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WHAT IS WATER HAMMER?

Water hammer (or hydraulic shock) is the momentary increase in pressure inside a pipe caused by a sud-
den change of direction or velocity of the liquid in the pipe. Water hammer can be particularly dangerous
because the increase in pressure can be severe enough to rupture a pipe or cause damage to equipment.

CAUSES

It's a simple fact that liquid flowing in a pipe contains two types of energy: potential energy and kinetic en-
ergy. Kinetic energy is attributed to its velocity and potential energy is represented by its pressure. Neglect-
ing friction, the combination of kinetic and potential energy remains constant at all points throughout the
length of the pipe.

Changing the kinetic energy by changing the liquid velocity forces the pressure in the pipe to change. If the
velocity of the liquid decreases (decrease in kinetic energy), the liquid pressure increases (increase in poten-
tial energy).

Water hammer most commonly occurs when a valve is closed quickly and suddenly stops the flow of liquid
in a pipeline. When this happens, shock waves travel back and forth through the piping system equal to the
speed of sound in that liquid (for water at 70 degrees that is over 4800 ft/sec). These waves travel backward

until encountering the next solid obstacle (frequently a pump or check valve), then forward, then back

again until pressure is equalized.

Additionally, the sudden closure of a valve in a pipeline
causes the momentum of the liquid column to exert a force
on the valve's shut-off element (disc, gate or ball). This sud-
den separation of the water column causes two things to
happen simultaneously: the pressure on the upstream side
of the valve increases and pressure on the downstream side
of the valve decreases. The liquid downstream of the valve
will attempt to continue flowing, creating a vacuum that
may cause the pipe to collapse or implode. This problem
can be more serious if the pipe is on a downhill slope.

To prevent a sudden change of pressure near the valve's
shut-off element, air and vacuum relief valves, or air vents,
are installed just downstream of the valve to allow air to
enter the line and prevent a vacuum from occurring.

Therefore, the proper opening and closing of valves is fun-
damental to safe pipeline operation. Closing a valve at the
downstream end of a pipeline creates a pressure wave that
moves in the upstream direction. Closing a valve in less time
than it takes for the shock wave to travel to the end of the
pipeline and back is called “sudden valve closure”. Sudden
valve closure will change velocity quickly and can result in
a pressure surge.

Other causes of water hammer:

e Rapid pump startup can induce the rapid collapse of
a void space that exists downstream.

e Rapid pump shutdown can create a quick change in
flow, which causes a pressure upsurge on the suction
side and a pressure downsurge on the discharge side.
Of the two, the downsurge is usually the major problem.
The pressure on the discharge side reaches vapor pres-
sure, resulting in vapor column separation.

e Check valve slam (due to sudden deceleration, a
check valve may slam shut rapidly).

e Movement of air pockets in a pipe. Air is compressible
and if carried along in a pipeline, can act like a spring,
being compressed at low spots in a line and expanding
at high spots in the line. Compression and expansion
produces pressure variations which, if great enough,
could produce serious water hammer pressures.

e Water-column separation can also result in serious
water hammer pressure values when the separated col-
umn rejoins at high velocity.



EXAMPLES OF WATER HAMMER

Let’s look at an example. Suppose we have an 800 foot long pipeline with water
flowing through it at a rate of 4 feet per second. The pressure in the line at the
downstream valve is 60 psi when the valve is closed over a period of:

10 seconds. What is the pressure increase due to Now let’s suppose we have the exact same con-

water hammer? ditions except the valve is closed in one second.

Pwh = (0.070VL)/t + Pi Pwh = (0.070VL)/t + Pi

V= 4 ft/sec V= 4 ft/sec

= 800 ft 8= 800 ft

= 10 sec = 1 sec

Pi = 60 psi Pi = 60 psi

Pwh =" [(0.070 * 4 * 800)/10] + 60 Pwh = [(0.070 * 4 * 800)/1] + 60

Pwh = 82 psi (Water hammer increased the pressure by Pwh = 284 psi (Water hammer increased the pressure
22 psi) by 224 psi!)

The above two examples show how the water hammer pressure is affected
by changing the valve closure time only while keeping all other variables
unchanged. Now let’s look at what happens if the flow rate is increased to
9 ft/sec but keeping everything else the same:

10 seconds One second
Pwh = (0.070VL)/t + Pi Pwh = (0.070VL)/t + Pi
V= 9 ft/sec V= 9 ft/sec
= 800 ft = 800 ft
t= 10 sec = 1 sec
Pi = 60 psi Pi= 60 psi
Pwh = [(0.070 * 9 * 800)/10] + 60 Pwh = [(0.070 * 9 * 800)/1] + 60
Pwh = 110 psi (Water hammer increased the pressure by Pwh = 564 psi (Water hammer increased the pressure
50 psi) by more than 500 psi!)

If in this example HDPE DR 17 pipe rated at 100 psi were used, it would operate within specifications under
normal conditions. Under water hammer conditions, however, failure would certainly result.



CONTROL

The following steps can be taken to reduce or eliminate water hammer:

¢ Proper education and training of personnel on the dangers of water hammer and how to mitigate them
through proper opening and closing of valves.

e Use start-up and shut-down procedures for pumps that reduce the possibility of creating water hammer
conditions.

¢ Reduce the velocity of the liquid in the pipe. To keep water hammer low, some references recommend
keeping the flow velocity at or below 5 ft/s.

e Use slow-closing valves. Anything with a wheel, like a gate valve, is generally considered slow-closing.
Valves with handles, like butterfly valves or ball valves, are considered fast-closing.

e Use pipe with a higher pressure rating. For example, DR 26 HDPE pipe is rated for 65 psi, whereas DR 11
HDPE is rated for 160 psi.

¢ Air valves are often used to remediate low pressures at high points in the pipeline by admitting air into
the line to reduce the possibility of partial vacuum and possible pipe collapse.

¢ Install pressure relief valves to prevent excessive pressure in the pipe.

e Use air chambers, surge vessels, accumulators or expansion tanks that are partially filled with air or gas
and cushion possible shock.

ABOUT BAKERCORP

BakerCorp is the industry leader in containment, pumping, filtration and shoring equipment rental so-
lutions. Since its inception in 1942, BakerCorp has grown to become the largest and most experienced
containment, pumping, filtration and shoring solutions provider with over 90 locations nationwide and
international operations in Europe, Canada and Mexico. BakerCorp retains an extensive inventory of over
19,000 pieces of equipment including more than 17 varieties of steel tanks, roll off boxes, pumps, filtration
and specialty equipment. BakerCorp provides innovative solutions to an ever expanding number of mar-
kets that include: chemical, manufacturing, refining, construction, municipal, industrial services, environ-
mental remediation, power generation, aerospace, food processing, tank terminal/pipeline operations,
transportation, pulp and paper, mining, electronics, wastewater, and many others.

For more information visit www.bakercorp.com.
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