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AN INEXPENSIVE TIME BOMB 

NOEL DE NEVERS 
University of Utah 
Salt Lake City, Utah 84112 

PURPOSE 

This experiment demonstrates : 
1. Bernoulli's Equation 
2. Unsteady-state flow 
3. Flame velocity and flame stabilization 
4. Mathematical model building. 

APPARATUS 

The apparatus consists of a can with a snug­
fitting lid. One-gallon paint cans or 2-lb. coffee 
cans are ideal. The lid is loosely attached to the 
body of the can by a 6" length of 1/ 8" chain or 
strong flexible wire, which is soldered to both lid 
and body. The can has two holes in it. One hole 
about 1/ 4" O.D. is in the center of the lid, the 
other about 1/ 2" O.D. is on the side near the bot­
tom. In addition the demonstrator needs a stop­
watch, a book of matches, and a roll of masking 
tape. 

DESCRIPTION O F DEMONSTRATION 

Beforehand the demonstrator fills the can (lid 
in place) with natural gas. This is done by blow­
ing gas from a gas jet in the bottom hole, while 
the can is in a hood. Two to three minutes will do. 
Then, before shutting off the gas, the demon­
strator tapes over the lid hole with masking tape, 
then removes the can from the gas jet, and tapes 
over the bottom hole. 

To begin the demonstration the demonstrator 
sets the can on a table, removes the bottom mask­
ing tape, then removes the tape over the lid hole 
and starts the stopwatch immediately. He then 
strikes a match and lights the gas issuing from the 
lid hole. 

The flame burns brightly for a while, then dies 
down to the point where it is invisible in a well­
lighted room. Finally the gas-air mixture in the 
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can explodes with a loud bang blowing off the lid 
and emitting a flash of blue flame . By watching 
his stopwatch the demonstrator ( who knows in 
advance when this explosion will occur) can time 
his lecture to reach a dramatic point just when 
the explosion occurs. 

THEORY 

The theory is easier to discuss on the assump­
tion that the hole in the bottom is very large. If it 
were large the pressure drop through it would be 
negligible. However, if the hole actually is large 
the resulting explosion is not as dramatic as if it 
is small. 

We may apply the classical Bernoulli's equa­
tion across the hole in the top, with the well­
known orifice velocity formula resulting 

v= C '/ 26.p/p gas 

(See the table of nomenclature). 

(I) 

We will now consider the start of the experi­
ment, when the can is full of natural gas. If the 
hole in the bottom is large, the gas pressure at the 
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bottom of the can is Patm• The value of l'-p is found 
by noting the pressure drop as one moves up in a 
column of gas and a column of air, 

Pair = . p atm - pair g6Z ( 2) 

p gas = P atm - Pgas g6Z ( 3) 

Lip = p gas - pair = gllZ( pair- p gas) · (4) 

Substituting this in equation 1 we obtain 

v = C / 2gllZ( p~ir - p gas) 

\ Pgas 

(5) 

This is a steady-state solution, because the classi­
cal Bernoulli's equation is a steady-state equation. 
As shown in most fluid mechanics textbooks, this 
result is an excellent approximation of the in­
stantaneous velocity for unsteady-state processes 
like the one here, in which the velocities are small 
compared with the speed of sound. 

At this point we will introduce two models of 
the behavior of the gas, and determine the veloc­
ity-time curve for each. The experimental ex­
plosion time is bracketed by these calculated 
curves, as we would naturally expect. 

Model 1- The diaphram or plugflow model 

Let us assume there is no mixing between in­
flowing air and the gas in the container. Since the 
gas is lighter than the air, it will always be above 
the air. We may imagine it separated from the air 
by a moving flexible diaphragm. If we now con­
struct the ratio v /v O from equation ( 5) , we get 

Pair _ 
1 

:it LIZ Pgas (6) 

'b LIZ pair . _ 0 
1 

Pgas
0 

However the values of gas density on the right 
cancel so, 

(7) 

Here l'-Z is the instantaneous value of the distance 
from diaphragm to lid hole and 6 Z0 is the initial 
value. 

If we square both sides and differentiate with 
resP,ect to time we obtain 

2v dv _ 1 d(LIZ ) 
~ dt - "i:z" dt 

0 O 
(8) 

Now we make a volume balance, ignoring the 
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minute compressibility effects of the gas, and ob­
tain 

d ~ 
dt 

ah 
-v­. a 

C 

(9) 

Substituting (9) in (8) and cancelling we obtain 

dv vo2 ah 
- = - --- = constant 
dt L\Z0 ac 

(10) 

This may be readily integrated, and rearranged to 
obtain 

(11) 

i.e., the velocity falls off linearly from its initial 
value to zero when one can-volume of gas has 
flowed out. This is plotted in Figure 1 for a 1-gal­
lon paint can. 

Model 2- The perfectly mixed model 

Now let us assume that at any time the con­
tents of the can are perfectly mixed. Returning to 
equation (6) we see that the only time-dependent 
quantity on the right-hand side of equation (6) is 
p gns which increases steadily as gas flows out and 
air flows in. We may solve for it, as follows 

mass of gas in contain.er 
volume of container' (12) 

· dp gas 1 
dt = V (mass flow rate in-mass flow rate o\ 

(13) 
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(14) 

or 

(15) 

integrating from time zero to time t 

-lnt(pair - pgas )] ~ :!L{t vdt = ...Q 
(pair -pgas ) V f 7 (l6) 

• 0 .Jt=o 

here Q is the total volume of air which has flowed 
into the can. This is readily rearranged to 

P gas ·• Pair - (Pair - p gaso) exp (-Q/V) ( 17), 

If we now substitute this in equation (6), cancel 
out the L:::. Z's, and rearrange, we obtain 

·PSo . 
-,-- exp (-Q/V) 

:;: ~ _,Pa.__ ____ _ 
v· 

0 Pgo 
l -(1- -) exp(-Q/V) 

Pa 

(18) 

This does not have an obvious analytical solution 

cal, the flame is exactly in the plane of the lid. 
When the velocity of the gas is slightly less than 
the flame velocity, the flame burns into the can, 
where the velocity of the gas is much less than in 
the lid hole, and an explosion ( deflagration) re­
sults. In this way the lid-hole acts exactly as does 
the flame-stabilizer on a Fischer burner, or on a 
jet-engine combustor, or the small burner orifices 
on an ordinary gas stove. 

If we assume that the flame velocity at the 
time of explosion is 1.1 ft / sec, then we can see 
the predicted time of explosion for each of the two 
above models. This is shown on Figure 1. The ex­
perimental results shown on Figure 1 indicate that 
the true behavior of the can is intermediate be­
tween those predicted by the two models, as com­
mon sense indicates it would be for these models. 

0.8-
Dia:;ihragm Model 

p go 0.7 
for v as a function oft, but for a given value of pgo 

Pn 
one may easily prepare a plot of v/ v0 vs. Q/ V, and 
solve for the v vs. t behavior numerically. Figure 
1 shows such a plot for a 1-gallon paint can, to­
gether with the plot for Model 1. Note that the 
curves cross in the low-time region. This appears 
strange, but is consistent with the models chosen. 
In the early stages the mixed model should predict 
the more rapid decrease in velocity because, in 
equation (1) the density of the gas (which ap­
pears in the denominator) increases for the mixed 
model, but not for the diaphragm model. In the 
ear.ly stages, both models show a comparable de­
crease in 6 p. 

FLAME SPEED AND STABILIZATION 

The previously discussed models allow us to 
predict how fast the gas is moving through the 
lid-hole for any instant of time. As discussed in 
texts on combustion (Ref. 1), in laminar flow of 
combustible gas and air, a flame propagates itself 
with a reproducible velocity. For methane-air, this 
is a function of composition, with a maximum 
value, for room-temperature gases of about 1.1 
ft/ sec. 

As long as the velocity through the lid-hole is 
greater than the flame velocity, the flame burns 
above the can. When the two velocities are identi-
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FIGURE 1 

Calculated and Experimental Behavior of I-Gallon Paint Can Bomb. 

CAN DIMENSIONS 
Diameter 6.75 in ., Height 7.5 in., Lid hole 0 ,25 in ., 

Assumed orifice coefficient C = 0.6, Assumed gas 

MW = 17, 
Calculated initial velocity V

O 
= 2.9 ft/sec. 

COMMENTS ON THE EXPERIMENT 

1. The application of Bernoulli's equation is 
obvious. The teacher might note to the class that 
the flow here is quite analogous to the steady-state 
flow in chimneys, or for that matter to the steady­
state flow in a room with a "radiator" at one side. 

2. The mathematics shown should convince the 
students that unsteady-state flow is much more 
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difficult to analyze mathematically than steady­
state flow. It might be offered as a general rule 
that an experiment which is easy to set up is gen­
erally hard to calculate, and vice-versa. 

3. The two mathematical models chosen are 
the only two for which simple solutions are pos­
sible. This is typical of real engineering prob­
lems: by choosing limiting cases as mathematical 
models, one can bracket the observed behavior; 
but seldom is a real process simple enough to be 
accurately represented by such a model. 

4. This demonstration can also be used for 
safety lectures. If we assume that the mixture 
which finally exploded was 10 mol % methane, 
then a gallon can contained about 0.3 gm of meth­
ane. Its· destructive potential is made clear by the 
experiment. Annually in the United States several 
people kill themselves by taking cutting torches to 
"empty" oil drums. At the same mixture ratio, a 
55-gallon drum would contain about 16 gm of 
methane (about 1/ 2 ounce) . Normally these 
drums contain higher molecular weigh vapors, but 
the quantity is such that they also pass for 
"empty", fatally. 

A FEW PRACTICAL CONSIDERATIONS 

1. This demonstration will not work outdoors, 
or in a very drafty room; the flame blows out. 

2. Make the chain strong and keep your hands 
away when the can is about to explode. The can 
will jump up to one foot off the table, due to the 
kinetic energy of the lid. 

3. Do not ever assume the flame is out because 
you cannot see it in a well-lighted room. In a dark­
ened room you can always see it; the experiment 
is worth watching once in a darkened room. 

4. The time to explode is a function of the size 
of the bottom hole. One can readily determine this 
function by making a large bottom hole and cover­
ing it with cardboard orifices held on my masking 
tape. If these carboard orifices have various-size 
holes in them, one can make a plot of time to ex­
plode vs. hole area, and see that it asymptotically 
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approaches a value intermediate between that pre­
dicted by the two models as the area becomes 
large. 

5. Top holes smaller than 1/ 8" do not work. 
They quench the flame, so that it cannot get 
through. This might be a good problem to go into 
in a graduate class. (See Ref. 1) 

6. If the demonstrator wishes to use the timed 
explosion dramatically, he should time his can 
several times first. Reproducibility should be plus 
or minus 3 to 5 seconds in 3 to 10 minutes burning 
time. Reproducibility seems to be better for small 
bottom holes than large ones. 

7. The author once tried to give this demon­
stration to a group of co-workers at the National 
Reactor Testing Station, Idaho Falls, Idaho. There 
he filled the can as described, removed the mask­
ing tapes, and applied a match. There was no 
flame. Another match failed to light a flame. After 
several minutes of head-scratching by the author 
and mild snickering by the audience, it occurred 
to the author to ask if the gas jets in the labora­
tory supplied natural gas. The answer was that 
they supplied propane. Thereupon the author ap­
plied a match to the bottom hole, producing a large 
fiame. The can burned for 1/ 2 hour, and then went 
out without an explosion. The demonstration is 
not recommended for use with gases heavier than 
air. 0 
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NOMENCLATURE 
a cross sectional area perpendicular to 

flow 
C orifice coefficient 
g acceleration of gravity 
p pressure 
l:, p pressure difference across the top of 

the can 
Q volume which has flowed into the can 
t time 
V volume of can 
V velocity through lid hole 
z elevation 
6 Z difference in eelvation of two holes 

in can 
p density 

SUBSCRIPTS 
atmospheric 
pertains to gas in can 
pertains to air 

ft2 

dimensionless 
ft/sec 2 

lbr/in2 

lbr/in2 . 

ft3 

sec 
ft3 

ft/sec 
ft 
ft 

atm 
gas 
air 
0 

h 
original condition, i.e. at start of demonstration 
hole (in lid) 

C container 
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