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There are various opinions held as to the value of stream- 
lining automobile bodies ior reduction in power oonsumption. 
Numerous experiments and wind tunnel tests have been made on 
models In the past f e years predicting substantial savings In 
power. Thee is however, a scarcity of evidence correlating 
wind tunnel measurements with actual road conditions. The pur- 
pose of this thesis was to verify wind. tunnel predictions both 
qualitatively and quantitatively. 

The power requirements or a number of automobiles were 
measured by a deceleration method of road testing, and their 
wind resistance analysed mathematically. 1hen coipared with 
previously conducted wind tunnel tests the results obtained 
were found to be in close agreenent. Approximately forty per 
cent Increases In gasoline niileage over the entire speed range 
are indicated with further increases possible with the adop- 
tion of the rear-engined design. 

Smoke Tunnel tests on scale niodels of a conventional car 
and the posible ultimate In the streamlined front-engined and 
rear-engined cars, show qualitatiely why this s ving is effec- 
ted. 

The conclusion was reached that streamlining was practi- 
cal and desirable under present day driving conditions. 
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TII EFFECT OF àUTOMOBILE BODY DESIGN 

ON HORSEPO''îER CONSUMPTION 

I. IITRODTJCTION 

The styling of the automobile, in Its comparatively 

short history, has been changing rapid.ly. Up to now, this 
evolution has been largely due to the designing artists' 
change of taste, the public fancy, and the need for greater 
stability in the vehicle with advancing speeds an better 
roads. The change has been from the twelve-mile-an-hour 
horseless carriage to the present day automobile capable o± 

speed.s up to 90 miles per hour and above. In spite o± this 
refinement there have been no appreciable changes in the 
placement of the essential parts, mainly because manufac- 

turers have seen no need. for any radical departures from 

cnventional design. Advancement in design has been a 

process of furnishing more powerful, economical and. de- 

pendable motors; providing roomier bodies, easier riding 
chassis, and more luxurious arid appealing appointments 

without offering anything to the public that might be 

looked on as "too radical" or "unproven". 

.ut the refinement of the homeless carriage has 

reached a peak. Today the automobile is seldom driven at a 

speed which is within the range of reasonaole economy. A 

very large percentage of the power required is used to over- 



come atmospheric resistance. It is not at all unreasonable 

to believe that body design can be modified in such a way 

as to effect a considerable saving in power at the conven- 

tional speeds of the present. The obvious solution is 

stre amlining. 

Streamlining of the automobile was first given serious 

thought by airplane designers. Exhaustive and numberless 

tests conducted by them pointed the way to the reduction of 

the "parasitic drag" of the airplane fuselage. The resist- 

ance of the atmosphere to the automobile can and. has been 

definitely shown to be analogous. 

The purpose o± this thesis is to give consideration to 

tie desirability of automobile streamlining from the stand- 

points of comfort, safety, beaut, of design and economy. 

The first step is to outline the general design of a stream- 

lined. car. 

GENERAL DESIGN 

The first consideration would. naturally be to stream- 

line the conventional motor car. Professor Lacy's experl- 

merits indicate that by eliminating excrescences and. 

irregularities and providing a long tapered tail, an 

approximate reduction of 60 per cent ir air resistance can 

be effected. The body length of his best aerodynamic model 

was about 2.6 times the wheelbase. His compromise model 

with length ratio of 1.75 effected about a 50 per cent 
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reduction. When compared to present motor oars with a ratio 

of 1.63 on t'ne average, the length of' the streamlined model 

would certainly lead to difficulties of driving, parking, 

and housing. So, although good aerodynamic properties can 

be built into current models, it would seem advisable to 

rearrange the placement of motor and passenger space so that 

the body contours may approach the "teardrop", providing 

ample room for passengers and yet remain within a practical 

length. The rear-engined car is strongly recommended as 

the solution by Sir Dennistoun Burney (3)*, E. G. Ried (2), 

O. G. Tietjens (4), and. others. 

o OMPORT 

lthoug'n there may be some who would dispute the state- 

ment, the author feels justified in assuming that the riding 

quality of the type of car under discussion could at least 

be made equal that of the present day car. Properly 

MOOEL C 1933 Suic 

Figure 1 
* 

Numbers in ( ) refer to bibliography. 
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designed springing, a good example of which exists in the 

"Scarab", should accomplish this and more. The Scarab also 

amply illustrates the spacious passenger compartment end 

smooth riding that can be built into a rear-engined design. 

Better and more uniform riding qualities are indicated from 

the pos3ibility of placing the variable load closer to the 

centre of gravity. Figure 1 illustrates the satisfaction of 

passenger-space requirements. The profile of the passenger 

compartment of a 1933 Buick, 12? inch wheelbase, is super- 

imposed on the profile of Model C which has a wheelbase of 

125 inches. dditional comfort is realized in the elimina- 

tion of engine noises and fumes and the reduction of wind. 

noise which is sure to accompany the smoothing of the 

exterior. 

SAFETY 

The safety of the motor car depends on its road. 

stability, ease of handling and what might happen in the 

case of a crash. 

Moodie () states that the conventional car will aw 

into the wind, but that a rear-engined streamlined car, 

having its centre of gravity well back and its centre of 

pressure forward, will yaw away from the wind. This, of 

course, means instability on the road. However, the state- 

mett is by no means proven, and Ried (2) claims that if the 

transverse contours are well rounded that the effect of 



cross-winds will ce negligible. Tests are to 0e made at 
Stanford. University in this respect. 

The use of a frameless body as developed by "Cord" 

engineers and further lowering of the body by the absence of 

the driving mechanism under the floor, will effect a much 

lower centre of gravity and produce greater stability and 

handling quality. 
In the event of an accident there is some possible 

concern fDr the motor beLng located in the rear. The front 
passengers are deprived of the protection of the motor as a 

"bumper". There is also some danger that the inertia of 
the rear-located. motor may tear it from its mountings and. 

drive it into the passenger compartment. These dangers were 

suggested by Moodie (5) and in the author's opinion are not 
as significant as suggested. n analysis of almost any 

accident will show that the victims suffered more injuries 
from their being thrown against the interior than from 

actual crashing of the car. 
The safety features of a streanlined rear-eíigined car 

do not seem to present a problem so serious that intelligent 
design will not satisfy all conditions. 
ECO OMY 

The study of the economy of streamlining presents many 

problems and. is the main intention o± this thesis. The 

procedure followed was to take available data as presented 
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by various authors and. attempt to verify that data by road 

tests made on various types of automobiles, and. finally, to 

illustrate the effect of proper design by means of a smoke 

tunnel. 

Section II contains a presentation of the experimental 

results as taken from the bibliography. Section III con- 

sists of experimental work done and. a discussion as to 

whether or not it bears out previous investigations. 



II. PREVIOUS INVESTIATIOiT 

GENERAL DATA 

7 

It may be well to begin with some general observations 

as set forth by Sir Dennistoun Burney in reference . His 

work was a result of many years of study and experimentation 

as a British Naval Officer. The experiments conducted led 

to the construction of the airship R-100, which is some 

indication of his value as a quotable authority. Further, 

he has desjed and built nine stream-lined automobiles in 

support of his beliefs and with them has shown quite con- 

clusively, among other things, that-- 

while, "one could neither read, write, nor have 

meals in comfort when traveling at 50 miles per 

hour, or so" in the orthodox car, "not only is 

it theoretically sound, but in practise one can 

read, write, and pour out drinks while traveling 

at 80 miles per hour". 

In the Jaray ear, which was a conventional front- 

engined model with a built-on stre&nlined body, the 

fuel consumption was reduced from 13.8 miles per 

gallon to 22.5 miles per gallon at an average speed 

of 32 miles per hour. 

"If A and B are the distances of center of 

percussion and center of rotation, respectively, 
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from the center of gravity and. K is the radius of 

gyration", then by making the weight distribution 

such that 

AB 

the pitching can be almost entirely eliminated in 

a streamlined rear-engined car regardless of good. 

or bad springing. This weight distribution also 

overcomes to a marked degree the effect of yawing 

and. skidding on corners. The above condition is 

satisfied largely by placing the engine before the 

rear axle. 

"Wind noise is almost eliminated, so that it 

is little if any greater at 80 miles per hoar 

than at 40 miles per hour." 

"Actual road-wheel horserower consumed in air 

resistance was 40 h.p. for the Burney Streamline, 

as compared with 78.5 h.p. for a close-coupled 

salon car at a road. speed of 77.5 m.p.h." 

The total of 3urney's paper dealt mainly with the prao- 

tical aspects of the design as regards placement of the 

motor, radiator, spare tires, headlights, etcetera to 

satisfy the conditions of stability. For the purpose of 

comparison with the experimental data obtained for this 

thesis, laboratory results of a more definite nature follow. 



2REVIOUS DRAG IIEA3UREMENTS 

The results as set forth in this section were obtained 

at the uggenheim aeronautic Laboratory at Stanford Urtiver- 

sity (2). 7.5 foot wind, tunnel was used. to test one- 

fifth scale models. The first model made was patterned. 

after the basic hull forn of the U. S. Navy C-class aIrship 

which is known to have very small resistance. The front 

Wheels were pocketed in the body and the rear wheels were 

enclosed. within streamlined fairings which conformed to 

present day aircraft practise. In the second model the tail 

was broadened to enclose the rear wheels on a 56-inch tread. 

The third. model had a narrower tail enclosing the rear 

wheels on a 36-inch tread.. The final model was a refinement 

of the second. 

Tests on the first model showed the bare body to 

account for 38.2 per cent of the total drag, addition of 

front wheels and pockets at 34.7 per cent and the rear 

wheels, axles and fairings at 26 per cent. For the sake of 

appearance and additional space it was decided to broaden 

the tail and enclose the rear wheels. In the second model 

the bare body resistance was increased. so much that even 

with 13 per cent gained in enclosing the rear wheels, the 

total measured drag was increased 20 per cent. The third 

;nodel with the narrow tread. gave results o± total drag 
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almost identical to the first. F.jrther studi of this model 

was not undertaken because of its impractical design. The 

final compromise model which used the practical features of 

the second gave drag measurements of 11 per cent more than 

the first. 

'or purposes of comparison with other models the 

product of the frontal area and dynamic presure was used. as 

a basis. The measured. drag would be some fraction of this 

amount as determined by the air resistance coefficient 

(i) 

Where drag coefficient 

D resistance or drag, lb. 

S = frontal area, sq. ft. 

2 
q = dynamic pressure, _ì_, lb. per sq. ft. 

2 
p mass density of air, slugs per cu. ft. 

V velocity, ft. per sec. 

This, o± course, is only part of the resistance of a 

traveling automobile. The rest has been most generally 

defined as rolling or frictional resistance due to friction 

and inertia of revolving parts. Ried (2) chose to ue the 

average of Lockwood's chassis-.dynamometer test-results (6) 

which is-- 

Dr (ll.ò + O.O8à7V) --------- () 
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where Dr = rolling resistance, lb. 

Vi = weight, lb. 

V velocity, m.p.h. 

The absolute and unattainable limit of aerodynamic 

refinement would be the entire elimination of air resist- 

ance. The only power requirement would oe that necessary 

to overcome rolling resistance, Dr 

In the comparison to follow the curve given by Tietjens 

(4) for an orthodox sedan having a weight of 4000 lb., a 

of 0.706 and a frontal area of 28 square feet was used as 

loo per cent resistance over the speed range. Dr was then 

plotted as a percentage of the total resistance. 

y test for iied.'s compromise model was 0.15. 

Assuming its weight to be 4000 lb. and using the measured 

frontal area of 22 square feet, the horsepower requirements, 

by applying the proper constants, were calculated from 

equation (i) and plotted as a percentage of the power re- 

quired for the conventional car. Lay's front-egirïe corn- 

promise model having a 0d of 0.314 and. a frontal area of 

30 square feet was similarly treated. ?igure 2 definitely 

shows the relationship as established by Ried. 

Section III establishes the degree of verification for 

these curves obtained in the experiments at Oregon State 

College. 
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III. ROAD TEST ANALYSIS 

ROAD TEST PROCEBUR 

A suitable means of determining the horsepower require- 

mente as a function of the speed and the subsequent segre- 

gation into windage and friction components is necessary for 

a simple and inexpensive road. test. Such a method was 

developed at Oregon State College by E. C. Starr and. W. H. 

Paul and was used in the tests made. A brief description 

of the procedure and mathematical analysis follows. 

The speedometer is first calibrated by running the car 

at constant speed over a ìmown distance on a tangent section 

of level hard-surfaced highway and. timing with a split 

second stop watch. Caltbrati3n points are tacen over the 

speed range at 10-mile intervals. 

econd1y, retardation points at 10-mile intervals are 

taken over the speed range. Several methods for doing this 

are outlined in the above mentioned. paper. The simplest 

way was adopted., and consists of tacing the time for the car 

to decelerate over 10-mile-an-hour increments with a stop 

watch. Readings are taken in both directions in close 

sequence over the same road to compensate for slight grades 

and winds. 'rom the data the deceleration at the mean 

velocity of each test increment can be found. from 

V1 - V2 d ft. per seo. per sec. -- (i) 
Deceleration time 
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The total force of retardation can then be found from 

Fr M0a. pounds ---------------------- (2) 

where Me is the effective mass of the vehicles in slugs. 

It is obtained by multiplying the total mass of the vehicle 

by the ratio of the total vehicle kinetic energy to the 

energy of translation alone. The total energy consists of 

the energy of translation plus the energy of the rotating 

masses. The latter is obtained. from 

Erotation X 4 ft. lbs. ---------- (3) 

where I is the moment of inertia of one wheel about its 

centre of rotation and n is 2 times the revolutions per 

second. 

It may be well to mention here that the rolling radius 

varies with tire inflation, changing n in equation (3) and 

consequently changing the energy of rotation. If the tire 

pressure is kept at a pre-determined. value, the energy of 

rotation as determined by (3) will not vary enough for 

similar ee1s and tires to make any appreciable differ- 

ence in the above mentioned ratio. The limits of accuracy 

of the road tests made were far enough apart to allow the 

adoption of 1.045 for the ratio. 

Since retarding force Fr is equal to the sum of the 

force due to friction P arid the force clue to windage P, 

r f :F = Pf + W& --------------- k) 

whers W is a wiridage coefficient and S is the speed. in 'nues 



per hour. The power equation, using the proper conversion 

factors, becomes 

Hp. = 2.67 x lO (Ff5 + ---------------- (5) 

Equation (5) mai be written as 

Ep.àS+BS ---------------------- (6) 

Then, from least square reduction, 

AS + BS - Hp. 

(AS + B53 - Hp.)2 =LS' Minimum 

+ 
353 

- Hp.)S = O 

+ BS4 Hp.S ---------------------- (7) 

d.S2 Z(LS + BS - Hp.)S O 
dB 

AS4 + .S6 2Hp.S3 ---------------------- (E) 

Equations (7) and (b) may be solved for A and B from 

the retardation data. Substituting in (o) will give the 

values of the rolling friction and windage horsepowers. 

ROA.D TEST RESULTS AID DISCUSSION 

Table V in the appendix gives a summari of the friction 

and windage norsepowers as obtained by a mathematical 

analysis of road test data. Tables I to IV, inclusive, show 

a complete set of road test data nd analysis for a l93 

Ford V-8 sedan. Test results for (4), (6) and. (7) in 

Table V .vere taken from reference .3even. 

Figure 3 shows representative windage horsepower curves 

taken from Table V. The change from the "1929 conventional" 
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cu-rye to the t?1936 conventional" curve marks the chango to 

the slanted windshield, rounding of the bac.: corners and 

smoothing of the exterior in general. The curves for the 

1933 models are very similar to those for the 1936 conven- 

tional, varying only by small amounts as an examination of 

Table V will show. The change in design from 1933 to the 

present has had little other advantage than "eye appeal". 

This is obviously not true of the Lincoln Zephyr. A glance 

at Figure 3 strongly indicates that the streamlining of 

this automobile is valuable economically as well as for 

appearance. 

Turning to consider the friction or rolling resistance, 

Figure 4 illustrates the various values obtained by the road 

tests. The broken line is the calculated value as used by 

Ried, Which varies considerably from the curve A 0.117 

which is an average for the conventional cars. It must be 

Kept in mind that, in the mathematical analysis used, tì:e 

frictional resistance was assumed to vary as the first 

power of the speed, whereas Lockwood's formula indicates 

that it varies as some slightly higher power. The number 

of variables that enter into the equation make it difficult 

to determine the exact value, and. would complicate the 

mathematics to such a degree as to -render them too cumber- 

some for general use. Lockwood's formula is an average of 

a number of laboratory tests, and as such does not noces- 
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sarily give an accurate indication of road conditions. An 

examination of columns (ô) and (7) in Table V will show 

that there is an appreciable difference in total horsepower 

required for the same car under the same conditions with a 

change in tire inflation. It is hardly conceivable that 

2 

a 
w21 

o 
a1 
w 
(I) 

a 
QIC 

I 

) FRICTION 
HOIRSEPOWER . 

ZO 40 60 80 )OO 

SPEED N'1.2H. 

Figure 4 

this difference is due to a change in the aerodynamic 

properties of the car, and because of this the author feels 

that Lockwood's formula is not to be considered as par- 

ticularl accurate as a basis of comparison 0±' the power 

requirements of an automobile. This conclusion does not 

mean that an intelligent comparison between wind tunnel 

tests and. actual operating conditions cannot be drawn. 
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Referring to Pigure 2, page 12, the power requirements of 

a oonventional oar used by Hied. as 100 per cent are very 

closely comparable to the "conventional cart! tests conducted 

for this thesis and also to those conducted by E. C. Starr 

and W. H. paul. Plotting the total power requirement of 

the Lincoln Zephyr as a percentage of the total power re- 

quirement of the 1933 Ford, it was found that the points 

fell almost exactly on the curve for Lay's streamlined 

model. This fact cannot be overlooked. These wind tunnel 

tests made previous to 1933 gave results that today are 

duplicated in actual practise almost exactly. 

Figure 5 is a reproduction of Ried's comparison of 

w,1 

w 
ç,) 

o 

5PEED M.12H. 

Figure 5 
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horsepowers with the points for the Lincoln Zephyr added. 

The broken line curves indicate the limits of variation for 

conventional cars tested at Oregon State College. 

ANOTHER BASIS OF C0IARISO1 

The Glirnore Oil Couipany recently sponsored. a fuel 

economy test which was sanctioned and supervised by the 

Contest .oard of the American Automobile Association. The 

"ilmore Yosemite Economy Run of 1936 Autinobiles" took 

place on January 6, 1936, and, because of the large variety 

of automobiles entered in the test, the ttfuel consumption 

oer ton-mile" was used as a basis of comparison. This is 

directly related to the horsepower-hour-per-ton-mile output. 

Suppose for example the 1933 model ?ord Sedan (Table.V, 

column 4) and. apply the streamlining of the Lincoln ¿ephyr 

to it wjthout changing the weight. Then anity minus the 

ratio of the horsepower-hours per ton-mile will indicate 

the percentage increase in gasoline mileage over the speed 

range, assuming that the efficiency of the motor is not 

changed. Figure 6, page 2].., is the plotted, resait and 

shows that at the present day speeds of 40 to 80 mLles per 

hour an increase of from 39 to 40 per cent In gasoline 

mileage could be obtained. This could be approximately 

doubled by the use of Rued's streamlined model. 
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IV. QUÁLITATIVE ANLYSIS 

THE SMOKE TLNEL 

The smoke tunnel method. of illustrating and studying 

the causes of aerodynamic imperfections has been used. for 

some time. Having a small 6 inch tunnel available, it was 

considered worth wnile to make several scale mod.els re- 

presenting the general classes of design and to attempt to 

show graphically the soundness of the design. 

Figure 7 is a photograph of the smoke tunnel. Because 

Figure 7 

of its small size, considerable difficulty was experienced 

from turbulence created by the walls and particularly by 
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the swirling motion of the air iii entering the tunnel. 

Straightening vanes were applied which red.uced the turbu- 

lence sufficiently to secure indicative results. Further 

difficulties were encountered. due to the impurity of the 

titanium tetrachlorid.e used to produce the smoke. Forma- 

tion of oxides caused clogging of the apparatus making it 

impossible to keep the conditions constant for a long enough 

time to photograph the phenomenon successfully. 

Figure b, page 24, is a photograph of the three models 

made to a scale of one thirty-second of full size. From 

left to right thei are respectively, B, O, and .. iiodel A. 

is a l36 Ford V-8 Sedan. Model B is comparable to Lay's 

front engine streanlined car while model C is a scale du- 

plicate of Ried's compromise design. 
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Figure 9 consists of photographs which will in some 

measur- illustrate the use of the smoke tunnel. 

Lodel B 

Fiu.re 9 

iiod.e1 C 

smoke stream apDroximately 3/16 of an inch in 

diameter was directed at variDus parts of each model and 

the regions oÍ' turbulence noted and sketched. Figures 10, 

11, and 12 show the observed results. 

ÀERODYNMICS 0F THE CONVENTIONAL OAR 

Ideal streamlining in a body represents such a form 

that, when the body passes through a fluid. such as water or 

air, there will be a smooth flow of the fluid around the 

body. Irregularities produce turbulence caused by the 

rushing of fluid into a zone of decreased pressure. This 

partial vacuum is known as a drag effect. en a thin 

pencil of smoke is introduced into a smooth flowing wind 

stream, it will continue in the original form until it 
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strikes a turbulent area when the smoke thread. will curl 

and. diffuse. If a perfeotly streamlixied. body were in the 

-4-. 

;'-':: - d- . NIIJ I -- 
? 

- , -e.--- -- 

0 

Figure 10 

wind stream the smoke thread would. follow its contours with- 

out breaking up. 

figure 10 shows the turbulent zones caused by Model . 

Ihe comparatively flat front, the headlamps, fenders, wheels 

and side windows all break up the smoke stream to say 
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nothing of the very large turbulent zone at the back. There 

is obviously a large drag on this model. 

THE CONVEITIONAL CAR STREAi&ILINED 

Figure 11 gives the observed results for Model 

4 - 

MODEL 

Figure 11 

which is an approximation o± the limit of practical stream- 

lining for the conventional car as suggested by Lay and 

evidenced in the Lincoln Zephyr. Comparing it to iigure 10 

it Is obvious at once that turbulence is reduced consider- 



ably by the large sweep back of the body. The smoothing 

of the exterior and. elimination of the headlamps provides 

a further reduction. The fenders and the flat radiator 

still cause as much turbulence as in Model and owill 

conclude that a better design can be found. 

THE ULTIWTE IN PRACTICLL STREAILININ 

It was mentioned before 

duplicate of Riedts proposed 

practical streamlining. The 

car, shown in Figure 5, indi' 

should show a smaller amount 

ventional models. 

Figure 12 shows a close 

that Model C was a scale 

design for the ultimate in 

required horsepower for this 

ates that smoke tunnel tests 

of turbulence than for con- 

approximation of what was 

observed. The turbulence at the rear was not entirely 

eliminated, but the difference in the slope of the body 

maces quite a difference as can be seen by a comparison 

with Figure 11. 

Another notaale feature is the reduction of turûulence 

at the front. This can be seen, as well, from the photo- 

graphs in Figure 9. The two models were under identical 

conditions here with the smoke stream injected at the same 

height and distance from the model. It will be noted that 

the smoke stream impinges on model B at this height while 

the absence o± the radiator on model C allows the corn- 

paratively smooth flowing lower layer of air to raise the 
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smoke stream over with no appreciable diffusion until the 

turbulence at the tail is encountered. 

MODEL C 

.igure ii 
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V. CONCLUSIONS 

The conclusions reached as a result of the tests 

conducted herein, are as follows-- 

1. Streamlining is ooth practical and desirable in 

present day automobile body design. 

2. The predictions made by Ried (2) as to the possibU.- 

ity of greater economy through streamlining are ossentially 

correct. 

3. Increases of from 39 to 40 per cent in gasoline 

mileage can be realized through streamlining alone at speeds 

of 40 to O miles per hour. 

4. Less powerful and lighter engines can be used 

giving further economy through reduction in weight and also 

a simplification of the problem of weight distribution. 

5. Lighter wheels would reduce rolling friction arid 

also the unsprung weight thereb, effecting economy and 

better riding qualities at the same time. 

. Comfort to passengers, safety and appearance will 

oe increased wit: streamlining providing intelligent and 

tasteful design is used. 

7. Vind tuimel drag measurements, smoke tunnel tests 

and road tests can be used successfully to predict the 

economy of a design before the car is built and as a veri- 

fication after construction has been completed. 



APPENDIX 

Tables and Sample Calculations 

of Road. Test Data 



R0.D TEST DATA AND ANALYSIS 

Car Ford. V-b sedan Model 1933 
Spare wheel on side and trunk 
at back 

Road Bjtuijnous surface 
Weather Slight showers, temp. 54 F. 
Car Weight (a) Empty, 2910 lb. 

(b) With four passengers, 3600 lb. 
Tires Firestone "Oldfield", new; 

size 17x5.50; inflated to 35 lo. 
per sq. in. 

Vhee1s Standard type, wire 

TABLE 

Speedometer Calibration 

Observed Speed Time for ¿.ctual 
Miles per Hour i L.i.. Sec. Speed 

o 
w 60 

V) 

J-40 

2O 

20 16b.0 21.4 
ll.0 31.9 

40 55.5 42.0 
50 69.6 51.6 
60 56.0 62.0 

40 60 
It'4DICATED SPEED 

Speedometer Calibration Carve 

31 
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TABLE II 

Retardation Data 

Speed True Mean Mean True Decel. Decel. 
Range Velocity Decel. Decel. Force Up. 

Mi./Ur. Li,/Hr. 
Times See. Ft./Sec.' lo. _____ 

20-10 io.o 34.2 O.4z5 53.2 2.2? 
30-20 26.6 23.8 0.648 75.6 4.60 
40-30 36.9 lb.0 0.822 95.3 
ôO-40 47.0 12.2 1.154 134.7 16.90 
60-50 57.0 9.5 1.610 186.0 26.60 
70-60 ou.5 7.25 2.05 236.0 41.90 

SìiPL CALCULATIONS POR TJLSLE II 

V1-V2 
21.4-10.8 - d 

- Time - 34.2 
- 0.310 Mi. per hr. per sec. 

0.310 X o2bO 
= 0.455 Ft. per sec.2 3600 

1.045 x 3600 x 0.455 32 lb. F=Med= -o 
32.2 

53.2 i 16.0 X 5260 lip. --- 
550 X 3600 2.275 
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TABLE III 

Ana1'sjs of Retardation Power Curve 

s P 
2 4 6 

PS3 

_____ (x io2 (x io4) (x io) (x 
10b) 

(x 102) ( io) 

16.0 2.27 2.56 3.41 0.65 0.17 0.36 0.093 
2o.o 4.60 7.07 1.bb 5.00 3.53 1.2 0.865 
36.9 b.10 13.62 5.02 16.49 2.20 iz.9J 4.070 
47.0 1.90 2.09 10.38 45.84 108.10 7.93 17.540 
37.0 2b.oO 32.49 lb.52 105.o2 342.25 1b.0 52.950 
o6. 41.90 44.22 9.41 195.36 b64.36 27.90 123.400 

122.05 o5.62 373.96 1343.61 56.70 198.91b 

Substitute the above values in equations (7) and (b) 

s2 = 2P5 ----------- (7) 

+ BS° ---------------- () 

A(122 x io) + B(3'74 X io) = 5670 
A(374 X 10°) + B(1344 X 10b) 199 x i0 

374A + 1146.3 x l0 = 174 
374 + 1344B X 10" = 195 

19b x 10 21 

13 1.06 x io- 

A 174 - 121 
.142 

374 

Hp. O.142S + 1.06S x 10 
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TABLE IV 

Calculated. Power Data 

(.y equation of Table III) 

Speed. Horsepower 

.riction Windage Total Measured 

10.0 1.42 0.10 1.52 

lo.0 ¿.7 0.43 ¿.70 

20.0 .64 0.b 

26.6 

30.0 

36.9 

40.0 

47.0 

50.0 

57.0 

60.0 

66.5 

70.0 

bO.0 

90.0 

100.0 

3.78 

4.'J 

5.68 

6.67 

7.10 

b 09 

b.52 

9.43 

9.93 

11.35 

i .77 

14.20 

1.99 

2.So 

'2 D 

6.78 

11.00 

13.25 

19.b5 

22.90 

31.20 

35.30 

54.30 

77.25 

5.77 

7.12 

10.54 

12.46 

17.67 

20.35 

27.74 

31 .42 

40.63 

45.23 

05.05 

90 .02 

120.00 

4.60 

b.10 

16.90 

2b.60 

41.90 
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TABLE 

Road Test Results 

(a) 'riction lip. (b) uixdage Up. 

speed Test thimber 

i./Hr. (1) (2) (3) (4) (5) (6) (7) 

20 (a) 1.90 2.13 2.34 2.35 2.&4 2.20 3.41 
(b) 0.60 0.82 O.bl 0.83 O.35 1.12 1.10 

40 (a) 3.40 4.26 4.68 4.70 5.6E 4.40 o.2b 
(b) 4.bO b.52 6.46 6.o5 e.76 8.96 b.7 

oO (a) .10 6.39 7.02 7.04 .52 o.oO 9.4th 
(b) lb.20 22.10 21.oO 22.45 .2.90 0.20 2.70 

0 (a) o.bO 8.52 9.35 9.39 11.38 8.80 12.5b 
(b) 3b.40 52.20 ol.70 53.20 54.30 71.70 70.20 

100 (a) b.oO 10.70 11.70 11.73 14.20 11.00 15.70 
(b) 75.00 102.00 101.00 104.00 106.00 140.00 137.20 

(i) Lincoln Zephyr, Liodel 1i3ô, 12 cylinder seda 
ôeight complete ---------- 4010 lb. 
Tire iressure ------------ 30 lb. per in.2 
lip. 0.05S + 0.750S3 x 

(2) Ford V-8, Model 1936, Fordor Sedan 

height Complete ---------- 3530 lb. 
Tire Pressure ------------ 35 lb. per in.2 
Hp. 0.1075 + l.02S x l0 
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TABLE V (continued) 

(3) Ford V-8, .odel 1936 Coupe 

eight Complete -------- 3430 lb. 

Tire Pressure ---------- 35 lb. per in.2 

lip. o.1178 + i.ols x io 

(4) Ford. V-8, Model 1933, Fordor Sedan 

height Complete -------- 3035 lb. 

Tire Pressure ---------- 40 lb. per 

lip. = 0.11735 + l.04OS x l0 

(5) Ford V-8, Model 1933, Fardar Sedan 

eight Co!nplete -------- 3600 lb. 

.2 Tire Pressure ---------- 35 lb. pr in. 

Hp. = 0.1425 + l.06S' X lO 

(6) Chrysler, 1929, Líodel 65 Coupe 

ieight Complete -------- 3350 lb. 

Tire Pressure ---------- 40 lb. per in.2 

HP. = 0.1103 + l.400S x i0 

(7) Chrysler, 1929, ivíod.el 65 Coupe 

Veight Complete -------- 3350 lb. 

Tire Pressure ---------- 25 lb. per in.2 

lip. 0.157S 4- l.372S' X icr4 
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