i n ~ a n e s  a short distance 
downstream of the fans. The trailing third of each pre- 
rotation vane is attached to a shaft located at the for. 
ward end of the flap. The shaft is carried on hall-bear- 
ing mounts, one just inside the wall of the nacelle and 

FIG. 13. Pitch control gear box, showing connection to 
control rods. 



FIG. 14. The cooling radiator a t  corner upstream of working section consists of 80 units of finned 
copper coils. 

one ju-it outside the tunnel thell. The shaft is sealed a1 
the shell by means of a chevron-packed stuffing box. 

The flap shaft is, rolalable by means of a leper, nut, 
and lead screw mechanism. Thc lead screws controlling 
Else flaps on each set of prerotation vanes are connected 
together by means ot universal join1 assemblies so thaL 
the 12 flaps of a iet can be rotated as one. There is a 
25'x-inch ivide continuous slot in the nacelle at each 
fan. through which the blades project into the air stream, 

A continuous lairmg structure which is attached to 
the hub fills the nacelle slot except for a three-eighths- 
inch clearance gap at each side. The 22-inch diameter 
blade access holes in the fairing are filled by cuffs which 
are attached to the blades. Seal plates extending between 

minimize windage losses. 4 differential gear hot: is 
mounted on each fan shaft on the upstream side of the 
din. This gear box, shown in Fe. 13, gathers, the 16- 
blade socket pitch-control shafts and provides a mecham- 
cal connection between control shafts attached to totat- 
ing and non-rotating structure. 

Two group-control shafts project from the upstream 
gear box and a single one projects from the downstream 
box. The blades on the upstream fan may be connected 
to either of two pitch-control groups by means of a 
manual adjustment within the differential gear box. 
The two groupcontrol shafts on the box provide s 
a t e  pitch control for the ~wo-blade group. The 
blades on the downstream fan are controlled in a sing 
group. Extensions of the three-blade pitch control shaf 
from the differen~ial gear box pass through stu 
at the tunnel shell and connect to worm gea 
nuts mounted on concrete blocks on the floor. 
$lap pitch control extension shafts connect t 

floor unit". Universal joint assemblies are incorporated 
in all five conlrol lines to provide for the relative mo- 
tion of tunnel and ground. 

Actuating power, control. and indication for flap and 
blade pitch change are supplied by an external pitcls 
control system. This is an assemblage of e le~tr ic  mo 
tors, miter gear unitb, magnetic clutches and special gear 
boxes, mounted on a concrete tonndation on the floor 
near the fan section. 

Each of the two-flap and three-blade pitch-control 
shafts continues on from the worm gear reducer and 
couples into the output shaft of a special p,e.ar box 
These gear boxes serve several purposes. They contain 
dials from which the pitch can be read. and h e  and 
coarse autosyn generators which transfer pitch mdica- 
tion to the console in the control room. They also mount 
the limit switches which control travel limits of blade 
and flap. In addition the boxes provide facilities for 
changing the gear ratio between the input and output 
shafts if it becomes desirable to alter the rate of pitch 
change. The motors and auxiliary elements of the sys- 
tem are arranged and electrical controls are set up so 
that ihe special gear boxes may be driven simultaneously 
by the 'master motor o r  independently by the individual 
motors. 

The m 

boxes. I n  the system are a 'storage tank, filter, fil 
circulating pump, two supply pumps, oil cooler, d 
tributing manifold with pressure relief line hack to t 
itorage tank, orifice plates, control valves, distribu ' 
piping, teleflow meters. temperature indicators, ther 
switches, and collection piping The 200-gallon sto 
tank is hung from the east side of the tunnel near 



oss this radiator, it was placed \kith the tubes run- 
g parallel to the plane of the corner ellipse. The 

are independent of tunnel press11 vanes; similar to those shown in Fig. 6, turn the 
only 45 degrees; thus the air  arrives normal to 

diator face and is turned by an additional 45  
s, completing the full 90 degree turn, on leavin 

A temperature indicator and thermoswitc diator. This final turn is achieved by means o 
in the cabe of each roller bearii turning sanes that are integral parts of the rad 
are in contact with the outflowi r fins. The radiator coils are provided with wate 

rculation entering and leaving through the tunnel 
orner vanes. The water is cooled by circulation over 

motor if the oil temperature exc 11g toiver. About 3.600 gallons per minute of 
water can be circulated in this svstem. 

COOLING AND DEHYDRATING ccenth it has become known that the re1 
itv of the air i+ one of the important varamet 

THE coolingspecification> of the Cooperative igh speed flow. Furthermore. any appreciable ac 
Tunnel call for continuou-' opeidtion of the eqi ation of moisture would cause considerable inco 

at a power input of 12,000 hp, with the tempera u ce and complications. Therefore, it became advisa 
the air inside the tunnel l imi~ed to about 125 degre n control the humidity of the air inside the tunne 
The radiator, which removes the corresponding am his is done by means of a so-called dehydrator, an  ai  

5. 15. Entrance to decompression spnere showinq model cart in workinq section. 
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n made, the large door to the  
loyed and the gate valves into 
unit is then readv fo r  oneratio 

- " . . " 
of the California Consumers Corporation. During p ins  one table, models can he installed for testing on 
f shutdown, the tunnel air  can he circulated throu e other tables outside the tunnel. When tests o n  the 
he dehydrator by means of a 3,000-c/m circulating fan st model are completed, the table or  cart is rolled out 
urthermore, all fres tunnel, the second is moved in, and the next test 
e a i r  compressors a to proceed. The use of the multiple model tab 

efote entering the tunn ur5 or even days of tunnel time whenever a ne 

HE working section of the hind drawn curtains. Thisprovision makes it possibl 
having a rross-sectional di or  different com~an ies  to have models a t  the wind tu - ,  
ocated within a steel sphere 311h feet in diameter I simultaneously and still maintain the desired s 



HE suspension system for the Souther 

ode! in the tunnr! is cont.rolted by remotely operate 

~indshields  in the proper oriental-inn with resp 
i n  I m i  and prevents any contart bet 



FIG. 19. Showing massive steel door of decompression sphere partially closed. 

as the tail is moved up and down to change the angle of from the force measuring system and removed from the 
attack of the model. working area (see Fig. 25). This is accomplished hy a 

If the model contains motors for running propeller';, jacking system acting on a four-legged cart, the top of 
or power for the operation of various model functions, which comprises the floor of the tunnel working section. 
the power leads are led up through the tail strut and into Normally this working section floor, on which is fastened 
the body of the model for distribution. Several sizes of any strut windshielding system, is supported by the main 
main trunnion arms and tail struts may he used, depend- tunnel shell and is not connected to either the force 
i n  upon the operating speeds of the tunnel and the measuring or model supporting system, the legs of the 
forces expected on the model. Locations of both the tail cart being shortened so that they hang freely in space. 
strut and main trunnion arms are adjustable to accom- If a model, with its suspension system, is lo be removed 
modate various model sizes and configurations. from the tunnel, the legs of this cart are jacked down on 

The third type of model support is known as the to a pair of tracks. As they contact the tracks, the floor 
N.A.C.A. strut support system. In this, the tail strut is of the working section rises, disconnects itself from the 
removed and the main trunnion arms are replaced by two tunnel shell, and picks up the model suspension system. 
other arms, each having a double strut at the top. The separating the suspension system from the metrical 
model is connected to these systems and, since the rear aystem, Electrical and hydraulic leads between t h ~  sus- 
struts are remotely adjustable, the model may be ad- pension and metrical systems must be broken (by the 
justed in angle attack from the control room. In  general, disconnection of multiple pin plugs). When this sepa- 
with this system in use, the model will not he rotated in tion has been completed, the complete model suspen- 
yaw. For small or lightly loaded models, it is possible n and windshielding system may be moved under its 
to put one N.A.C.A. trunnion at the center of the workin wn power out of the tunnel on the tracks which extend 
section and support the model on a single tripod syste rom the sphere into the working area and over to one 
These arms are also attached to the metrical or for the model shops. Then, assuming that one of the 
measuring system and are windshielded to reduce win er available mode1 suspension systems has been made 
loads on the supporting arms. with a model completely installed, th' 

Any model supporting system may be easily separa 
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electrical and hydraulic lines plugged hi, the tunnel doors This separation of the suspension system and the force 
closed, and the second system is then ready for testing, measuring systems permits carrying out most of the 
The jacking and traversing motors are  built in as part model installations in the model shops rather than in the 
of each cart and are connected to the power supply by a wind tunnel. Models are becoming very elaborate, some 
flexible cable which may be plugged in in various post- of them having hundreds of pressure and electrical leads. 
tions in the sphere and in the working room. Manual To install such complicated systems in the wind tunnel 
tmsh buttons give smooth. controllable operation, All would mean seriously curtailing the number of hours 

rest of the working section. the tunnel doors are closed, system available, the amount of installation necessary in 
the windshield and trunnion arm systems are not touch. the tunnel is greatly reduced and the tunnel may he used 
ing, the proper electrical circuits are in, and much more efficiently. It is even possible to attach to 
numerous other functions are correctly connected. the cart carrying the suspension system a platform ex. 

When a change is made from one three-point system tension on which may he placed multiple manometers 

to another or from a three-point to an N.A.C.A. system, for taking large numbers of pressure readings and other 
data-taking devices. These also may be completely con- 

the back and front the working nected ",, in the model into the tunnel, 
section remain in place in the tunnel. If the ring frame ready for 
system is used, the hack wall and ceiling of the working In order to determine the tare drag of the "model sup- 
section are removed, since the cart carrying the ring porting system and the effect of the supporting system 
frame system carries wilh it a special hack wall and on the airflow around the model, a so.cal]ed 
ceiling as well as the ring frame to support the model. system is used.  hi^ of an inverted frame 
This is all moved in as a unit, after which the tunnel hanging above the ceiling of the working section, upon 
working section part is attached to the tunnel shell and is which are attached main and tail strut windshields which 
separated from the ring frame, and the ring frame is  are inverted duplicates of those for the three-point 
fastened to the force measuring system. system. By the use of this image system, flow symmetry 

FIG. 20. Door of decompression sphere is fully closed in this view. 



FIG. 21. View showing contraction entrance to working section. 

about the model ma) be obtained and the effect of one 
asymmetrical set of supports can he determined. This 
image system is attached to a hydraulic ram passing 
through the top of the working repon sphere and may 
be lowered into the working section as needed. The 
i m a p  system frame also may be med to support variom 
flow measuring and calibrating devices, either instead of 
or in conjunction with one of the regular three-point 
systems. 

METRICAL SYSTEM 
HE metrical, or load- and moment-measuring system, T used in the Cooperative Wind Tunnel, is unique in 

several ways. First, it is entirely contained within the 
structural shell of the tunnel and, therefore, must operate 
at pressures hoth above and below normal atmospheric 

since vertical loads on the model correspond to lift 
forces, these capsules directly measure the lift forces on 
the model in the tunnel. 

On the upper surface of the base frame are three cir- 
cular flat pads. Resting on these flat pads is a large 
ring which is carefully machined flat on hoth top and 
bottom surfaces. During operation oil is pumped into 
the flat pads on the base frame, and the large ring is 
then entirely supported by a thin oil film. This dy- 
namical form of oil support bearing is similar to that 
used on the 200-inrh telescope on Mt. Palomar and was 
chosen as  a metrical hearing because of its extremely 
low coefficient of friction. Any horizontal forces on the 
model (drag or  cross-wind forces) are applied to the 
metrical svtem and are transmitted to this large ring, 
and, unless restrained, the large ring would slide on the 
oil pads. The larfe ring is, however, restrainefl by one 
draz link and two side force links, which in turn are 

pressure. Second, none of the forces or  moments arising to the bane frame through forcemeasuring 
from the air loads on the model are connected to the capsules. The drag link, running along the tunnel axil. 
force- and moment-measuring devices through hall or  measor= drag directly. The two side force links lie 
other normal types of h h n g %  and thin there are no perpendicular to the tunnel axis and are so a r r a n ~ d  that 
hearing friction* entering the final data readings. Third, ,I,,, of the form increments on the two link- aive'. 
all force's and moments are separated so t ha t t he  six tile cross-wind form on the model. 

m p o n ~ n t s ~ l i f t ,  drae, cross-wind force, pitchmg mo- In order to rotate the model in yaw, a vertical axis 
i t ,  rolling moment, and yawing momeot-are made is established on the large ring and the whole ring is 

vailahle in the form of direct reading data without the rotated I,? means of a remotely controlled worm and 
nccesqity of additional computations. gear drive, with the large ring rotating on the flat padh 

The lowest member of the metrical system is a tri- of the base frame. The worm-gear housing is actually 
angular frame (the base frame; see Figs. 27 and 28) connected to the base frame through, and is stahili~ed 
whirl1 rests on three supports carried in the bottom of by. the side force links. 
the spherical shell surrounding the tunnel working s Resting on top of the large ring are three more oil 
tion. Between the has& frame and these supports a d*, one of which is shown in Fig. 29. These are 
three loael-measuring cap-ules, to he described late erical in shape and have as their center the center 
These capsules serve to measure any change in veriica point of the tunnel. This center is the midpoint of the 
load in the system. Since the model suspension svste line connecting the tops of the two main model support 
is attached to the metrical wetem durine operation, an arms. On these spherical pads rests a moment table, 
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through which all of the model forces and moments pass. this cross beam has in it weights which may he adjusted 
The forces are transmitted through the spherical pads to compensate for any initial pitchine momeni of the 
and are taken out in the manner described ahove. The model which may arise from the model weight's not 
moments, however, would tend to make the moment tahle actingon the pitching moment axis. For the ring frame 
rotate in the spherical oil pads unless it were restrained. system the bottom surface of the ring frame is attached 
This restraint is accomplished by means of links between to the top of the moment table and thereby transmib 
the moment table and the large ring. each link b e i n g t h e  model forces to the metrical system. 
connected to a force-measuring capsule. Along the axis Having the system level is of extreme importance in 
of the tunnel one link is used to measure the model view of the fact that everything ahove the base frame 
pitching moment, and across the tunnel axis two links rests on the base frame flat oil pads. If these were not 
are used, spaced some distance apart. The sum of the level, a component of all the weight ahove this point 
forces in these two links is a measure of the rolling mo- would contribute to the dragforce reading. In  order 
ment, while the difference gives the yawing moment on to obtain the required drag accuracy these pads must be 
the model. The spherical oil pads are double kept level to one part in two-hundred thousand 
thus form a spherical cup which completely restrain (1/200,000), and this is accomplished by the use of two 
the model. very sensitive tilt-measuring devices (tiltmeters) which 

The top of the moment table is the line of can indicate an out of level in the system of one part in 
between the metrical system and the model suspensio a million. Since the level of the system is also affected 
system (see Fig. 27). For the three-point and the bv the thickness of the oil film in the oil pads, the oil 
N.A.C.A. support systems there is attached a t  this point film thickness in all pads is continuously measured and 
a cross beam which carries the main support arms and indicated to the tunnel operator in the control room. 
a device to support and move the tail strut. In addition By means of sensitive flow valves the operator ma1 

FIG. 22. Exit downstream from working section, showing gate valve open. 



FIG. 23. Exit downstream from working section, showing gate valve beginning to close. 

adjust the oil thickness from the control room whenever The new-type Emery capsule has its piston stayed by 
necessary. He also has a control on two of the base- two perforated, annular metal stay rings. Forces exerted 
frame supports, whereby he can adjust the level of the on the capsule are conveyed to the piston through arms 
base frame. extending from the side of the piston. The piston is 

Ie faced and has two metal sheets (one on each end) 

TATE-EMERY SYSTEM anning the gap between the piston and the cylinder, 
thereby preventing oil leakage. A constant hydraulic 

HE force-indicating system developed for u lire is admitted to one end of the capqule from a T Cooperative Wind Tunnel is a new applica ' stant pressure source outside the tunnel. The effect 
the principles used in the Southwark-Tate-Erne he constant pressure (preload pressure) is to elevate 
machines, which are manufactured by the Baldw pressure on the opposite end of the piston (weighing 
motive works in with the A, H ) to the same pressure as the constant pressure. This 

is composed of two element 
the indicating system. e pressure in the preload 

because of its outside origin. 
WEIGHING SYSTEM otion control (filling control), incor- 

n the case of the lift capsules the entire weight of the 
pension system (50,000 pounds) is supported on the 

w-type Emery capsules, yet a one-pound weight added 
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FIG. 25 (at left): Showing model cart in position in working section. FIG. 26 (at right): End view of model cart 
showing surface plates. 

mce. of the jressnres the high range has 10 times the capacitk of the lo\\ 
tunnel suspension range. Change of range can he made (hiring a test I>\ 

Ill the case of a rely depressinga switch. Zero adjustment of each 
nut-ide source of dicator, to compensate for dead weight clianges, i. 
ment of the press compiinhed by flicking a toggle switch. Zero adjust- 
in hydraulic press ent and change of ranees can he made at each indicator 

simple as  well as exceptionally sensitive device with &wn in   able I. 
the necessitv for comulex auxiliaries Air entprs 

stem through a reducing valve and a filter and fun 
ns through a simple jet orifice system. Oil presau 

rom the weighing side of the hydraulic capsule ente - .  
essnre-sensitive element. The servo-motor balanc 
ressure through an isoelastic spring system by h E  of the out-tanclin 

pull on the slide rod. tending to prevent mo 
ent of the pressure-sensitive element. The force r 
tiired to restore tht= element to its original point (it igned.  and built by the Inte 

r i g  force) iq measured b) the isoelastic sprin lines Corporation especia 
em. The isoelastic spring system is a special typ 

ical spring having a linear characteristic hetwee of measuring and computing equipment to meet 11 

o ce exerted and tlinflection. Temperature errors a quirements in the field of science. When the tun 
iminated by the use of isoelastic metal, which is a as in its formative stages, Dr. A. 1,. Klein pointed 
inva r  type of alloy hat if devices were to be developed enabling not onl 

Indication of the f the automatic measuring of test data. hut also recordin 
-sensitive element is produced by means of a .  idled cards. the latter could he automatically p 
pinion which operate off the slide rod of the . by I.B.M. standard equipment to compute dime 

o r  The linear motion of the slide rod pro s coefficients. The problem *ab presented to I 
ation of the pinion. which in turn rotates the porn e ema  ~ o n a l  Rusiness Machines Corporation with the 
the front of the Tate-Fmery indicator dial. quest that development of suitable devices be undertak 

High and low ranges are  provided for a11 Tate-E and that standard equipment for computing be furnished 
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FIG. 27. Diagrammatic view of three-point system and metrical system. 

Thomas J. Watson, president of I.B.M., requested I. W. 
Bryce, I.B.M. senior scientist, to take charge. The re- 
search and development work were started under the 
supervision of A. H. Dickinson, senior engineer. 

R. I. Roth and J. N. Wheeler, assistant engineers, and 
Mr. Dickinson collaborated in inventing and developing 
mechanisms and circuits for accurately measuring the 
settings of instruments and for translating the measure- 
ments into digital form for indication and recording. 
The entire development was carried out in accordance 
with the requirements of the Cooperative Wind Tunnel. 
Catherine Bryan, I.B.M. system's servicewoman, colla- 

borated in developing a computing procedure using the 
company's standard equipment for performing mathe- 
matical computations on punch cards prepared by I.B.M. 
automatic measuring and recording machines. 

A model embodying the principles was constructed and 
after a period of testing was approved. Production of a 
complete complement of equipment was started, and its 
installation at the Cooperative Wind Tunnel was com- 
pleted in December, 1944. This equipment was pre- 
sented to the California Institute of Technology as a gift 
by Thomas J. Watson, president of the International 
Business Machines Corporation. 
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FIG. 28. Top side of metrical system. 

. of test data and the auto~Aatic r 
h y  printins on a worksheet and 
1 c a r  Subsequently the card 
ly I)? I.B.VT. standard equipment 

ensionless coefficients for s:iuly hy aerodynami 
he machines reduce the amount of time require 
form a series of tests on u model airplane. Acij 
nts of the model to each point i n  a test series 
iedited liiice the visual read 

. automatic measuring and rec 

o wei;hi.iggages which give a measure of the for 
lid moments exerted on the model airplane as  i 
~ p o r t r d  in tlie tunnel wind stream. The remain 

ollovv- ID units are associated with receivers of autosv 
lernete~ing devices wliich giive a measure of the an$ 
f the plane with respect to the wind stream. \Vh 

plied to a weighing ^;age. a follow-up unit determi 
FIG. 29. Showing one of three oil pads which rest on settiugk17 measuriny linear motion to one t 

brae  rina on t op  side of metrical system. tiousandth of an inch. When applied to an antosv . . 
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n of I.B.M. standard machines to perform 
i o n s  automatically on punched cards reduces the 
terval between completion of tests on a model and 

vailability of finally computed data to aerodynam- 
for analvsis. The calculations for each test ~ o i n t  in 
es require one and one-half minutes or less of 
ions by the machines. 

ig. 32 shows diagrammatically the various machines 
accurately and rapidly perform the necessary 

ditions, subtractions, and multiplications as the data 
ransformed into dimensionless coefficients. A photo- 
h of the computing room is shown in Fig. 33. There 

shown in Fig. 32 a worksheet upon which i r e  
the finally computed dimensionless coefficients. 
ysis of these coefficients aerodynamicists can ile- 
and predict the flight characteristic'; of the full- 

Ie airplane, based on the model tested in the tunnel. 
relatively fixed in value throughout a series o f  the 
and these are set u p  on keyboard units. These units 
electrically control the display of numbers on the 1 
banks and data recording by the printer and the pu 
Each keyboard unit handler a single column of num 

1 conditions, certain models will be equipped with high- 
speed electric motors driving scale-size propeller'; run- 
ning at top speeds equivalent to those in actual flight. 

series of tests. For this purpose the laboratory in the Cooperative Wind 



FIG. 31. Line drawing showing I.B.M. measuring and recording system. 

FIG. 32. Line drawings of I.B.M. computing equipment used; in the measuring and recording system. 
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AT LEFT: 

electric torsion dyna 





Graduate Mechanical 
Engineer 

For Experimental and Design Engineering 
on Amphibian Tanks 

Must be all around engineer with ability in 
machine design, stress analysis, metallurgy, 
etc. 

Food Machinery Corporation 
Procurement and Engineering Division 

6000 North Figueroa Street 0 CLeveland 6-4151 

Los Angeles 42. California 

Pictured above is Kerwood Specialty's External Power 
Plug Assembly #117. The #117, with its two-fisted 
partner, the $121 External Power Receptacle, are to- 
day starting the nation's mighty aircraft under every 
condition. This husky pair can boast of qualities born 
only of a thorough knowledge of the job to be done, 
and of electrical "know-how". Skill of engineering 
design has prepared these units to provide a high 
capacity connection which carries a 1000 ampere 
rating. Kerwood Specialty's engineering-design staff 
can help you! Write for further information to: 

KERWOOD SPECHALTY, LTD. 
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1 C.I.T. NEWS 1 
ATHLETICS 

By H. Z. MUSSELMAN, 
Director of Physical Education 

s TAN CLARK and Jack Cardall participated in the 
National Intercollegiate Tennis Tournamemt at North- 

western University, June 25-30, Clark, seeded seventh, 
and one of the three seeded players from the Pacific 
Coast, rapidly won recognition for his fine play and up- 
set the dope bucket to reach the semi-finals. Here he was 
eliminated by Lieutenant Frank Mehner of West Point, 
who later was defeated by Francisco Segura of Miami 
University in the finals. Cardall met his defeat in the 
fourth round, and the pair playing in the doubles tourna- 
ment was eliminated in the third round. 

Ken Shauer and Roland Nielsen represented the Insti- 
tute in the national A.A.U. track and field meet held at 
Randall's Island, New York, on June 30. Shauer, running 
the 440, qualified in  his heat, but failed to place in the 
finals. Nielsen tied for third in the pole vault in the 
junior meet, and placed sixth in this same event in the 
senior meet. 

Coach Dr. Floyd Hanes and two members of his 
championship Caltech track team were awarded medals 
by the Helms Olympic Foundation, Bill Schroeder, man- 
aging director, making the presentation on an N.B.C. 
radio sports broadcast. Coach Hanes was honored as the 
"track coach of the year," Shauer was designated as the 
most "inspirational" member of the team, and Bill Frady 
was given a medal for being the high point man of the 
season. 

Four Caltech men, four from U.S.C., and one each 
from U.C.L.A. and Pepperdine, were named on the All- 
Conference baseball team. Selected from Caltech were 
Co-Captain John Anderson, who had a pitching record 
of three wins with no losses and hit .410; John Schi- 
menz, .437, catcher; Dick Roettger, .361, pitcher and 
first baseman; and Milt Strauss, .449, outfielder. Strauss, 
Schimenz, and Anderson were the three top hitters of the 
league. Anderson led the league in pitching, runs scored, 
and hits, while Schimenz led in home runs, runs batted 
in, and stolen bases. They were a valuable and versatile 
battery. Schimenz, by a vote of the squad, was awarded 
the Alumni Baseball Trophy and plaque for the current 
season. 

Championship charms are being presented to all mem- 
bers of the track, baseball, and swimming teams. 

Chief Specialist Mason Anderson, who coached the 
1944 football team to such a fine record, received his 
commission in June and after conducting a few weeks of 
spring football practice was transferred to another 
station. 

Only four lettermen-Milt Strauss and Bill Libbey, 
tackles, Norman Lee, guard, and Jerry Wozniak, half- 
remain from the 1944 championship squad. Returning 
from last year's second stringers are Merle Kam, guard, 
and Lloyd Chamberlain, Flavius Powell, and Stanley 
Mendes, backs. John Schimenz, who made his letter at 
the University of Kansas last year, will be a welcome 
addition, as will a number of high school lettermen, who 
just entered the Institute this semester. 

The team this year can't be expected to reach the 
records of the 1944. "wonder team," but it will be good 
enough to meet all opponents on equal terms. 
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What every 
aircraft engineer 

knows 

(The following message is taken,from a recent Consolidated Vultee magazine 
*Â¥- 

advertisement entitled,"The Joker in  Air Power,"addressed to the American public.) 

E VERY AIRCRAFT engineer who ever saw the inside 
of a wind tunnel knows what the  joker in Air 

Power is. 

The  joker in Air Power is TIME-the heartbreaking 
months and years it takes to design, to  build, and to 
perfect a plane to the point where it becomes an efficient, 
service-tested battle plane, ready for action. 

In  aerial warfare, the nation that depends on mere 
quantity and present-day superiority of its planes cannot 
win. That is one reason why Germany lost. 

Progress in aeronautics is now so rapid that today's 

'hottest" combat plane is virtually obsolete tomorrow. 
It must be replaced, with all possible speed, by new 
planes now on our  drafting boards, in our wind 
tunnels, or undergoing test flights. 

These are facts which an alert America should not, 
must not, forget. 

Research and development in the field of aeronautics 
is an insurance policy on the life of the nation. 

And we must not let a single premium lapse! 

Let's keep America 

strong in the Air !  

CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
San Diego, Calif. Tucson, Ariz. Nashville, Tenn. Dearborn, Mich. Miami, Fla. 
Vultee Field, Calif. Fort Worth, Texas Louisville, Ky. Allentown, Pa. Member Aircraft 
Fairtield, Calif. New Orleans, La. Wayne, Mich. Elizabeth City, N. C. War Production Council 
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Established 1897 

Wm. C. Crowell Company 
General Contractor 

Cooperative Wind  Tunnel o f  Southern California 

Due to semester finals and vacation, it is necessary to 
conclude the season early in October. 

The schedule: 
*Friday, September 7-Redlands, at Rose Bowl. 
*Friday, September 14Ã‘Occidenta1 at Rose Bowl. * 

'Saturday, September 22-Omitted, 
Saturday, September 29-U.C.L.A. Jr. Varsity, at Coliseum. 

*Saturday, October 6-San Diego State, at San Diego. 
Saturday, October 13Ã‘Occidenta1 at Occidental. 
- 
:Night games. 

COMMENCEMENT EXERCISES 
On June 22 in Dabney Garden, in the presence of 

many relatives and friends, commencement exercises were 
held for 254 V-12 and civilian seniors, some in absen8.a. 

After the concert and processional, the invocation and 
chaplain's address were given by the Reverend Curtis 
Beach. 

The commencement address was given by Dr. Robert 
A. Millikan, who also conferred the degrees. Candidates 
for certificates and degrees were presented by Dean 
Franklin Thomas, Dr. W. R. Smythe, Professor W. W. 
Michael, and Dr. John P. Buwalda. 

Thirty-three candidates received Senior Certificates, 
154 candidates received the degree of Bachelor of 
Science, 58 Master of Science, and nine Doctor of 
Philosophy. 

CHICAGO ALUMNI MEETING 
On June 5 a small group of Caltech alumni met for a 

luncheon meeting in the Faculty Club at Illinois Tech. 
Harry Farrar, past president of the Alumni Associa- 

tion, was guest speaker. Mr. Farrar spoke briefly on 
some of the recent outstanding campus developments, 
such as the wind tunnel and the new mechanical engineer- 
ing building. 

Organization of a formal Chicago chapter was dis- 
cussed but no action was taken for the present because 
of war activities. 

C. 1. T. Men in Servicet 

170 East California Street, Pasadena, California 

Sycamore 2-6692 Ryan 1-6190 

Name Class Rank 
............. McAnlis. R. C '44 * 

C O N S O L I D A T E D  
E N G I N E E R I N G  
C O R P O R A T I O N  
595 E. Colorado St. Pasadena, Calif. I 

............. McBreen, K. L "44 
....... McClain, J. F., Jr '42 

......... McClung, R. M '39 
McCoy, H. M ............... '35 
McDonald, G. D., l r .  '44 
McKarritv. R. V ......... 44 

Ensign * 
2nd Lt. 
Capt. * 

-. - - . 
............... McGee, C. G '43 * 
............... McKee. G. T '23 * 

........ ~ c ~ i b b o n ,  P. S .'42 * 
....... McKillip, J. C. S '36 Lt. 
..... McNaughton, J. B '44 Lt. 

.............. McNeal, Don '35 Major 
............. McQuate, J. T '44 Ensign 

McRae, J. W '34 Major 
McWethy, R. E ........... '43 * 

................... Mead, 0 .  J '43 Ensign 
................. Mead, R. R '33 Lt. 

......... Mechling, W. B '38 Lt. 
............. Menard, H. W '42 Ensign 

...... Mendenhall, John '33 * 
........... Mercereau, J. T '24 Lt. Col. 
......... Merryfield, L. W '42 Pvt. 

............... Mettler, R. F '44 Ensign 
................. Meyer, G. F '42 p. 

......... Meyer, R. G. H '37 
................. Miller, C. B '44 Midshp. 
................. Miller, D. D '40 * 
................. Miller, J. A '41 * 
.............. Miller, K. M. '44 2nd Lt. 

tList begun in June issue. 
information lacking. 

Service Location 
U.S.N.R. * 
U.S.N.R. * 
U.S.N.R. * 
U.S.A. Illinois 
U.S.A. * 
U.S.N.R. * 
U.S.N.R. * 
U.S.N.R. * 
U.S.A. Overseas 
U.S.N.R. . 
U.S.N. 
U.S.N.R. * 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.N.R. * 
U.S.N.R. * 
U.S.A. Washington 
U.S.N.R. * 
U.S.N.R. Overseas 
U.S.N.R. * 
U.S.A. Virginia 
U.S.A. California 
U.S.N.R. New York 
U.S.N.R. Overseas 
U.S.A. Overseas 
U.S.N.R. Annapolis, Md. 
U.S.A. * 
U.S.A. * 
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E N G I N E E R E D  E Q U I P M E N T  
Furnished f o r  t h e  

SOUTHERN CALIFORNIA COOPERATIVE WIND TUNNEL 
by 

ENGLISH & LAUER, INC. 
Pressurizing 

NASH ENGINEERING COMPANY - Pumps for pressurizing tunnel. 

Heat ing,  Venti lat ing and A i r  Conditioning 
AMERICAN AIR FILTER COMPANY - Filters for cleaning air in tunnel, office 

and equipment buildings. 
PACIFIC STEEL BOILER DIVISION OF U. S. RADIATOR CORP. - Boilers in 

the heating plant. 
S. T. JOHNSON COMPANY - Oil burners for boilers. 
THE TRANE COMPANY - Heating coils. 
WESTEBN BLOWER COMPANY - Fans. 
ANEMOSTAT CORPORATION OF AMERICA - Air diffusers. 
MINNEAPOLIS-HONEYWELL REGULATOR COMPANY - Controls. 

ENGLISH & LAUER, Inc. 
1978 South Los Angeles Street 

Los Angeles 11, California Telephone-Richmond 6316 

Formerly Utility Fan Corporation 

4 8 5 1  5.  A L A M E D A  STREET L O S  A N G E L E S  11, C A L I F O R N I A '  
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Name Class Rank 
Miller, S. S ...' 37 Lt. 
Mills, W. E , Jr. ..'44 Ensign 
Mitchel. Ted S. -... '33 Lt. 
Mitchel, W. P ............. '42 Ensign 
Mitchell, J. A ............ '44 * 
Mitchell. R. K ............. '44 Ensien 
Mohr, W. H .............-.... '29 Lt. Col. 
Manning, J. C., Jr.. .'33 Lt. Col. 
Moody, Max W ........... '24 Lt. Cmdr. 
Moore, C. K ................. '37 * 

Moore, F. H ................. '44 Ensign 
Moore, R. L ................. '42 Lt. 
Moorman, T. S , .......... '38 Lt. 
Morgan, A. J. A ......... '44 S 1/c 
Morison, Bradley ...... '45 Midshp. 

....... Morris, F. W., Jr '44 2nd Lt. 
................. Morris, L. P '34 Lt. Cmdr. 

Morse, Chas. .............. '36 Capt. 
Munk, W. H ............... '39 * 
Murphy, D. B ............. '44 Ensign 
Murphy, J. N ............... '37 Lt. 
Nakada, Yshinao ........ '40 Sgt. 
Naldrett, D.. A ............. '44 Ensign 
Neiswander, R. S ....... '40 Lt. (j.g.) 
Nestler, W. W ............ '36 Capt. 
Newby, C. T ............... '40 Lt. 
Newman, S. F ............. '44 Ensign 
Nichols, R. M ............. '36 * 
Norsworthy, T. W ..... '44 * 
Novitski, Edward ...... '42 * 
Nye, L. C ..................... '30 Capt. 
Oberholtzer, W. E., 

Jr. '36 Lt. 
Oder, F. C. E ............. '40 Major 
Offeman, Richard ...... '37 Ensign 
Ofsthun, S. A ............. '38 Lt. 
Oliver, C. W., Jr  ......... '44 Lt. (i.g.) 
Olmsted, .Harold ........ '33 Cmdr. 
Olson, C. B ................... '42 Lt. Cmdr 
Olson, C. W ................. '44 Ensign 

Service Location 
U.S.N.R. California 
U.S.N.R. * 
U.S.N.R. Florida 
U.S.N.R. 
U.S.N.R. * 
U.S.N.R. California 
U.S.A. Overseas 
U.S.A. Overseas 
U.S.N.R. Overseas 
U.S.A. Wright Field, 

Ohio 
U.S.N.R. * 
U.S.N.R. California 
U.S.A. * 
U.S.N.R. California 
U.S.N.R. Rhode Island 
U.S.A. New Jersey 
U.S.N.R. California 
U.S.A. Overseas 
U.S.A. Washington 
U.S.N.R. Overseas 
U.S.N.R. Overseas 
U.S.A. Minnesota 
U.S.N.R. * 
U.S.N.R. Annapolis, Md. 
U.S.A. Florida 
U.S.N.R. Virginia 
U.S.N.R. New York 
U.S.N.R. Overseas 
U.S.N.R. * 
U.S.N.R. * 
U.S.A. Overseas 

U.S.N. . Pearl Harbor 
U.SiA. North Carolina 
U.S.N.R. * 
U S A .  * 
U.S.N.R. Overseas 
U.S.N.R. Overseas 

. U.S.N. Washington, D.C. 
' U.S.N.R. 
"7 

Name Class 
Ortiz, J. P ................... '39 
Osborn, J. E .............. '39 

............. Osbome, H. G '42 
............... Osborne, L. S '44 

Osgood, G. M ............. '44 
................... Ours, S. R '44 
................ Paller, Jack '36 

......... Palmer, C. S., Jr  '40 
................. Palmer, J. G '41 

Palmer, R. J ................. '44 
Parch, N. T ................. '41 

......... Parish, E. W., J r  '39 
Park, N. R .................. '37 

. .-.-..-..-......- Parker, J. E '38 
............... Parker, T. B '44 

................... Parr, W. S '35 
........... Pastoriza, R. B '44 
........... Patterson, G. B '41 

............... Paulson, J. J '41 
....... Pearce, R. B., J r  '44 

................. Peame, J. F '34 
Pendery, D. W ............. '44 
Phelps, J. M ............... '44 
Philleo, R. A ............... '27 
Phipps, R. R ............... '44 
Pilorz, B. H ................. '44 

............... Pischel, E. F '44 
................... Popp, L. E '44 

Pomsh, I. I ................. '41 
............... Potter, W. T '35 

....... Powlesland, K. L '43 
Price, H. A ................. '42 
Price, L. H ................... '44 
Pritchett, J. D ............. '30 
Proctor, Herman, J r  ...' 44 

................... Putt, D. L '38 
Radford, J. G ............. '34 

............ Rambo, Lewis '43 
Randall, R. 0 ............. '44 
Rattray, Maurice, Jr. '44 

................... Reid, D. C '43 

Rank 
1st Capt. 
Ensign 
Ensign 
Ensien 
Midshp. 
Lt. Cmdr. 
Lt . 
Lt. * 
* 
Ensign 
Lt . 
War Off. 
(Jun. Gr.) 
Lt. 
Lt. 
Lt. Cmdr. * 
* 
Lt. 
Lt. 
Lt. 

* 
Major 
Ensign 
Ensign * 
* 
* 
Ensign 
Ensign 
Pvt. * 
* 
Ensign 
Lt . 
Lt. Cmdr. 
Ensign * 
* 
Ensign 

Service 
Army of 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.N. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 

Location 
Mexico 
Overseas 
Overseas 
Massachusetts 
New York 

Overseas 
Dayton, Ohio * 
* 
Washington, D.C. 
Overseas 

U.S.A. Overseas 
U.S.A. * 
U.S.A. * 
U.S.N. Overseas 
U.S.N.R. Rhode Island 
U.S.A. * 
U.S.N.R. Overseas 
U.S.A. * 
U.S.N.R. * 
U.S.N.R. * 
U.S.N.R. * 
U.S.A. * 
U.S.N.R. * 
U.S.N.R. Overseas 
U.S.N.R. * 
U.S.N.R. * 
U.S.A. 
U.S.N.R. * 
U.S.N.R. Virginia 
U.S.A. Michigan 
U.S.N.R. * . 
U.S.A. Virginia 
U.S.N.R. * 
U S A .  * 
U.S.N.R. Washington, D.C. 
U.S.N.R. New Jersey 
U.S.N.R. * 
U.S.N.R. * 
U.S.N.R. Overseas 

Electric Wiring for the Southern California Cooperative Wind Tunnel 

LL electric wiring for the Southern California Cooperative Wind Tunnel, A operated by California Institute of Technology, was installed by Pacific 
Electrical and Mechanical Company, including the insulation of motors and 
generators and wiring of the control system. 

Pemco-Complete Electrical Service 
Lighting-Power-Maintenance and Repairs-Plant Engineering and Design 
-Serving: Factories, Warehouses, Industrial Plants, Studios, Theatres, Banks, 
Department Stores, Hotels, etc. 
ENGINEERINGÃ‘Ou trained engineers are avail- TRAINED PERSONNELÃ‘Ou personnel, trained in 
able at all times to help you with your lighting a11 phases of electrical work, will relieve you of 
and power problems. the worry of obtaining electricians during the 

present manpower shortage. 
DESIGNING-we will design your power and light- EQUIPMENT-Our trucks are always fully equipped 
ing to fit your needs-to increase efficiency and with tools and material, thereby making it possible 
lower your electrical consumption. to complete your job with one stop. 

For Electrical Repairs and Service 

PACIFIC ELECTRICAL & MECHANICAL COMPANY, INC. 
Los Angeles Office 400 Sloufh Boylsfon, Telephone MAdison 7641 

Branch Offices in Los Angeles, Sam Francisco, and Seattle 
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Name Class Rank Service Location Name Class Rank Service Location 
............... Reimers, G. I '41 

Rempel, J. J ............... '44 
........... Renshaw, W. C '20 
........... Reynolds, R. W '27 

Rhoades, Rex ............ '43 
........... Richards, R. T '17 

....... Richardson, 0. B '30 
Riddell, R. B ............... '44 
Ridland, A. C ............. '43 
Riggs, E. H ................. '27 
Rikel, Chas. R ............. '44 
Ritter, John ................ '35 
Roberts, W. F ............. '44 
Roese, H. V ................. '42 
Rogers, W. V ............... '27 
Rooke, D. R ................. '34 
Ross, E. H ................... '28 
Routt, Robert ............ '41 
Rula, A. A ................... '44 
Rupert, C. S., J r  ......... '41 
Russell, R. L ............. '33 
Ryan, F. R .- ................. '41 
Sadler, K. H ............... '44 
Sanders, LeRoy .......... '44 
Sandifer, V. E ............. '41 
Saplis, Raymond ........ '44 
Saunders, G. R ........... '44 
Savit, C. H ................... '42 

Schauer, E. H ............. '42 
Schei, D. A ................... '44 
Scbneider, Arthur ...... '43 
Schneider, C. L ........... '34 
Schrader, C. G ........... '40 
Schroder, L. D ............. '32 
Schubert, Wm. .......... '41 
Schultz, W. F ............... '32 
Schuman, Daniel ........ '37 
Schureman, K. D ....... '42 
Scoeoh, W. A ............... '38 
Scoles, A. B ................. '38 
Scott, W. R., J r  ......... '44 
Sccibner, Orville ........ '42 
scully, C. N ................. '38 

Seed, R. W ................... '44 
Seekins, C. W ............. '42 
Seller, D. D ................. '44 
Seymour, S. ................ '26 
Shalecky, F. H ........... '40 
Sharp, Robert P ......... '34 
Shefchik, D. R ............. '44 
Shields, John C ........... '30 
Shields, J. E ................. '22 
Shor, George .............. '44 
Shores, V. R ............... '41 
Shugart, D. F ............. '22 
Shugart, H. E ............. '16 
Shnler, W. R ............... '32 
Shults, Mayo G ........... '44 
Sidler, A. W .............. <..'338 
Sieger, R. J ................. '44 
Silberstein, R. F ......... '41 
Silvertooth, E. W '40 
Skalecky, F. W ........... '41 
Skinner, M. J ............. '42 
Skinner, R. H ............. '23 
Smith, Frank, Jr  ......... '44 
Smith. G. F ................ '44 
Smith, J. C ................ ....'42 
Smith, Joe N .............. '37 
Smith, M. C ................. '43 
Smith, P. H ................. '44 
Smith, R. C ................. '20 
Smith, R. L ................ .'39 
Snodgrass, R. P .. '41 
Snow, Neil ................. .'36 
Snyder, Willard .......... '39 
Snyder, William ....... .'43 
Sogorka, J. J., J r  ....... '44 
Soike, R. J .................. .'44 
Southwick, T. S ........... '27 
Spaulding, A. T., Jr  ...' 44 

Ensign 
Ensign 
Lt. Cmdr. * 
Ensign 
Lt. Col. 
Lt. Cmdr. * 
* 
Major 
Ensign 
Lt  . * 
* 
Major 
Lt. * 
Ensign 
2nd Lt. 
Lt. 
Lt. (j.g 

Â¥a 

2z.d Lt. 
Â¥! 

* 
* 
Pvt . 
Lt. (1.g.) 

* 
Pvt. * 
Ensign 
Cadet 
Capt. * 
* 
Lt. (j.g.) 
Capt. 
Lt. (j.g.) 
Lt . 
Lt . 
Lt. 
Ensign 
Lt 
Major 

4- 

* 
Lt. 
Lt. Col. 
Ensign 
Capt. 
Â¥a 

* 
Major 
Ensign * 
Colonel * 
Colonel 
Ensign 
Ensign 
Ensign 
Sgt. 

* 
* 
Major 
v 

Ensign * 
Capt. 
C P ~  

Mayor 
Major kt. 
-;Â 

J- 

> 

Ensign 
Capt. * 

U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S. A. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.M.C. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.N.R. 
U.S.A. 

U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S N.R. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U:5,N.R. 
U.S?N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.M.C. 

U.S.N.R. 
U.S.N.R. 
U.S.N. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U .S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U S A .  
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S. A. 
U.S.tA. 
U.S.N.R. 
U.S.A. 
U.S.M.C. 
U.S.M.C. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 

Washington, D.C. 
Massachusetts 
Overseas * 
New Jersey 
Overseas 
California * 
Colorado 
California 
Â¥ 

Overseas * 
Overseas * 
Washington, D.C. * 
Massachusetts * 
Overseas 
Alaska 
Â¥i 

Massachusetts 
California 
Georgia * 
Wright Field, 

Ohio 
Virginia * 
Overseas 
Missouri * 
* 
California * 
Washington, D.C. 
t 

Annapolis, Md. 
Overseas 
Overseas 
Overseas * 

Overseas 
Overseas 
Camp Pendleton, 

Calif. * 
Maryland 
* 
Fort Benning, Ga. 
Overseas 
Overseas * 
California 
Overseas 
New York * 
Florida 
South Carolina 
Fort Lewis, Wash. * 
* 
* 
Overseas 
Washington, D.C. 
Overseas 
California 
Overseas 

Washington, D.C. 
Maryland 

Overseas * 
Colorado 
Overseas 
Overseas 
South Carolina 
Overseas * 

Overseas 
California * 

Spencer, N. C ............... '41 
Spelling, M. H ........... '29 

............. Spooner, W. A '40 
Staatz. D. S ............. ~ ~ ~ ~ ' 4 0  
Stalev. R. R ................. '42 

.......... stanford, H. W '44 
................. Stevens, J. B '40 

............ Stewart, Davis '42 
............. Stewart, W. A '41 
............. Stirling, C. W '43 

................. Stone, W. S '38 
......... Stone, W. W., J r  '40 

Strickland, C, P., Jr ...' 43 
............. Strickler, R. F '41 

....... Strong, H. D., J r  '39 
Stroud, S. G ................. '41 

................. Stuppy, L. J '35 
Suggs, R. L ................. '33 

............. Sullivan, R. B '44 
Sutton, R. A '43 

........... Swanson, W. M '44 
Swift, F. T ................... '30 

................. Tarbet, T. V '31 
Taylor, G. F ................. '29 
Taylor, G. S ................. '44 
Taylor, J. C ................. '35 

............... Taylor, R. M '39 

............... Tenney, F. H '43 
..... Terhune, C. H., Jr '41 

............... Thayer, E. M '33 
Thompson, F. W ......... '29 
Thompson, W. C., Jr. '45 

..... Tiemann. Cordes T '41 
Timm, W. C ................. '44 
Tindle, J. W ................. '41 

............... Titzler, H. N '44 
............ Todd, George '40 

Tomamichel, J. J ....... '42 
Tookey, W. A ........ .....' 44 
Towler, J. W ............... '30 
Trimble, W. M ........... '44 
True. L. J., J r  ............. '42 
Tuedio, James ............ '44 
Turner, C. C ................. '44 
Turner, W. R ............... '42 

................. Tyler, R. M '39 
Tyra, T. D ..................... '41 

........... Ukropina, I. R '44 
Urbach, Kenneth ..... .'42 
Urgin, Nick ................ '34 

............. Urmston, J .  W '33 
Van Dyke, G. R ......... '40 

......... Van Horn, J. W '38 
...... Van Reed, Mabry '35 

Veenhuyzen. P. N. A. '42 
........... Velazqnez, J. L '39 
.......... Veronda, Carol '42 

............... Voelker, J. F '26 
Wadsworth, J. F., Jr. '44 

............... Walker, D. F '44 

.............. Walker, R. L '40 
Walkowicz. T. F .... '44 

.......... wallman, D. H '36 
................. Warfel, J. G '33 
.............. Warner, H. F .'37 
............ Watkins, J. M .'40 

................. Wayne, J. C '44 
............... Weaver, F. E '44 
............ Webster, G. M .'22 

Weeks, A. D ................ .'43 
.............. Weight. R. H '41 

.................. Wein, E. T '44 

................... Weir, G. B '40 
.......... weisman, G. H '29 

............ Wheeler, F. A .'29 

............. m e l a n ,  T. M '36 
W h i ~ u .  D. M .............. .'36 

........... Whitfield, H. H '41 

.......... Whitmore, J. F .'45 
....... Whittlesey, D. W '40 

......... Whittlesey. J. W 40 
Widdoes, L. C ............ .'41 

....... Widenmann. J. A '42 
Wight, R. D ................. '44 
Wilferth, L. E., IT ..... '45 

............. Wilking, A. P '33 
Wilkinson, W. D., Jr. '30 

* 
Lt. 
Ensign 
Lt. 
Ensign 
Lt . 
Lt. (j.g.) 
Ensign 
Pvt. 
Cmdr. 
Lt. * 
Lt. (j.g.1 * 
Ensign 
Ensign 
Major * 
2nd Lt. 
Lt. (j.g.) * 
Lt. 
Lt. Cmdr. 
Major * 
* 
% 

Lt. (j.g.) * 
* 
Lt . 
Cpl. * 
Ensign * 
Lt. 
Lt. 
Lt . * 
* 
2nd Lt. 
Lt. (j.g.) 
Ensign * 
* 
Lt . 
* 
2nd Lt. 
Lt. (j.g.) 
Cpl. 
Capt. 
2nd Lt. 
Capt. 

Ensign 
Ensign 
Maior 
Capt. 

Lt . 
Capt. * 
Lt. Cmdr. 
Lt. 
Lt. 
Cant. 
Ensign 
Lt. Col. 
Lt. (i.g.) 
s l /c  
2nd Lt. 
Major 
Lt . 
Lt. Cmdr. 
Lt. 
Major * 
* 
* 
Lt. (j.g.) 
Lt. 
Lt. 
Lt. * 
Lt. (j.g.) 

U S A .  * 
U.S.N.R. New Jersey 
U.S.N.R. Overseas 
U.S.A. Texas 
U.S.N.R. Washington, 
U.S.A. Overseas 
U.S.N.R. Overseas 

D.C. 

U.S.N.R. Maryland 
U.S.A. Overseas 
U.S.N. Washington, D.C. 
U.S.A. * 
U.S.A. * 
U.S.N.R. Marvland 
U.S.A. - 
U.S.N.R. 
U.S.N.R. Massachusetts 
U.S.A. Overseas 
U.S.A. * 

U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 

* 
Florida * 
Overseas 
Wright Field, Ohio * 
* 
Overseas 

U S A .  * 
U.S.N.R. * 
U.S.A. Florida 
U S A .  * 
U.S.N.R. * 
U.S.N.R. * 
U.S.N.R. * 
U.S.A. 
U.S.A. New Jersey 
U.S.N.R. California 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U .S.N .R. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 
U.S.N.R. 
U.S.N.R. 
U.S.A. 

Jk 

* 
* 
Overseas 
Overseas * 
New Jersey * 
* 

Montana 
4 

Virginia 
California 
Virginia 
Massachusetts 
Dallas, Texas * 
* 
California 

* 
Washington, D.C. 
Pennsylvania 
Washington, D.C. * 
Rhode Island 
Oregon 
New York 
Chicago, 111. * 
Overseas * 
Annapolis, Md. 
Overseas 
Overseas * 
* 
Maryland 
Overseas 
Washington * 
* 
* 
Texas 
New York 
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Name Class Rank 
............... Willard, K. A '35 
............. Williams, R. S '44 

.............. Willits, R. M '43 
Wilwin 1. H ............... '44 . . -. - - - , " -  . . 

............... Wilson, L. S '41 
Winchell. Robert -.-.'39 

.............. Winter, P. H .'44 
Wolf, P. L .--.-.............. '44 

............ Wolfe, Samuel '41 
Wood, F. W ................. '42 
Wood, G. M ................. '44 
Woodard, C. J ............. '45 

............. Woodard, G. E '34 
~ Writt, J. J ..................... '44 

Wuslich, Joseph ........ '44 
........ Wyckoff, Donald '37 

Yoho, L. W ................. '44 
Young, J. A., J r  ......... "43 

............... Young, W. B '44 
....... Zimmerman, D. Z '36 

............ Zipser, Sidney '30 
Zivic, J. A ................... '44 

Lt. 
Capt. 
Ensign 
Ensign 
2nd Lt. 
Major 
Ensign * 
* 
Lt. * 
Midshp. - 
Ensien 
Ensign 
Ensign 
'Ensign 

(Ensign 
2nd Lt. * 
Lt . 
Lt . 
Lt. 

~ a s h . , ' t o  the DuPont plant in Wilmington, 
Del. 

Service Location PROFESSOR G. HARVEY CAMERON, 
U.S.A. Washington, D.C. head of the Hamilton College physics de- 
U S A .  + partment, was appointed to the faculty of 
U.S.N.R. Overseas the War Department's University Study 
U S.N.R. * Center overseas. One of the staff of 10 
U S A .  * physicists selected for this work, Professor 
U S A .  New Jersey Cameron will serve either m England or 
U5N.R.  Overseas France from seven months to a year. 
U.S.N.R. * Professor Cameron received his doctorate 
U S.A. + from the Institute and was at one time 
U.S.A. Idaho assistant to Dr. Robert Millikan and 
U.S.N.R. * among the first to do doctoral work on the 
U.S.N.R. "- cosmic ray. 
U S.N.R. * 
U.S.N.R. * KENNETH C. McCARTEK is chief 
U.S.N.R. * landscape architect on the Blue Ridge 
U.S.N.R. San Francisco, Parkway and has an office in Roanoke, Va. 

Calif. 
U.S.N.R. * 1927 
U.S.A. Massachusetts EDWARD P. JONES recently assumed 
U.S.N.R. Â¥ the duties of senior right of way agent in  
U.S.A. Washington, D.C. charge of the right of way department, Dis- 
U.S.A. Overseas trict X, Division of Highways, Stockton, 
U.S.N.R. * Calif. Previous to his promotion, h e  was 
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in charge of that department for District 
VIII, San Bernardino, Calif. 

RICHARD M. DODGE is buyer for the 
Texas Company, Chicago, 111. 

ALUMINUM and MAGNESIUM CASTINGS 

New facilities, greater capacities and highly trained personnel are 

performing production recoas at Kinney Aluminum for many types 

of western manufacturers requiring a variety of aluminum alloy and 

magnesium castings-sand and permanent mold. 
Kinney's modern heat treating department, mold shop, chemical 

and X-ray laboratories within the plant assure high quality in the fin- 

ished product. The Quality Control over alloys and processes and the 

craftsmanship of our workers combine to produce castings which have 

made this foundry one of the largest in the West. 

This experience and "know-how" are at your service. Call a Kinney 

engineering representative for further details, or write. 

K I N N E Y  I N D U S T R I E S  
KINNEY IRON WORKS - 2525 East 49th Street 

Meehanite Metal and Grey Iron Castings 
THE KINNEY COMPANY- 275 North Avenue 19 

Production machine work, jigs, dies and fixtures 
VERNON PATTERN WORKS - 2323 East 27th Street 

Wood and Metal Patterns 
KINNEY ENGINEERING COMPANY - 5950 So. Boyle Ave. 

Engineers and Fabricators of Aircraft Parts 

1928 
FRANK NOEL, since completion of his 

assignment as resident engineer at Mo- 
d e s t ~ ,  Calif., last fall, has been in the 
Division of Highways, District X, right of 
way department, making calculations and 
writing deeds with postwar construction 
plans. 

MAJOR F. GUNNIER GRAMATKY is 
in command of an engineer unit engaged 
in restoring the streets of Manila. 

1929 
LIEUTENANT-COLONEL THOMAS 

EVANS was released in June from active 
duty in the corps of engineers. He has 
assumed duties as head of the department 
of civil engineering at Georgia School of 
Technology, Atlanta, Ga. 

CLARENCE G. SCHULZE has recently 
established an engineering organization in 
Los Angeles, Calif., which, a t  present, is 
engaged in war work with future plans 
being laid for postwar developments. 

1930 
ROSCOE DOWNS is project manager 

for Bressi and Bevanda, contractors, of Los 
Angeles, Calif. Mr. Downs has been with 
this firm and its predecessor since gradua- 
tion. Among some of the important works 
constructed by this firm are several sections 
of the Colorado River Aqueduct. 

NATHAN D. WHITMAN, Jr., announces 
the opening of an office in Pasadena, Calif., 
making available his services as consulting 
engineer. 

1931 
WILLIAM FRED ARNDT is in charge 

of submarine sonar section, responsible for 
all submarine sonar developments at the 
U. S. Navy Underwater Sound Laboratory, 
New London, Conn. He has recently pur- 
chased a home in the village of Quaker 
Hill. Conn. 

1934 
HAROLD T. HOLTOM is construction 

engineer for Macco-McKittrick-Morrison, 
Naval Ordnance Test Station, Inyokem, 
Calif. 

DR. GEORGE W. HOUSNER was com- 
mended for outstanding performance of his 
duties as chief analyst of the First Opera- 
tions Analysis Section of the Fifteenth Air 
Force, which took part in directing activi- 
ties in Africa, Sicily, and Italy. 

1935 
DR. ARTHUR IPPEN has just received 

recognition for the excellent work he has 
been doing at Lehigh University by ap- 
pointment as associate professor a t  the 
Massachusetts Institute of Technology, to 
head the division of hydraulics in the de- 
partment of civil engineering. 

1936 
PAUL S. JONES is an ensign in the 

Seabees and is stationed somewhere in the 
western Pacific area. 

1937 
CAPTAIN HUGH F. WARNER has just 

completed four years of active duty, his 
present assignment being chief of the pur- 
chasing and termination section, Ammuni- 
tion Branch, Pittsburgh Ordnance District. 
On St. Valentine's day of this year Captain 
Warner became the father of a son, named 
Jeffrey Degen. 

1938 . 
WILLIAM BRENNER was given the 

SLAUSON AND BOYLE AVENUES LOS ANGELES 11, CALIFORNIA task at Westinghouse Electric Corporation 
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Lest we 

Now that the war is over for 
Germany, many in this country 
may feel that it is also over for 
us.. .that we can now let down, 
and relax. 

Nothing could please Japan 
more. Nothing would hew so 
closely to her propaganda line. 

We westerners understand this 
danger perhaps more than others. 
We may remember Pearl Harbor 
more clearly And Bataan, Guad- 
alcanal. Tarawa . . 

With the war over in Europe,, 
the West will now become the 
great "marshalling yards" for the 
final Big Push against Japan An 
enormous tide of troops and war 
materials undoubtedly will pour 
through to our seaports. Western 
railroads, housing, food supplies 

and shipping will be strained with 
the full weight of the nation's 
fighting effort. 

We say this because- as far as 
the western railroads are con- 
cerned-many civilians may ex- 
pect victory in Europe to mean 
better transportation service here. 
Actually, it may mean less room 
for civilians on the trains. 

When the full tide of war traffic 
comes, we shall call on every re- 
source to handle it. We shall run 
the war trains through. 

First things come first until this 
war is over- and it isn't over yet. 

The friendly Southern Pacific 

of designing the main drive unit, a 10,000 
hp induction motor, which was installed in 
the new Southern California Cooperative 
Wind Tunnel. He is now working on the 
design of the two 25,000 hp units for the 
new tunnel a t  Moffett Field to be com- 
pleted next year. 

BOYNE GRAINGER of the Tidewater 
Associated Oil Company is being trans- 
ferred to Coalinga, Calif., as production 
foreman. 

1939 
LAWRENCE G. BORGESON is the west 

coast supervisor, radar and sonar, for 
R.C.A. Service Company, Inc., San Fran- 
cisco, Calif. 

1940 
J. EWING HITE, Jr., was killed in 

action on Luzon, March 12. He was a 
first lieutenant in the 25th Division, 35th 
Infantry, which landed at  Hawaii in May, 
1942, and was in the Pacific area until the 
time of his death. H e  was killed along 
with two of his enlisted men when three 
Japs ambushed his patrol-the Japs also 
being killed. 

ROBERT W. GRIGG announces the 
birth of a son, Robert George, on May 5. 
His first child, a daughter, is now two 
years of age. Mr. Grigg is a member of 
the technical staff of the Bell Telephone 
Laboratories, New York City. 

HERBERT M. WORCESTER, Jr., and 
Miss Juanita Ritter, of Long Beach, Calif., 
were united in a June wedding in Pasa- 
dena, Calif., where they intend to livft. 

CAPTAIN WALTER R. LARSON (US.  
Air Force) in training at Roswell Field, 
N. Mex., will soon leave for Lincoln, Nebr., 
for a short period, transferring to Tucson, 
Ariz., to finish the course with B 29's. 

1941 
DALE E. TURNER is employed by the 

Superior Oil Company as a geophysicist. 
In  March of this year he was transferred to 
the main geophysical office i n  Bakersfield. 

GEORGE IRVING REIMERS announces 
'the birth of a son, Adrian Joseph, on June ,', 
1L. 

LIEUTENANT (j.g.) JOHN B. HIATT 
is the father of a son, John B., Junior, born 
on May 17. 

ENSIGN JEREMY A. JONES visited his 
family in southern California on a recent 
leave, returning to the Supply Corps, Avia- 
tion Supply Office, Philadelphia, Pa. 

1942 
ROBERT J. CLARK is a designer at 

North American Aviation, Inc., Inglewood, 
Calif. (Correction, April issue E. & S.). 
On December 25, 1944, he was married to 
Miss Joan Elizabeth Shaver, of Pasadena, 
Calif. 

L I E U T E N A N T  E A R L E  A. C A R R ,  
U.S.N.R., is now with the Electronics Field 
Service Group, Naval Research Laboratory, 
Anacostia Station, Washington, D. C., hav- 
ing been transferred from Boston, Mass. 

ft 1944 
ENSIGN RONALD STAFFORD JOHN- 

SON, U.S.N.R., and Miss Roberta 0. 
Lamon were united in marriage on March 
10 at Cambridge, Mass. 

1945 
ENSIGN RICHARD A. JASPER (Sea- 

bees) and Miss Betty Ann Junker, of Pasa- 
dena, Calif., were united in marriage at 
Providence, R. I., following the bride- 
groom's commi~sioniii~ at  Camp Endicott. 
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To think ahead, to design ahead, to anticipate the need 
for change has ever been a driving force a t  North Amer- 
ican Aviation. I t  has never been the policy a t  North 
American to "freeze" design. In fact, the policy has been 
just the opposite, for the entire creative engineering and 
design staff a t  North American believes to a man that 
when you're through making changes, you're through. 

Â ¥ N O R T  AMERICAN ENGINEERS BUILD FOR THE FUTURE-Par- 
ticipation in the Cooperative Wind Tunnel ... maintaining 
a fine wind tunnel a t  the plant.. . the recent installation 
of an advanced type pressure chamber.. .extensive labora- 
tory research facilities-many such "tools" of aeronautics 
are utilized to good advantage by North American en- 

gineers. Primarily, of course, it is the men themselves, 
the alert, progressive group of planners for aviation's fu- 
ture, who stand out a t  North American with a deserved 
reputation for excellence. 

North American Aviation 
Sets the Pace 

PLANES THAT MAKE HEADLINES.. . the P-51 Mustang fighter (A-36 
fighter-bomber), the B-25 and PBJ Mitchell bomber, the AT-6 
and SNJ Texan combat trainer. North American Aviation, Inc. 
MEMBER, A I R C R A F T  WAR P R O D U C T I O N  COUNCIL, INC. 



A great engineering feat, the Cooperative Wind 
Tunnel at Caltech, is also a marvel of icienrific ac- 

curacy. For in the control room of the huge testing 
machine the most delicak reaction8 of the plane, 
under all aerodynamic conditions, are measured 
and recorded with utmost mathematical precision. 

.Air pressure is controlled from one fourth to four 
nospheres. Air speed may be increased to more 

7 700 miles an hour-all at will of the operator. 

, 
The vast network of electrical 

piup -d circuits necessary for such op- 
-B hÃ‘nSn - erations are made and broken 
limn, however,suchas thisBpcculCumoa 
Pfaxmediacoauccaoiiwitha~oitaUe 
&d d recording unit. - 

C A N N O N  
E L E C T R I C  

through Cannon Plugs and Receptacles. More than 
a thousand Cannon Connectors are employed.Their 
use makes possible the quick and easy interchange . . 
of equipment-ehmmm the duplication of d y  ' 

instruments~increases the accuracy of records taken. 
Cannon Connectors, recognized for the precision 

of their design and construction, may serve well in 
the electric circuits of the instruments you use or 
the producti you manufacture. Write for a Cannon J 

Condensed Catalog. Address Department A-303, . 
Cannon Electric Development Co., 3209 Humboldt : 
Street, las Angeles 31, California. ' 
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