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K, you are in the market for

a new power washer. How to choose

the right one is a trade-off between 

factors such as:

• Reliability and manufacturer’s 

reputation;

• Ease and convenience of use;

• Long working life;

• Availability of quick repair;

• Budget constraints.

And you can probably think of many

more considerations. But the big ques-

tion is comparing cleaning ability.

Should we go for high gpm and mod-

est pressure, or high psi, accepting a

reduced gpm? The following is both a

theoretical and a practical guide to

evaluating and selecting a gpm-psi

combination. Please don’t get scared off

by the equations—there is a “bottom

line” to each one that will help you

decide on the best washer for you.

The basic idea in pressure wash-

ing is to convert high-pressure water

into high-velocity water. An Italian,

Daniel Bernoulli, was the first to grasp

(in the 1700’s) the equivalence between

pressure energy and velocity energy. So

we have the famous Bernoulli equation,

which for our purposes can be written:

Solving for velocity we have:

Putting in typical values for water,

and expressing water velocity in ft/sec,

and pressure in psi gives:

Alternatively, psi = 0.00673 V2

So we see there is not a direct one-

to-one relation between the final water

velocity and pressure. In fact, Figure

1 shows that, to double the velocity

from, say, the 2000 psi level, four

times the pressure would be required.

So an increased pressure results in a

modest, but significant increase in jet

velocity. The velocities shown in Figure

1 are the theoretical values from the

above equations, with pressure meas-

ured at the entrance to the nozzle.

Actual velocities will be lower due to

nozzle inefficiencies.

But pressure alone is not the whole

story. For a given nozzle minimum

diameter, another equation also applies:

the equation of continuity.

Q = A V

where Q = flow rate

A = nozzle area

V = water velocity

And so we see the flow rate goes up

directly with the velocity. If we select
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where P = pressure

= water density

V = water velocity

g = gravity acceleration



a 0.043 in. diameter round nozzle (Industry Standard No.

3), and express Q as gpm, we find, for example:

gpm = 0.0045 V (for 0.043 in. diameter nozzle only)

At 4000 psi, the above relations give a velocity of 771

ft/sec, and a flow rate of 3.47 gpm. But this is a theoretical

development, not considering the nozzle coefficients which

lower the velocity and flow

rate. The industry standard 

for a 0.043 in. diameter noz-

zle (No. 3) is 3 gpm at 4000

psi pressure, so there are

substantial losses in an ac-

tual system. Applying an

85 percent conversion ef-

ficiency to the theoretical

expression for GPM thus 

seems appropriate; as 85 per-

cent of 3.47 is about 3 gpm. 

Tables of gpm flow rate for

various size nozzles and 

pump pressures are available 

as industry standards.

The force, F, on the surface

being cleaned can be calcu-

lated from the momentum

leaving the nozzle:

F = m V = (   AV) V

where m is the mass of water

per second (mass flow rate).

We calculate the value of

the force F, in pounds, from:

AV = volume flow rate, and

F =

or, 

F (in pounds) = 

where 62.4 = lb of water per 

cubic ft

32.2 = gravity 

acceleration

7.48 = gal. of water 

per cubic ft

60 = sec. per min.

At 4000 psi the theoretical

force delivered to the surface

using the No. 3 nozzle is thus

9.98 pounds. This is also the

force that the operator must exert to keep the nozzle in

position. Inefficiencies apply to reduce this force in prac-

tice. The above expression was presented in an earlier issue

of Cleaner Times (Reference 1), however the author

referred to the resulting answers as being in ft-lb, instead

of the correct units of lb. Calculations using this expres-

sion are also the basis of proposed safety standards to limit

the reaction force on pressure washer operators.
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Figure 1 — Theoretical jet velocity as a function of nozzle pressure.
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Figure 2 — Engine horsepower required per Cleaning Power Unit level. Catalog data from eight 
different pressure washer manufacturers. All engines are of the overhead valve type.
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Next, the moving water jet contains kinetic energy 

per unit time (or jet power), and imparts this kinetic 

energy per unit time to the surface to be cleaned. The

greater the kinetic energy per unit time, the more ef-

fective the cleaning action. Kinetic energy per unit 

time (jet power) is defined here as:

K.E. = 1⁄2 m V2

The units of kinetic energy per unit time (jet power)

are ft-lb/sec, which makes sense when we realize that

1 hp = 550 ft lb/sec. Inserting numbers and expressing

the mass of water per unit time as gallons per minute

(gpm), we find the jet power (in ft-lb/sec) to be:

Jet Power = K.E. = 0.00216 gpm V2

Putting in the expression for V in terms of psi that we

found earlier:

Jet Power = K.E. (in ft-lb/sec) = 0.321 x gpm x psi

or, K.E. (in horsepower) = (gpm x psi)/1714

At the No. 3 nozzle conditions (3 gpm at 4000 psi) we

find the power in the jet to be:

K.E. = 3852 ft-lb/sec = 7 hp

Applying the 85 percent pressure-velocity conversion

suggested earlier, and also assuming a 75 percent pump

efficiency, leads to an engine requirement of about 11

hp. As we will see, an 11 hp engine is very appropriate

for a 3 gpm at 4000 psi unit. Hence we find that a pres-

sure washer having 11 hp driving the

pump transmits about 81⁄4 hp to the

water, which results (due to losses in

hoses, valves, nozzle, etc) in about 7 hp

jet power leaving the nozzle and strik-

ing the surface to be cleaned.

Perhaps the most important result

of all this is showing that the com-

monly used units of cleaning power”

(multiplying gpm times psi) has a

rational basis, and is in fact a useful 

and proper tool for evaluation of pres-

sure washer capability.

Finally, what size engine should

power the gpm-psi combination you

have selected? Pump efficiencies vary

with the manufacturer, and each com-

pany’s valves, hoses, wands, and trig-

gers are somewhat different, so possibly

the best bet is to compare the engine

power you are offered with a broad

range of industry experience. Figure

2 plots cleaning power (gpm x psi)

against the horsepower provided for

catalog offerings of eight different

power washer manufacturers. All data

points are for engines of the overhead

valve type. From this we can see that

there is a very consistent pattern of

engine horsepower provided for a

given level of “cleaning power” units.

If the engine you are offered plots

substantially outside the scatter to

the left of the consensus line, there is

a possibility that the unit is under-

powered, and will not provide the

cleaning power you expect. For exam-

ple, a 3 gpm, 4000 psi unit with an 8 hp

engine is a little scary, when the con-

sensus suggests about 11 hp.
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So how does all this help in select-

ing a power washer? We have the

“cleaning power” expression, which

seems to give equal weight to both

psi and gpm. If we are to use our new

power washer (at a given “cleaning

power” level) principally to remove

loosely adhering dirt or soil, such as

cleaning up after construction, or

agricultural cleanup, a case can be

made for favoring gpm over psi.

The force equation  F (in pounds) = 

shows that the

force on the surface to be cleaned (for

a given level of “cleaning power”)

favors more gpm than psi. A simple ex-

ample shows this. Suppose we are choos-

ing between two machines, each rated

at 9000 “cleaning power” units. Ma-

chine A is rated at 3 gpm at 3000 psi.

Machine B delivers 4 gpm at 2250 psi.

The force produced by Machine A is

Machine B     

So if pressure is not needed for the an-

ticipated job, go for the higher gpm unit.

We also see that since both machines

have the same “cleaning power” units,

they produce the same jet power 

(K.E. = 0.321 x gpm x psi). But now 

consider purchasing a machine to do 

the most demanding tasks, and want 

to be assured your purchase is pro-

perly oriented for this type of per-

formance. If your experience or intui-

tion tells you that the higher the jet 

velocity, the more effective the ma-

chine will be for your requirements, 

the first equations in this article 

show that the higher the pressure, 

the greater the jet velocity achieved;

i.e. the jet velocity is a function of psi. 

The psi term of the cleaning power 

expression contains velocity squared 

(psi = 0.00673 V2). The flow rate 

(gpm) in the cleaning power equation 

contains V only (gpm = [nozzle area] 

times V). Hence increasing psi pro-

vides a higher velocity jet than in-

creased gpm. Back to our examples:

Jet velocity produced by Machine A is

Machine B

So the equations show that the high-

est pressure you can afford, at a rea-

sonable flow rate, will provide the high-

est jet velocity. Our experience shows that,

for difficult jobs, pressure rather than flow

leads to more efficient use of water,

improves the quality of cleaning, and

hence produces better work speed.
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———————————————

A summary of the equations for read-

ers in other countries is as follows:

Jet Velocity, W (in m/sec) = 

Force, FN (in Newtons) = 

where Q* is flow rate in liters/min

Jet Power (in N-m/sec) = 

K.E. = 1⁄2 Q* W2
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