o THE BASICS OF
JET PROPULSION

An engineer talks in plain language about the physics of jet propulsion and
why jets may soon challenge propellers for popularity

BY ROBERT.T-DEVAULT: = ...~

ets are becoming more popular.
They used to be only for the “Cali-
fornia Hot Dogs.” but now they're
getting into family boats. Why? Ba-
sically for four reasons: 1) simplic-
ity—the power goes right into the water
without going through gears, right-angle
shafts, clutches, or gear shifts—that means
lower cost. lower maintenance, more relia-
bility: 2) safety—no danger to swimmers
under the stem of the boat; 3) shallow-water
operation—no prop to bend: and 4) ecasier
launching, retrieving, and trailering.

WHAT IS A JET?

Functionally, it’s just a prop inside of a
pipe. It looks more complicated, but all it
does is squirt water out the back, reassur-
ing us that Isaac Newton's ideas about ac-
tion and reaction are still valid along the
information highway.

If you've forgotten your high-school
physics, I'll go through the basic stuff
here, because there seems to be an almost
total lack of understanding of the very sim-
ple. basic, physical laws.

Consider brick propulsion. You're
standing in a boat with a pile of bricks,
throwing them, one by one, over the back
of the boat (see Figure 1). Everytime you
throw a brick, you give the brick an im-
pulse, and that same impulse goes into the
boat, through your fcet, and pushes the
boat ahead. If the brick weighs 10 pounds
and you throw it at a speed of 100 feet per
second—you're damn strong—the im-
pulse is 10/gx100 or 31 pound-seconds.

You have to divide the brick’s weight by
“g.” the “acceleration due 10 gravity.” to
get the “mass™ of the brick, since mass is
what counts when you're accelerating
things. As Einstein pointed out, gravity
and acceleration are equivalent. When you
stand on the bathroom scale, it indicates
the force produced by your mass acceler-
ating at 32.2 feet per second—this is the
value of *¢” in the English system of units.
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FIGURE 1

(This “English™ system of units is an an-
cient nightmare that even the English have
abandoned. Until voters get the metric sys-
tem in, you'll have to try to understand this
revolting mess.)

Now, if you throw one brick per second,
you get a thrust of 31 pounds. If you throw
two bricks per second, you get 62 pounds,
and so forth. Not much thrust is it? The av-
erage V-8-powered jet can produce around
1000 pounds of thrust, so it’s like throw-
ing an equivalent of 31 bricks per second.

Now suppose you have the boat zipping
along at a speed of 100 feet per second (68
mph), but you’ve run out of bricks. You
aotice lots of bricks floating (floating?) on
the water, so you reach over and start pick-
ing them up. Every time you pick cne up,
you've put the same impulse (31 pounds
per second) into the boat, but in the wrong
direction. So now, if you pick one up per
second, you have an additional drag (mo-
mentum drag) of 31 pounds, so you have
to throw the brick twice as hard to cnd up
with the same net thrust. This is why the
net thrust of a jet, or a prop, decreases
rapidly with speed.

The engine (or you) produces the same
maximum power regardless of boat
speed. In the case of a jet, it has to pick
up stationary water, bring it up to boat
speed, then squirt it out faster than boat
speed to get positive net thrust. If the
boat travels 68 mph with 300 hp, you
must accelerate the intake water to 68
mph before you can expel it. If acceler-
ating this water to 68 mph takes 300 hp,

the boat has reached its top speed. If you
have a 400hp engine, you have an addi-
tional 100 hp to accelerate the water
even further, which will result in a high-
er boat speed. (As long as you have a
supply -of bricks on board, you have the
rocket system; i.e., the propulsion “flu-
id" is carried with you, and you're
forced to accelerate its mass as well as
that of you and the boat.) A jet sucks air
(or water) from the surrounding environ-
ment and expels it to create thrust.
Enough of that! Let’s look at the parts
of the jet shown in Figure 2 (on page 34).

Intake Section .

The intake is a hole in the bottom, which -
has the job of picking up the water and de-
livering it to the pump with minimum
pressure loss. There is usually a grill
across the intake to separate the water
from the beer cans and plastic bags. The
energy in the water, measured in terms of
pressure, increases as the square of the rel-
ative speed. The density of water is about
2.0 in the English system, so that the wa-
ter pressure measured by a pitot tube and
indicated by the speedometer is about: p
(in pounds per square foot) + V2 (in feet
per second squared) i.e. p=V2. So, at
V=100 feet per second, p=10,000 pounds
per square foot (psi). or about 70 psi. (The
typical numbers for a jet are shown in Fig-
ure 3, while plotting maximum obtainable
thrust against speed gives the curve shown
in Figure 4.)

The average intake is onlv about 50






