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ELEMENTARY PHYSICS APPLIED TO AUTOMOBILE 
FUEL ECONOMY 

Franklin D. Trumpy 
Des Moines Area Community College 
Math-Science Department 
Ankeny, Iowa 50021 

Introduction 

Science educators, especially physics teachers, are frequently con
fronted with stories about devices and carburetors that permit ordinary 
cars to get spectacular fuel economy. The claims often exceed 46 kilo
meters per liter ( llOmpg). By applying basic physics as taught at the 
high school or college freshman level, one can measure the average 
power output of an automobile at any speed and calculate the maximum 
possible fuel economy that can be expected. 

Power Measurement 

An automobile's average power output to overcome wind and rolling 
friction at any speed can be measured with a stopwatch and the automo
bile's speedometer. The automobile is driven on a level roadway at a 
speed V 0 . The car is shifted into neutral and allowed to coast to the final 
speed V f. A stopwatch measures the time for this change in speed. This 
is then repeated on the same road in the opposite direction and the times 
are averaged to account for prev~iling winds. Let the average time bet 
and the total mass of the automobile be m. 

The power can be calculated from the time rate of change of the 
automobile's kinetic energy (KE) as it slows over the coasting interval. 

p =-d(KE) (Eqn. 1) 
dt 

An average power is obtained by assuming that the power varies 
linearly with speed over the coasting interval. This assumption repre
sents an approximation and its effect on the result will be discussed 
later. 

Let, 
p average power required to overcome wind and rolling 

friction (watts) 
p = _ LlKE _ (½ mv/ - ½ m V~ 

-t-
t 

p m 
2t 

(Eqn. 2) 
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Example 

A 1973 Volkswagen Sedan (Type I) was allowed to coast from 97 km/h 
(60 mph) to 81 km/h (50 mph) and the average coasting time, t, was 
measured to be 12. 4 seconds. According to the license registration form, 
the vehicle had a mass of910 kilograms plus an additional 340 kilograms 
for four adult passengers to make a total mass of 1250 kilograms. 

The average power developed to overcome rolling and wind friction is 
given by Eqn. 2. 

p = 

-

p = ____!!! (V • - V: S) 
2t O f 

1250 kg 
2 X 12.4 S 

P = 10.0 kilowatts (14 horsepower) 

Maximum Fuel Economy 

Whenever it is necessary to make assumptions about the processes 
involved, these assumptions will tend to favor higher fuel economy. 
Therefore, the results will indicate the maximum or upper limit to fuel 
economy. 

Let: 
~ = engine efficiency 
V = average speed (kilometers per hour) 
f = fuel economy (kilometers per liter) 
d = energy density of the fuel (joules per liter) 
R = average rate of energy consumption (watts) 

then, -
R V . d X (_l_ h/s) (Eqn. 3) 

f 3600 
put, 

P=eR (Eqn. 4) 
or, -p = e_Vd X (_l_ his) 

f 3600 

therefore, 
f e 4- . d x (_ 1_ h/s) 

P 3600 
(Eqn. 5) 

Discussion 

Equation 5 can serve many purposes in the classroom. For example, 
one can discuss the way in which fuel economy depends upon power and 
efficiency. This leads nicely into a discussion of aerodynamic design and 
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its effect on power requirements. As the students tackle the problem of 
increasing the efficiency, they quickly discover and appreciate the 
limitations of the heat engine. Often times, an alert student will notice 
that the fuel economy appears to be directly proportional to the speed. 
Down with the 55 mph speed limit! Having allowed this blunder to 
occur, one can slip neatly into a discussion of how the power varies with 
the speed. As mentioned earlier, this method of averaging power as
sumes that the power varies linearly with speed over the coasting 
interval. The power actually varies as vn (n > 1) so that the power 
output above the average contributes more than the power output 
below the average. Therefore, power is underestimated and fuel econ
omy is overestimated. An interesting experiment that can be easily 
conducted is to apply equation 2 at a number of different speeds. A plot 
of power versus speed on log-log graph paper yieldsn, the exponent on 
V. Once n is established, a meaningful discussion of the relationship 
between fuel consumption and vehicle speed is possible. 

Equation 5 may also be used to estimate engine efficiency if the power 
and fuel economy have been measured. Interesting experiments can be 
designed to compare various types of automobile engines. Finally, 
perhaps a word of caution is in order. The power measurement, as 
described here, cannot be legally performed on a public road in Iowa. Of 
course it is illegal to drive 97 kilometers per hour and it is also illegal to 
coast in neutral gear. The prudent experimenter should consider lower 
speeds and/or private roadways. 

Example 

Consider the Volkswagen Sedan for which the power output has 
been measured. This represents a fairly typical four passenger vehi
cle and requires 10.0 kilowatts (14 hp) at an average speed of 89 
kilometers per hour (55 mph). 

Heat of combustion for gasoline = 4. 77 x 107 ~ (1) 

d = 4.77 x 107 ~ x 677kg x 103 m3 

kg m3 l 

d = 3.22 X 1014 
It is assumed that the efficiency of the engine is equal to the effi

ciency of a Carnot engine. This represents the efficiency of an en
gine composed of reversible processes. A real engine contains 
irreversible processes and its efficiency would approach the Carnot 
efficiency only to the extent that irreversible processes could be re
placed by reversible ones. Moreover, power losses in the transmis
sion and the additional power required to operate the generator, oil 
pump, fuel pump and cooling system are neglected. Therefore, the 
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Carnot efficiency is certain to overestimate the automobile's overall 
efficiency. 

therefore, 

(Eqn. 6) 

Now TH= 2750K while TL = 1150 K. (2) 

e = 1 - 1150K 
2750K 

e = .58 

In equation 6, the high temperature, TH is the peak combustion 
chamber temperature and TL represents the exhaust valve tempera
ture. A theoretical efficiency calculation based on the Otto cycle3 

using the compression ratio of the 1600 cubic centimeter VW engine 
(7. 7:1) agrees well with the efficiency used here. 
so, 

f = .58 x 89 km/h x 3.22 x 107 ~ x ( _ l_ h/s) 
1.0 x lO'w l 3600 

[ f = 46 km/l I ( 110 mi/gal) 

Conclusion 

A small automobile requiring 10.0 kilowatts (14 hp) at 89 kilometers 
per hour (55 mph) under ideal conditions could not be expected to 
achieve a fuel economy greater than 46 kilometers per liter (110 mi/gal). 
It should be noted that in at least three ways the calculation overesti
mates fuel economy. First of all, the Carnot efficiency is much higher 
than any real heat engine's efficiency. Secondly, the calculation ignores 
the engine's ancillary power requirements. And thirdly, the method of 
averaging power used here underestimates the power required to over
come wind and rolling friction. Indeed because of the generous assump
tions made in the calculation, we would expect the fuel economy of an 
ordinary automobile powered by a real, gasoline heat engine to be 
substantially less than 46 kilometers per liter. Thus, one must view any 
device or scheme purporting to deliver fuel economy in an ordinary 
automobile anywhere near 46 kilometers per liter (1~0 mi/gal) with 
extreme skepticism. 
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*** 
Your Help Needed 

The Thomas Alva Edison Foundation is undertaking a project to 
produce, on videotape, a number of outstanding science lectures that 
can be made available on a loan or purchase basis to junior and senior 
high school science teachers across the nation. 

Many times during the science teacher institutes and science educa
tion conferences this organization sponsors, the teachers in attendance 
have requested videotapes of the lectures. We have never found it 
possible to make tapes during the conferences, for to do so would detract 
from the quality of the presentation for those teachers in attendance. 
We have decided, however, to utilize the expertise and gift of communi
cation that many of the speakers who take part in these conferences 
offer and make these lectures available. We are working with Montana 
State University to produce a number of special lecture presentations 
which will be taped in their Science-Math Resource Center over the 
next few months. 

We need your assistance in advising us as to the media form in which 
we would provide the lectures so as to be of the greatest value to you. 
Please complete the very simple questionaire below and make the 
investment to send it to the Thomas Alva Edison Foundation, Cam
bridge Office Plaza, Suite 141, 18280 West Ten Mile Road, Southfield, 
Michigan 48075. 

Questionaire 

Would video tape or 16mm motion picture film be more useful? 

___ video _ __ 16 mm 

If tape, would you prefer cassettes available in¾ or½ inch? 

_ __ ¾" _ __ ½" 

*** 
Middle/Jr. High Science Bulletin 

Keep a sharp lookout for the NSTAMiddle /Jr. High Science Bulletin 
funded by the National Science Foundation. This tabloid contains 20 
pages full of information and ideas of interest, most of which will not be 
found in other journals. 
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