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Car powered by a balloon
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Abstract

T

his article mainly solved the distance traveled by the
car which powered by a spherical balloon, an equation

of relevant parameters to determine the distance was derived.
In experiment part, a toy car is designed. Three variables were
controlled, the radius of the balloon, the radius of the vent and the
angle of the vent inclination. The distance increased exponentially
with the increment of radius. There is a maximum value of distance
when the radius of vent increasing. The distance decreased with the
increment of the angle. The result of the experiment fitted the theory
well.
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A car powered by a balloon is a very attractive problem among
students all around. This kind of problem is also list in IYPT
before. The distance it travels depends on many parameters such as
balloon, gears, wheels and so on. Many people studied the problem
of the inflation, deflation and reinflation of a single balloon[2].The
pressure in the balloon when inflating and deflating[3]. The damage
and the healing of the balloon when inflating and deflating[4]. They
also studied the difference between the spherical and cylindrical
balloon[5]. The elastic instability of balloon is also discussed[6]. But
few of them have analyzed the problem of the car. In order to solve
the problem the car is divided into two parts, one is the power part,
the other is the resistance part. We can find the balloon here is very
important, because the balloon is the only thing that provides power.

Theory for car
The stress exerts on the balloon is defined by(1a), the thickness of
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After getting the recoil force, we can do the force

4.85

the car slightly and recording it by camera. We read the

4.8

position of the car through the video and use Origin

4.75

to fit the quadratic curve (Figure 3). The acceleration

analyze of the car, and get (8) easily. Where θ is the angle

then (2), where r is the radius of the infinitesimal area

between the vent and ground, μ is the friction coefficient

Times(0.1s per unit)

and h is the thickness of the infinitesimal area after the

of the ground, s1 is the distance the car travels when the

balloon inflated.

balloon is deflating, s2 is the distance the car travels by

Fig. 2: Recoil force change with time
(radius of vent is 0.5cm, radius of balloon is 6.75cm)

(2)

Regardless of the Mullins effect[6], we just make
the simplest model. We do an integral on the area of
infinitesimal, then
4
0
2

r
F = 2πcr 2 − 4πcr02 + 2πc
r

(3)

Because the number of infinitesimal will not change
when inflating, the superficial

4.7

ds1
d 2s
= m 21
dt
dt
dv
Fr (cosθ + µsinθ)−µmg −6πηrv = m
dt
Fr (cosθ + µsinθ)−µmg −6πηr
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of the car is the second derivative of the curve. The
coefficient of friction μ is 0.036 from the curve.

But before the experiments on controlling variables,

(8a)
(8b)

some pre-experiments are necessary for the experiment.
force sensor is used to measure the recoil force of the

v 2 = 2as2

(8c)

balloon (Figure 2). We repeat the experiment with

s = s1 + s2

(8d)

different radius of vent (Table 1). From the figure, we

To solve the (8a) and (8b) constants are needed to

600

First, to get the constant c of this kind of balloon, a

distance
ExpDec2 Fit of distance

400

know that the c of this kind of balloon is 0.029N/m^2.
Table1: The recoil force changed with radius of vent
(radius of balloon is 6.75cm)

measure by experiments.

200
7.0

Pre-Experiment
Following parts are experiments. Iron hoops are used

Here, R is the radius of the balloon and we find r can

to control the radius of the balloon, to avoid Mullins

also stand for the radius of the balloon, there is only a

effect[7], one balloon can only be used no more than 4 or

difference in constant between them. Hence r is used as

5 times. In experiments, we can find this influence is not

the radius of the balloon in the following text.

obvious. The weight of the toy car is 34.23g. We neglect

Then there is another assumption, when the balloon
is deflating, the pressure all exerts on the hole of the
balloon, so we can get (5) where R is the radius of the
vent.
F
πR 2

(5)

the weight changed by inflating a balloon and different
kinds of vents, they are all small. Every experiment
is recorded by camera. In video we read the distance
traveled by the car to get two constants and then we can

R(radius of vent)(cm)

0.4

0.5

0.675

F(Maximum force)(N)

1.068

1.221

2.137

60

exponentially with the radius of balloon. The data is
fitted by the Origin.
40

Table 2: Distance the car travels change with radius of car
(radius of vent is 0.5cm, angle is zero)
20

0.0

conservation of momentum (6a) and Poiseuille formula[1]

Model
Adj. R-Square

0.8

Fr t = mv (6a)

v(r) =

We can get (7) from them. Here ρ is the density of the

Fig. 1: Design of the car

6.75

7.4

8.1

8.15

s(distance)(cm)

272

393

552

586

1.6

Second is the radius of vent, for this, we used

times(s)

different kinds of tubularis, because Poiseuille formula
can be used in different kinds of vent. (Table 3 the

0.99677
ValueS

P
(R 2 − r 2 ) (6b)
4ηl

r(radius of balloon)(cm)

times(s)

Polynomial

coefficient of the air, Fr is the recoil force and r is the
distance of the airflow to the center of the vent.

Fig. 4: Distance the car travels change with radius of balloon
(radius of vent is 0.5cm, angle is zero)

We can find that the distance the car travels increase

calculate 8(a). Figure 1 is the picture of the car.

η is the friction

8.4

First is the radius of the balloon. (Figure 4, Table 2)

B
Polynomial Fit of B

When the air outflow from the vent we have law of
(6b), where l is the length of the vent,

7.7

radius of balloon(cm)

Three variables are controlled in experiments.

distance(cm)

(4)

S = nπr 2 = 4πR 2

P=

1

Experiment and discussion

inertia, s is the total distance.

will be
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The friction of the ground was estimated by pushing

Assuming the volume of the membrane is a constant,

r02 h0 = r 2 h
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4.9

distance(cm)

τ=

Fr =

Recoil force(N)

balloon, like Young modulus.

air.

tandard Error

B

Intercept

B

B1

12.99906
58.38586

0.50693
1.11222

B

B2

-17.6704

0.59259

Fig. 3: Distance the car travel change with time& the fitting table
(push it slightly to measure the friction of ground)

angle is 0°, the radius of balloon is 6.75cm)
Table 3: Distance the car travels change with radius of vent
(radius of balloon is 6.75cm, angle is zero)

R(radius of vent)(cm)

0.4

0.45

0.5

0.675

S(distance)(cm)

184

314

272

240
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the balloon will change (1b), where is the constant of the
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so small, so the best angle is small and it can’t improve

very useful in making balloon car. In addition, the gear,

[4] Domenico De Tommasi, Salvatore Marzano, Giuseppe

the table, in our experiment the radius is 0.45cm. We can

the result obviously. We use maple to draw the image

radius of wheel, length of axle, shape of car can all

Puglisi, Giuseppe Zurlo. Damage and healing effects

easily understand it. If the vent is too small, though the

of function cosx+μsinx where 0<x<30° (Figure 6) μ is

influence the distance.

in inflated rubber balloons.

recoil force will last for a long time, the force is small.

0.036 here. From Figure 6 we can find that the value

If the vent is too large, the recoil force can’t last long,

only increases a little in a small angle about 5° and

the distance is still short. So there is a maximum in the

the increment can even be neglected. So the result of

experiment. Because the limit of our experiment, we can

experiment is obvious to know.

only find the best radius is in between 0.4-0.5cm.
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Conclusion
In this article, the force inside of a balloon was
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distance(cm)
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distance
ExpDec2 Fit of distance

derived. A equation that can predict the distance was
also derived, but it’s really a pity that the theory do not
fit very well when the radius of balloon is large than

250

8cm (the theory predict it can go about 9 to 11 meters,
but the experiment shows it only 5 to 6 meters.) and the
200

error will be larger if the radius of balloon increases. the
reason may lie here, first the Mullins effect was neglected
here, we just use the simplest model of balloon. Second,
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Fig. 5: Distance the car trave change with angle(by experiment)
(radius of balloon is 6.75cm, radius of vent is 0.5cm)
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We can know that there is a best radius of vent from

