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As any normal 10-year-old, | chose
Charmander as my starter in Pokémon Blue. |
would demolish any and every Pokémon that
came after me and my little (pseudo-)dragon,
but Blue’s (or Green’s, depending on which
game you were playing) Squirtle and its
evolutions would always put a big dent on my
flaming lizard’s health, even KO’ing him
sometimes. Losing my beloved Charizard would
leave me with an undertrained Pidgey and some
other HM slaves, so Blastoise did leave a sour
taste in my mouth growing up. As a kid, | had a
hard time understanding how that big fat
turtle/tortoise could hurt so much my giant fire-
breathing monster, but now, as a bigger kid, |
decided to take a more detailed look at
Blastoise’s power.

HYDRO PUMP ESTIMATION

Bulbapedia (2015) states that Blastoise is 1.6
m tall and, from images from the anime, its shell
was determined to be of ellipsoidal shape, with
axes of around 1.32 m, 1.33 m and 1.42 m (Figs.
1-3). Its volume can then be calculated as
follows:

mra*b-c
Volume = ———

Where a, b and c are the lengths of the axes,
which yields an internal volume of 1.305 m3. If
the carapace were filled half with organs and
muscles and half with water, there would be
approximately 653 liters of liquid stored in it.
The cannon’s diameter was assumed to be
around 10 cm each.

Figure 1. Blastoise, as seen on the anime. Image
modified from a screenshot.

To calculate how strong its water attack is, a
Hydro Pump (which has 5 Power Points [PPs],
meaning that the Blastoise can use Hydro Pump
5 times) was compared to a water cannon.
Information about water cannons can be found
in a study made by The Omega Research
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Foundation (2000), which is an independent UK-
based research organization (Fig. 4). This paper
states that low pressure water jets have a
pressure of about 150 psi (1.03 MPa), and some
modern ones can have as much as 360 psi (2.48
MPa). As Bainbridge (2014) says, Pokémons are
supernatural creatures that possess spiritual
and supernatural powers (even Blastoises, |
guess), so it will be assumed that the water in
the shell is stored at 360 psi, the higher value.

Figure 2. Blastoise sideways. Image modified from
the official art by Ken Sugimori. (Source: Bulbapedia.)

As the cannons are short tubes and the only
losses come from its entrances and exits, which
amount to very little, the losses will be
considered negligible. The time needed for the
water to accelerate will also be considered
negligible, since there is a big pressure gradient
and no obstacles to the flow. This way, all this
pressure would translate to momentum when
the water left the two cannons, with the velocity
being calculated as:

In this equation, c is the velocity of the water
that exits the cannon, p is the pressure at which
the water is stored and p is the density of water.
The equation is used to transform the stored
pressure cargo into velocity when there is no
vertical movement in the flow.

1,33 m

142 m

Figure 3. The “Blastoise ellipsoid”.

At 360 psi and the water density of 1000
kg/m3, the exit speed would be of 70.5 m/s, an
astounding 254 km/h. However, all that might
would be very short lived: if all the stored water
is to be spent only in Hydro Pumps, each PP
would last only 0.118 seconds, so Blastoises
must be very good shots (no time to redirect the
attack, which would explain the low accuracy for
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Hydro Pumps). Its force and energy were
calculated as follows:

F=—-m-c

_ Volume - p- c?
Bl 2
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RIOT CONTROL VEHICLE

with Pulse Jet Cannon System

Figure 4. Modern Israeli pulsed jet Water Cannon.
Image reproduced from: The Omega Research
Foundation (2009).

The first equation is the force exerted by the
flow, which is given by the multiplication of
minus its mass flow (negative, as the water is
flowing out of Blastoise) by the velocity of the
water. The second equation is the kinetic energy
of the moving water, given by its volume,
density and speed squared. That translates to a
78 kN impact for 0.118 seconds, and about 324
k) of energy. While it does not pack as much

force as Ivan Drago’s punch (about 130 kN
according to Rocky 4; his “punching power” was
shown as 1850 psi; the punch’s area estimated
at 0.01 m?, the approximate area of a closed
human fist), energy wise, one PP would have the
same energy as an average car (1300 kg) going
at 80 km/h. That would be tough for a Charizard
to handle.

So, after all, my Charizard really should avoid
getting hit by one of those things. Some follow
up questions do come to mind though, so let’s
see what else we can come up with.

IS MEGA BLASTOISE’'S HYDRO PUMP
STRONGER?

For this analysis, let’s assume that the
pressure at which the water is stored in a
Blastoise’s shell is directly proportional to its
Special Attack. Blastoise’s base Sp. Attack is 85,
whereas its Mega Evolution packs 135 (a regular
Charizard has 109 base Sp. Attack, while its Y
Mega Evolution has 159, so take that Blastoise!).
The water pressure in Mega Blastoise’s carapace
would be of 571.8 psi (3.94 MPa). Another
difference is in the cannon: while Blastoise has
two 10 cm diameter cannons, Mega Blastoise
has one that is significantly larger, assumed to
be 20 cm in diameter, as seen in Figure 5.

Figure 5. Comparison between Blastoise and Mega
Blastoise. Image modified from the official art by Ken
Sugimori. (Source: Bulbapedia.)
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With these assumptions set, the force of a
Hydro Pump’s PP would be of almost 250 kN,
way stronger than Ivan Drago’s punch, and the
energy it would contain would be of 515 kl.
Overall, Mega Blastoise really is stronger than its
non-Mega counterpart, with its Hydro Pump
carrying approximately 60% more energy and
exerting a force 3 times stronger.

CAN A BLASTOISE FLY?

With that amount of force and energy being
released, one wonders if a Blastoise could fly
(Doduos can, why can’t the turtle?). In order to
calculate how high can a Blastoise go, the
Pokémon was supposed to be in an upside down
position and to fire its Hydro Pump downward,
with the water jet now propelling the turtle
upward. This maneuver was approximated to a
simple variable mass system, and calculations
without considering drag forces were, as stated
in Peraire & Widnall (2009):

c? 1 (1—p)?
height = l—py-ln——py————
eig < u-ln U > )
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Where:

u= (mO - mwater)/mo

c-m

The first equation calculates how high a body
with mass m, goes when continuously firing
downward a total mass my, 4t Of propellant at
a given velocity ¢ and at a mass flow m while
being accelerated by a gravity g (9.8 m/s?). The
auxiliary variables u and n are the mass fraction,
which is the quotient of the final mass of the
body after the propellant is expelled divided by
its initial mass, and the thrust induced
acceleration. In this study, the body is a Blastoise
and the propellant is water.

The results are shown in Figure 6, a graph
representing how high Blastoise goes according
to how many PPs it uses.

3 4 5

Used PPs

Figure 6. Graph of achieved height versus number of PPs used for Hydro Pump.
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Therefore, of course, the more Hydro Pumps
used, the higher the Blastoise will go. When all
five PPs are spent, Blastoise will fly as high as 28
m, which is about the height of a 10-story
building. That will not get you from Pallet to
Viridian, but it is pretty high for a turtle.

HOW MUCH MUST A BLASTOISE EAT?

It was hard to find information on the
efficiency of turtles, so a human was taken as
basis of comparison. An average human has a
mechanical efficiency of about 25%. As turtles
are ectothermic creatures, energy-wise they are
more efficient than humans, as they do not
spend energy to stay warm. Its efficiency is then
a little higher and, as a semi-wild guess, it was
assumed to be 40%.

To most people’s astonishment, freshwater
turtles are not herbivores. They do eat plants,
but fish is a main dish on their diet. Blastoises, as
freshwater turtles, would then eat what should
be easier for them to find: Goldeens. Goldeens
weigh about 15 kg and inhabit the same water
ponds a Blastoise would. Nutritionally,
freshwater fishes have about 150 kcal per 100
grams, so with 40% efficiency a Blastoise would
have to eat a little more than half a kg of
Goldeen to use all 5 PPs of Hydro Pump, which
is a little underwhelming, as we were expecting
some mass extinctions to take place.

CONCLUSION

After our analysis of a Blastoise, it was
concluded that they do pack a punch. With each
Hydro Pump averaging 78 kN in force and 324 kJ
in energy, the impact could damage any fire
lizards that stands on its way. Aside from that,
Mega Blastoise was confirmed to be stronger
than a regular one, and Blastoises do not need
to go binge-eating Goldeens to use their attacks.
The most important result, however, was that

turtles, even when equipped with super strong
water cannons, in fact cannot fly.
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