PRESSURE — VACUUM
TERMS, DEFINITIONS &
DISCUSSION
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Pressure - Vacuum: Two terms
we are concerned with daily in
pump application work. On occa-
sion they are presented in unfamil-
jiar terms and we find it necessary
to do some digging to find a conver-
sion or to make a logical interpreta-
tion.

Believing that this problem may
also present itself to you, we felt it
might be desirable to review some
of the terms we encounter when
dealing with pressure and vacuum.

We will list the terms, define
them — using a textbook or stan-
dard definition when we can find
one, or give the definition we use
here at Viking when no more au-
thoritative source can be found,
and last, give some discussion on
those terms that have proved par-
ticularly troublesome or have a pe-
culiar significance when applied to
pump applications.

We will break the terms down in-
to four categories (1) those pertain-
ing to pressure in general, (2) those
encountered most frequently on the
suction side of the pump, (3) those
found on the discharge side, and (4)
some applications to watch. See
Figure 1 for the terms that will be
defined.

(1) GENERAL TERMS

HEAD: One means of indicating
the discharge pressure a pump
must develop. Literally, head
means the height of a column of lig-
uid that will exert the same pres-
sure at its base as a pump must

develop at its discharge port to
meet the requirements of the sys-
tem. For applications involving posi-
tive displacement pumps, head is
normally expressed in PSIG. For
centrifugal pump applications, head
is expressed in feet of the liquid be-
ing pumped (when converting to
PSIG do not forget to consider
specific gravity of the liquid). The
term ‘*head” when used alone is
assumed to mean the total dis-
charge head.

Friction Head: The head or
pressure necessary to overcome
the frictional resistance of a piping
system to the flow of liquid through
it. The term friction head is most
frequently encountered in centrifu-
gal pump applications. It is ex-
pressed in feet of liquid or PSI. Fric-
tion head is synonymous with the
following terms which are more fre-
quently encountered in positive dis-
placement pump applications: pipe
friction loss, line loss, and delta P
(A P).

Static Head: The pressure or
head at the pump ports when the
liquid in the system is not flowing (is
static). The value of the static head
(expressed in feet of liquid or the
equivalent PS|) is equal to the dif-
ference in elevation between the
pump ports and the point where the
liguid is exposed to atmosphere.

Total Head: The algebraic* sum
of the head on the discharge and
suction sides of the pump. It is syn-
onymous with differential pressure
and is expressed in feet of liquid or
PSI.

*To add something algebraically is to

take into account the plus and minus
signs.

Pages 510.3 and .4 of Engineer-
ing Section 510 of the Viking cata-
log also list the above-mentioned
“head" terms and have additional
diagrams illustrating them.

Velocity Head: The head or
pressure possessed by a liquid be-
cause of its velocity or speed of
flow. A term seldom used in positive
displacement pump applications
because of its small value com-
pared to total head. It might possi-
bly be of importance in a system in-
volving a thin liquid and marginal
available NPSH. Most frequently
used with centrifugal pumps han-
dling water. The units of velocity
head are normally feet of liquid or
PSI.

PRESSURE: The classic defini-

tion of pressure is F where F equals
A

force or “‘push’ and A equals area.
The force will normally be ex-
pressed in terms of weight: pounds,
grams, tons. . .; the area in terms
of square measure: square inch,
square foot, square centimeter. . .
The unit of pressure can take many
forms, e.g., tons per square foot,
kilograms per square meter. The
main problem is to be able to con-
vert the unit given to the one in
which our data is expressed. Table
1 shows factors for converting be-
tween various units of pressure.

Absolute Pressure: Most of us
are familiar with the term 14.7 PSI,
this is atmospheric pressure at sea
level. This implies that someplace
in outer space there could be an at-
mosphere so “‘thin’’ that it would
have a pressure reading of almost
zero PSI (approaching a perfect
vacuum). Any pressure reference
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(1) GENERAL TERMS (3) DISCHARGE SIDE-TERMS
Heaq ) Discharge Head
Friction Total Static Discharge Head
Static Velocity Total Discharge Head
Pressure Discharge Pressure
Absolute Gage Atmospheres
Atmospheric Hydraulic Feet of water
Barometric System Kilograms per square centimeter
Differential Working Meters of water
Pressure Drop Pounds per square inch
—
FIGURE 1.
iy )
SUCTION
LIFT (2) SUCTION SIDE-TERMS
Altitude
NPSH
NPSHA
NPSHR
Submergence (4) APPLICATIONS WORTH
Y Suction NOTING WITH REGARD TO
Suction H_ead HOW OPERATING CONDITIONS
Suction Lift ARE EXPRESSED
Vacuum

(A) Pumping with suction lift

(B) Pumping high vapor pressure
liquid

(C) Pumping from vessel under
high vacuum

(D) Pumping in a system having

high internal pressure

or reading that uses this zero as a
starting point is known as ‘‘ab-
solute'’ pressure.

Absolute pressure is expressed
in pounds per square inch absolute,
PSIA. Absolute pressure is equal to
gage pressure plus 14.7 PSI. See
Figure 2 for graphic comparison.

Atmospheric Pressure: The air
or atmosphere surrounding the
earth piles up, as it gets closer to
the earth, exerting an ever greater
pressure. This pressure is called at-
mospheric pressure; at sea level it
amounts to 14.7 PSI. Probably the
most frequent contact most people
have with atmospheric pressure is
in connection with weather reports
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in which the atmospheric pressure
is given in inches of mercury. An
equivalent for the 14.7 PSI| when ex-
pressed in inches of mercury is
29.93. Common atmospheric pres-
sure readings in our area (Cedar
Falls, lowa) run from 28.9 to 29.3
inches Hg. Another unit of atmos-
pheric pressure measurement used
occasionally is millimeters of mer-
cury. The equivalent reading to 14.7
PSI when expressed in millimeters
is 760. See Table 1 for conversion
factors.

Atmospheric pressure is primari-
ly dependent on the elevation or
height above sea level, getting less
as the air gets thinner at higher
elevations. Table 2 shows atmos-

pheric pressures at different eleva-
tions.

Suction conditions for a pumping
application are not so critical that
elevation has to be considered, but
when working with thin liguids in
mountainous areas it is well to keep
it in mind. For example, the atmos-
pheric pressure in the “mile-high”
city of Denver, Colorado, is 12.1 PSI
(24.7" Hg.) instead of 14.7 PSI.

Barometric Pressure: Pressure
measured by a barometer and nor-
mally synonymous with atmospher-
ic pressure. A simple form of ba-
rometer is made by filling a long
tube with mercury and inverting it in
a cup containing mercury. The col-
umn of mercury in the tube de-
scends until it is balanced by the
weight of the atmosphere. At sea
level the height of the column is
about 30 inches. The normal atmos-
pheric or barometric pressure read-
ing of around 30 inches of mercury.

Differential Pressure: Differen-
tial indicates difference. A differ-
ence in pressure exists between
any two points in a system or circuit
in which liquid is flowing. Differen-
tial pressure is normally understood
to mean the difference in pressure
across the pump, i.e., the differ-
ence between suction pressure and
discharge pressure. See Figure 3.
Differential pressure at Viking
Pump is expressed in PSI. The pres-
sure scale, absolute or gage, is ir-

ATMOSPHERIC
PRESSURE

ABSOLUTE

25

Perfect
Vacuum

FIGURE 2. Comparison
Between Absolute and Gage
Pressure Scales

29.92




TABLE 1.
Factors For Converting* From One Pressure Unit To Another.
Feet Inches Kilograms | Millimeters Pounds
Pressure | Atmospheres, of of per square of per square
Unit Atmos. Water, Mercury, | centimeters, [ Mercury, inch,
" H,0 " Hg Kg/cm? mm Hg PSI
Atmos-
pheres, 1 33.9 1.08 760 14.7
Atmos.
Feet of
Water, # 0.029 1 0.883 0.030 22.4 0.433
"H,0O
Inches of
Mercury, 0.033 113 0.034 254 0.49
" Hg
Kilograms
per square
centimeter, 0.968 32.8 1 736 14.2
Kglcm?
Millimeters
of Mercury,| 0.00131 0.0446 0.0394 0.00136 1 0.0193
mm Hg
Pounds
per square 0.0680 2.81 0.07083 1.7 1
inch, PSI
*To convert from a pressure unit in the left hand column multiply the numerical value times the fac-
tors in the vertical column showing the unit you are converting to. For example to convert 50 feet of
water to PS| go horizontally to the right from the '‘Feet of Water' unit to the box under PSI, the fac-
tor is 0.433. The 50 feet of water would then be multiplied by 0.433 to get 21.6 PSI.
# When working with liquids other than water multiply the conversion factors shown by the Specific
Gravity of your liquid to get the correct factors.

relevant since the value is the dif-
ference between two readings on
the same scale.

Gage Pressure: Most pressure
gages used on liquid transfer sys-
tems are those that show a zero
reading when exposed to atmos-
pheric pressure, i.e., when they are
not in use.

Readings taken from gages hav-
ing this zero point (atmospheric
pressure) are known as gage pres-
sure readings. The most common
units are pounds per square inch
gage (PSIG). Gage pressure is
equal to absolute pressure minus
14.7 PSI. See Figure 2 for com-
parison between gage pressure and
absolute.

Hydraulic Pressure: By dictio-
nary definition hydraulic means
“pertaining to fluids in motion, es-
pecially water"'. By popular usage it
means transfer of power by the
moving of liquid under pressure.
Hydraulic pressure is pressure ex-
erted by a liquid, resulting either
from height (elevation) or a pump.

A system at rest will have pres-
sure exerted on it at the low point.
This is a function of the elevation of
the liquid at its highest point and the
specific gravity. This would be hy-
draulic pressure resulting from the

“head” of liquid. It can be trouble-
some at times because of a packing
leak. If leaking while the pump is
idle, the system may drain itself
through the pump (this can be espe-
cially bad if a siphon effect is creat-
ed), or it may permit air to be pulled
into a system.

Hydraulic pressure is frequently
used in conjunction with hydrostat-
ic pressure tests. Hydraulic pres-
sure in this case is the pressure ex-
erted on the liquid in a pump by an
external means such as a hand pis-
ton pump to check the pump cas-
ing, gaskets, etc. for leakage.

Hydraulic pressure is also used
in making pump efficiency calcula-
tions. The theoretical horsepower
(hydraulic horsepower) or power
contained in the liquid is a function
of the pressure added to the liquid
and the volume of liquid to which
this pressure is added.

THP =Pressure X Volume
Constant

System Pressure: A system,
when referring to pumps, includes
the entire circuit of piping, valves,
tanks, etc., that the liquid flows
through. On most transfer applica-
tions the suction side is exposed to
atmospheric pressure; thus there is
no pressure being exerted on the

TABLE 2.

Atmospheric Pressure and Barometer
Readings at Different Altitudes
Altitude Atmospheric Barometer
Above Sea Pressure — Reading —
Level Pounds Per Inches of
in Feet Square Inch Mercury

0 14.7 29.929
1000 14.2 28.8
2000 13.6 27.7
3000 13.1 26.7
4000 12.6 25.7
5000 12.1 24.7
6000 1.7 23.8
7000 11.2 22.9
8000 10.8 221
9000 10.4 21.2

10000 10.0 20.4

system when it is at rest. This would
be an “‘open’’ system. A closed sys-
tem is one in which no point in the
circuit is open to the atmosphere.
Typical of closed systems would be
ones handling high vapor pressure
liquids such as LP-Gas, anhydrous
ammonia, carbon dioxide, etc. An-
other example would be a ‘“‘sam-
pling” pump. This type application
involves drawing liquid from a high
pressure cross country pipe line,
forcing it through an analyzer and
then returning it to the pipe line
again.

On applications with high system
pressures, it is necessary to con-
sider the pump as a pressure con-
taining vessel even when it is not
operating. This means special con-
sideration must be given to the
strength of the pump casing, tight-
ness of gaskets, packing, ‘O’
rings, etc. Special consideration
must be given to any mechanical
seals or thrust bearings used in the
pump since they will be operating
with abnormally high loads. Even
for high system pressure applica-
tions, the job of the pump normally
is still to transfer or circulate the lig-
uid at a relatively low differential
pressure. See Figure 3.

System pressure is expressed in
pounds per square inch; the scale
depending on the user.

Working Pressure: (A) Pump
working pressure—This is the pres-
sure the pump must develop or
work against. It is synonymous with
differential pressure and would be
expressed in PSI; again the scale
would make no difference since it
would be the difference between
two readings on the same scale.

PAGE 3



FIGURE 3. Differential
and System Pressure
Values for Several
Typical Applications

GAGE A

/‘ /w DISCHARGE |
SUCTION ‘
RETURN LINE USED |
o= WITH A CLOSED SYSTEM
= — — - - — < — —
Gage Readings Differential System
: Pressure System :
Application Gage A Gage B | (pymp working Pressure | Working
(Suction)  (Discharge) pressure) Pressure
1. #2 fuel oil from
storage to de- 0 PSIG 35 PSIG 35 PSI 0 PSIG 35 PSIG
livery truck.
2. Propane at 65°F
from storage to 100 PSIG | 150 PSIG 50 PSI 100 PSIG | 150 PSIG
truck
3. Soybean QOil
from evaporator 2 PSIA | 50 PSIG 62.7 PSI* 2 PSIA 50 PSIG
to storage
4. Gasoline from
pipeline to ana-
lyzer back to 500 PSIG | 525 PSIG 25 PSI 500 PSIG | 525 PSIG
pipeline
*Note that suction is given in absolute and discharge in gage. It is necessary to get both readings
to same scale before subtracting to get differential.

(B) System working pressure —
This is the pressure on the high side
or pressure side of a pump. In the
case of an “‘open’’ system, the
“'system working pressure’’ would
be the same as ‘“‘pump working
pressure’’. In the case of a
‘“‘closed’’ system the ‘‘system
working pressure’’ would be the
suction pressure plus pump differ-
ential pressure. See Figure 3.

PRESSURE DROP: Pressure
drop is as the words indicate a de-
crease or drop in pressure between
two points in a pumping system.
Most frequent use of the term is
made in reference to the loss of
pressure caused by pipe friction.
Pipe friction is the resistance a lig-
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uid has to flow through a pipe. Pres-
sure drops have been calculated
and test checked for various capac-
ities of different viscosity liquids
through many pipe sizes. This test-
ing has been conducted over the
years by various pump companies
and independent testing groups.

By knowing the piping layout, the
capacity, the viscosity, and the spe-
cific gravity of the liquid, it is possi-
ble to predetermine the pressure
drop by use of charts, tables, etc.
Typical of the many tables available
today are the ones on pages 510.13
thru 510.16 of the Viking General
Catalog, Engineering Section 510.
The pressure drop value plus any
elevation change plus any pressure

required at the point of delivery of
the liquid determines the pressure a
pump must develop. This permits
accurate sizing of motors, relief
valve settings, etc.

Pressure drop as we use the
term is synonymous with pipe fric-
tion loss, friction loss and delta P
(A P). It is normally expressed in
PSI per foot or per 100 feet of pipe.

(2) SUCTION SIDE — TERMS

ALTITUDE: Altitude is not a term
one automatically thinks of when
considering the suction side of the
pump, but it can be of importance in
certain areas of the country. At-
mospheric pressure, as mentioned
during the discussion under general
terms, is a function of the altitude or
elevation of an installation. Table 3
shows the effect altitude has on at-
mospheric pressure. Usually alti-
tude is not of major concern, but
when working with installations in
mountainous areas, it should be
kept in mind, since there will be less
atmospheric pressure to push the
liquids into the pump.

TABLE 3.

Effect of Altitude on Atmospheric
Pressure and Barometer Readings
Altitude Atmospheric Barometer
Above Sea Pressure — Reading —
Level Pounds Per Inches of
in Feet Square Inch Mercury

0 14.7 29.93
1000 14.2 28.8
2000 13.6 27.7
3000 13.1 26.7
4000 12.6 25.7
5000 12.1 24.7
6000 11.7 23.8
7000 1.2 22.9
8000 10.8 22.1
9000 10.4 21.2

10000 10.0 20.4

NPSH — Net positive suction
head. Without question, NPSH is
one of the most confusing and mis-
applied terms encountered in pump
applications. In the past we have
encountered NPSH most frequently
as part of the information contained
on specification sheets covering
applications that can utilize centrif-
ugal pumps.

Constantly coming to our atten-
tion are inquiries for positive dis-



placement pumps to handle new
applications, as well as familiar
ones that have increasingly strin-
gent service conditions. In some of
these applications, such as pump-
ing from a vessel under vacuum,
filling aerosol cans with propellants,
transferring solvents from under-
ground storage, we have become
aware that close attention to the
suction conditions is a key to suc-
cessful pump performance. We
have always been concerned about
suction conditions on applications
involving our pumps, but those such
as mentioned above require even
more concern. Since net positive
suction head is involved with condi-
tions on the suction side of the
pump, it is natural that we are be-
coming more aware of and involved
with it.

Now that we can appreciate that
NPSH should be of concern on at
least some applications involving
positive displacement pumps, let’s
see if we can define, discuss and il-
lustrate it to a point where some of
us might have a better inkling as to
what it is. NPSH has been dis-
cussed and/or defined in textbooks,
in many magazine articles, in the
technical information of virtually all
centrifugal pump manufacturers,
and by several standards groups
such as the Hydraulics Institute,
American Institute of Chemical En-
gineers, and so forth.

As a basis from which to start
learning what it is, let’s consider the
definition as found in many of the
references. The definition is one
taken from centrifugal pump refer-
ences since NPSH is seldom dis-
cussed in positive displacement
pump literature.

“Net positive suction head is the
total suction head in feet of liquid
absolute determined at the suction
nozzle and corrected to datum, less
the vapor pressure of the liquid in
feet absolute.” To get some of the
centrifugal pump terms and refer-
ences out of this definition, we offer
the following as slightly easier to
understand for people familiar with
positive displacement pumps.
“NPSH is the total suction head in
feet of liquid absolute at the suction
port, less the vapor pressure of the
liquid."

Taking the phrase ‘‘net positive
suction head” word by word may
help shed some light on it.

Head — One means of indicat-
ing pressure, usually in feet of liquid
being pumped.

Suction head — Head at the
suction port of the pump.

Positive suction head — Posi-
tive or plus, as opposed to negative
or minus, means that the suction
head must always be a positive
term. Since many applications in-
volve a vacuum at the pump (nega-
tive gage pressure), we must al-
ways use the absolute pressure
scale (a perfect vacuum equals
zero absolute pressure) to assure a
positive value. See Fig. 4.

ATMOSPHERIC
PRESSURE

25

Perfect
29.92
Vacuum

FIGURE 4. Comparison
Between Absolute and Gage
Pressure Scales

NOTE: To convert pressure in psi to feet
of liquid multiply by 2.31 and divide by
specific gravity of the liquid.

To convert inches of mercury to feet of
liquid multiply by 1.13 and divide by

specific gravity of the liquid.

Net positive suction head —
Net, here as with your income,
means what is left of a gross
amount after certain deductions or
additions. In the case of NPSH, the
‘‘gross’’ is the absolute pressure at
the surface of the liquid in the sup-
ply tank. One deduction is the liquid
vapor pressure; another is the
pressure drop due to pipe friction
losses in the suction line; a third
deduction is the static suction lift
(vertical distance in feet); if there is
a static suction head it is an addi-
tion. After these deductions and ad-

ditions we are left with the net
positive suction head.

Since there are several terms
tied together to make the phrase
net positive suction head, it is easy
to see where some of the confusion
comes from. To make the situation
even more resistant to clear
understanding, we find that there
are two types of NPSH — NPSH
available (NPSH,) and NPSH re-
quired (NPSH,).

NPSH. — Net Positive Suction
Head available is a function of the
suction piping system, the operat-
ing conditions and the liquid
pumped. For a system at the design
stage or for one in existence, it can
be calculated.

By formula
NPSHa =Ha + H; — Hyp — Hy.
Where
a =absolute pressure on the sur-
face of the liquid in the supply
tank expressed in feet of liquid
pumped.

H. =vertical distance in feet from
the surface of the liquid in the
supply tank to the centerline of
the pump suction port. If liquid
is below centerline, this value
is negative.

Hy, =absolute vapor pressure of lig-
uid at pumping temperature
expressed in feet of liquid
pumped.

H¢ =friction losses in suction piping
expressed in feet of liquid
pumped.

Remember!!! All values must be
expressed in the same units; feet of
liquid pumped.

We will calculate the NPSH, for
three typical installations to show
how the formula is applied. Values
for vapor pressures, line losses,
etc. are approximate and meant for
illustration only.

INSTALLATION 1.
NPSHa =Ha + Hz — Hyp — Hs.
Ha =absolute pressure on liquid.
= atmospheric pressure in feet of
liquid.
=(14.7 PSIA) (2.31' H,O/PSI)
0.88 S.G. of Fuel Qil
H. =38.8 feet of fuel oil.
H, =distance from liquid level to

port center line. Liquid is below
pump, so this value is negative.

H; = —10 feet of fuel oil.
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INSTALLATION 1.
No. 2 Fuel Oil, 90 GPM,
75°F., sea level installation,
S.G. 0.88, 38 SSU viscosity.

Hvo =vapor pressure of fuel oil at
75°F. in feet of fuel oil abso-
lute.

Hy =1 foot of fuel oil (estimate).

H¢ =suction line loss in feet of fuel
oil.

Hr =2.9 feet of fuel oil (see

" pressure loss charts in Sec.
510 of Viking General catalog).
NPSHa =Ha(38.8) + H (—10) —
Hvp(1) — Hi(2.9).
NPSH, =24.9 feet of fuel oil.

INSTALLATION 2.
NPSHa = Ha + Hz = va - H1~
2 =absolute pressure at surface of
liquid.
=atmospheric pressure + va-
por pressure.
=14.7+100.7 =115.4 PSIA.
=(115.4 PSIA)(2.31" H,O/PSI)
0.50 S.G.
H. =533 feet of LP Gas.

H, =distance from liquid level to
port centerline.

INSTALLATION 2.
LP Gas (Propane), 65°F, 30
GPM, S.G. 0.50, viscosity 0.1
cps, vapor pressure 100.7 psig.

PAGE 6

H, =4

Hyp =vapor pressure of LP Gas at
65°F. in feet of LP Gas ab-
solute.

Hy,, =533 feet of LP Gas.
Hvp equals Ha just calculated;
they will cancel each other in
the formula.

Hi =suction line loss in feet LP Gas.

=from typical LP Gas truck in-
stallation described in Viking
TS-12A.

Hi =1.5feet of LP Gas.

NPSHa* = Ha(533) + H,(4) — Hyp(533)
— Hi(1.5).

NPSH, =2.5 feet of LP Gas

*Note that for a liquid at its boiling point the
Ha and Hyp terms cancel each other and that
NPSHa equals H; —Hs. Difference in eleva-
tion minus line losses.

INSTALLATION 3.

NPSHa = Ha + Hz - Hyp — Hs.
Ha =absolute pressure at surface of
liquid.
=("Hg abs.)(Ft H,O per "Hg)
S.G.
Ha =(29.9—24.0) (1.133)
0.88

INSTALLATION 3.
Soybean Oil, 240°F., 40
GPM, S.G. 0.88, viscosity 40
SSU, pumping from a vacuum
still at 24” Hg.

2" LINE
4' LONG

Ha =7.6 feet of soybean oil.

H; =distance from liquid level to
port centerline.

H; =6"
Hyp =vapor pressure of soybean oil
at 240 °F.

Hy, =1 foot (estimate) of soybean oil.

H; =suction line loss in feet of soy-
bean oil. Ref. Sec. 510 of Vi-

king General Catalog for line

loss charts.
H; =0.1 foot of soybean oil
(approx.).
NPSHa =Ha(7.6) + Hz(6) — Hyp(1)
—Hi(0.1).

NPSH,; =12.5 feet of soybean oil.

The procedure followed in deter-
mining the NPSH, for these three
typical installations gives an idea of
how the data given on a pump
specification sheet is arrived at. For
a system in operation, NPSH, can
be determined by taking pressure
and temperature readings at the
suction port flange, by then figuring
head and vapor pressure, and plug-
ging the information into still
another formula. We will not go into
this formula at this time.

Why all the fuss about NPSH
available? Because: all pumps have
an NPSH required. All pumps have,
as a result of their particular princi-
ple and design, an internal pressure
drop from their suction port into
their pumping element(s).

If the pressure provided at the
suction port by the system (NPSH,)
does not equal or exceed this inter-
nal pressure drop, the liquid in the
pump will flash (pump will cavi-
tate*). The pressure necessary at
the pump suction port to keep the
pump from cavitating is called the
net positive suction head required,
NPSH..

So, every pump has an NPSH re-
quired. The next logical question is
“How much is required?’’ This can
only be determined accurately by
tests.

As indicated before, it is only
recently that there has been a
growing awareness of the need for
NPSH required information on
rotary pumps. (For more informa-
tion on NPSH, refer to AD-19).

SUBMERGENCE: One of the
technically correct definitions of
submergence is ‘‘the vertical dis-
tance from the surface of a liquid to
the suction port of a pump that is
submerged in the liquid being

*Cavitation can cause a loss in capacity,
noise, vibration and rapid wear.



pumped.” It is also used occa-
sionally to indicate the height of lig-
uid above the suction port when the
pump is outside of the tank. We
have heard of submergence being
used in this way in connection with
ammonia refrigeration systems, or
on other systems involving a liquid
with a high vapor pressure where it
is necessary to have several feet of
liquid above the pump to prevent
cavitation.

SUCTION: Suction per se can
have several definitions, (1) the inlet
to a pump, (2) the movement of a
liquid as the result of reducing the
pressure over some part of its sur-
face, (3) the entire system of piping,
valves, etc. from the supply tank to
the pump. Suction encompasses
everything on the inlet side of the
pump. To cover a specific facet of
the inlet condition, suction is often
used in conjunction with other
terms, e.g., suction piping, suction
port, suction head, suction lift, etc.
The first of these terms are pre-
sumed to be self-explanatory; suc-
tion lift and suction head often take
some explanation.

Suction Head: (static suction
head) The vertical distance in feet
between the liquid level in the sup-
ply tank and the centerline of the
pump suction port when the liquid is
above the pump. See Figure 5. This
is the condition known as flooded
suction. We expect flooded suction
conditions to present no problems,
but, even with a static suction head,
we cannot neglect pressure drop
through the piping. When pumping
a viscous liquid it is possible even
with a static suction head to starve
the pump because of excessive
pressure drop through the piping.
Total suction head is equal to the
static suction head minus the pres-
sure drop through the line. It is our
procedure when making suction
head calculations to neglect veloci-
ty head because it is quite small.
When figuring total suction head,
be sure all factors are in the same
pressure units.

Suction Lift: (static suction lift).
The vertical distance in feet be-
tween the liquid level in the supply
tank and the centerline of the pump
suction port when the liquid is

PUMP
FIGURE 5. Static Suction Head

below the pump. See Figure 6.
Under these conditions the pump
has to "lift” the liquid to the suction
port by creating a vacuum. In addi-
tion to the lift to overcome the dif-
ference in elevation, the pump must
develop enough lift to overcome the
pressure drop through the piping.
These two combined are known as
the total suction lift. Remember —
everything has to be in the same
units.

Engineering Section 510 of the
General Catalog has some addi-
tional discussion on suction.

VACUUM: Nothing, in its truest
sense; that which nature abhors;
empty or devoid of matter, par-
ticularly air; a space, part of a pip-
ing system or a pump port that con-
tains a pressure less than that of

STATIC SUCTION LIFT

FIGURE 6. Static Suction Lift

the surrounding atmosphere. If a
vessel or liquid is “‘under vacuum’’
it means that the pressure on the in-
side of the closed vessel or at the
surface of a liquid in a closed ves-
sel is less than that of the surround-
ing atmosphere.

A vacuum can be developed in
many ways. Any one of you can de-
velop a vacuum. As you suck a malt
through a straw, you are creating a
vacuum. The reduced pressure in
your mouth lets the air pressure on
the surface of the malt push some
of it through the straw into the
vacuum in your head. Some of us
seem to be exceptionally well
equipped to drink heavy malts. For
industrial purposes there is a wide
variety of devices for creating vac-
uums, e.g., rotary vane or rotary
piston vacuum pumps, steam, wa-
ter or air ejectors, diffusion pumps,
etc. In a positive displacement gear
pump the vacuum is created by the
separation of the gear teeth. With
close running clearances, the tooth
spaces as the gears come out of
mesh are devoid of matter; they
create a vacuum. The amount of
vacuum created is dependent on a
number of factors, e.g., viscosity,
pressure, speed, running clear-
ances.

By what units is vacuum mea-
sured? This again is an area of
some confusion since it can be
measured from either end, i.e.,
from atmospheric pressure as a
zero point, or from an essentially
perfect vacuum as a zero point. Of
the many units used to measure
vacuum, the following are the most
frequently used:

Inches of Mercury: ("Hg) —
Zero point for the "Hg. scale is at-
mospheric pressure. Atmospheric
pressure at sea level is equivalent
to the pressure exerted by a column
of mercury 29.9” high. If a vacuum
is created in a closed vessel so that
the pressure in that vessel will sup-
port a column of mercury only
28.9" high, a vacuum of 1" Hg. is
said to exist. If a vacuum is created
so that a column of mercury only
19.9” high is supported, a vacuum
of 10" Hg. (29.9 minus 19.9) exists.
This is the most common unit of
vacuum measurement used by
manufacturers of liquid transfer
equipment. Most vacuum gages
readily available to industry also
use the "Hg. scale.

Micron: (micron of mercury, u)
— one millionth part of a meter, or
one thousandth part of a millimeter.
Micron is used as a unit of measure
for only the very highest of vac-
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uums, such as encountered in sci-
entific or space investigation. The
zero point for vacuum measure-
ment using microns is a perfect
vacuum. With present-day labora-
tory vacuum equipment it is pos-
sible to create vacuums in which
the absolute pressure is less than
10-¢ microns of mercury.

Millimeters of Mercury: (mm
Hg.) — one thousandth part of a
meter or one thousand microns.
Millimeters of mercury are often
used in weather bureau work to
designate atmospheric pressure;
760 mm Hg. is normal (equal to
29.9" Hg.). Zero point for the mm
Hg. vacuum scale is a perfect vac-
uum; as the vacuum becomes
greater, the mm Hg. value becomes
less. Vacuums of 10-* mm Hg. are
quite common in some industries.
Vacuums of 5 to 25 mm Hg. over
the liquid in evaporators or de-
aerators are not uncommon in
pumping applications. Often to
eliminate any possible confusion
the readings are given as mm Hg.
absolute. Converting *mm Hg. to
"Hg. and then subtracting from
29.9 gives the vacuum in the vessel
in "Hg. A pump attached to a suc-
tion line drawing liquid from the sur-
face of a vessel with 25 mm Hg.
vacuum would have to develop a
vacuum in excess of 28.9" Hg. to
get the liquid to flow to the pump.
The only practical way to move the
liquid from such a vessel is to lo-
cate the pump several feet below
the surface of the liquid so there is
a head of liquid above the suction
port of the pump. For further dis-
cussion, see page 10 —'‘Pumping
from a Vessel under High Vacuum.”

PSIA: (pounds per square inch
absolute). Vacuums measured in
PSIA use perfect vacuum as a zero
point. 14.7 PSIA is atmospheric
pressure. Occasionally all pressure
units in a system are expressed in
PSIA. Anything less than 14.7 PSIA
is a vacuum; to get to "Hg. vacuum,
convert the **PSIA vacuum read-
ing to "Hg. and subtract from 29.9"
Hg.

Torr: a contraction of the name
of Torricelli. Evangelista Torricelli,
an ltalian physicist (1608-1647), dis-

*25.4 millmeters = 1 inch.
**1 PSI = 2.04" Hg.
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covered the principle of the barom-
eter. In his honor the mm Hg. pres-
sure unit is known as the Torr. Any
vacuum or pressure expressed as
so many Torr is equivalent to the
same number of mm Hg.

The degree or amount of a vac-
uum is sometimes broken down in-
to rather general terms to give an
indication of how high the vacuum
is. A low or rough vacuum is any-
thing between 760 and 25 mm Hg.
(up to approximately 28.9" Hg.), a
medium or fine vacuum is anything
between 25 and 10* mm Hg. and
anything below 10* mm Hg. is a
high or ultrahigh vacuum. Pumps
used to transfer liquids are seldom
involved with anything but low vac-
uums. Equipment specifically de-
signed for creating a vacuum is
used when medium and high vac-
uums are required.

Table 4 shows the relationship
between the various vacuum scales.

VAPOR PRESSURE: the pres-
sure exerted by the vapors of a con-
fined liquid. This pressure is a func-
tion of the liquid and its tempera-
ture.

Liquids such as water and fuel oil
that can be left in an open container
at ambient temperatures have a va-
por pressure less than atmospher-
ic. This vapor pressure is normally
expressed in mm Hg. Liquids such

as LP-Gas and ammonia that must
be stored in closed containers have
vapor pressures greater than at-
mospheric. This vapor pressure is
normally expressed in PSIG or at-
mospheres.

For fuel oil and like liquids, the
vapor pressure can be measured
by putting some of the liquid above
the mercury in a barometer and not-
ing the depression of the mercury
column. For LP-Gas and similar lig-
uids, the vapor pressure can be de-
termined by reading a gage attached
to the vapor section of a partially
filled enclosed container.

The vapor pressure of several
common liquids at 100°F. is as
follows: xylene 16 mm Hg., water
47 mm Hg., toluene 54 mm Hg.,
acetone 391 mm Hg., butane 37
PSIG, and propane 170 PSIG.

An area where vapor pressure
plays an important part in our every-
day lives is in connection with auto-
motive gasolines. The vapor
pressure at 100°F. for a summer
gasoline is approximately 9.5 PSIA,
while for winter gasoline it is around
13.5 PSIA. The lower vapor pres-
sure for summer gasoline tends to
keep it from vapor locking in the
summer heat. The higher vapor
pressure for winter gasoline helps it
vaporize in the carburetor at winter-
time temperatures.

The vapor pressure of the liquid
is of definite concern when consid-



ering a pumping installation. If the
pump must create a vacuum that
results in an absolute pressure less
than the vapor pressure of the lig-
uid, the liquid will tend to vaporize in
the suction line and in the suction
port of the pump. This formation of
vapor on the suction side of the
pump reduces capacity and can
cause vapor lock. The subsequent
collapse of the bubbles on the dis-
charge side causes noise and vibra-
tion. This formation of vapor and its
collapse as the liquid goes through
a pump is known as cavitation.
Vapor pressure is of concern.

(3) DISCHARGE SIDE — TERMS

Terms used in describing condi-
tions on the discharge side of a
pump are normally not as trouble-
some or difficult to understand as
those on the suction side. Part of
this, of course, is due to the fact
that the limits within which we can
expect good pump performance
are much broader with regard to
pressure.

Most of the discharge side terms
have been at least partially defined
under general terms or suction side
terms, so we will not spend much
time on them.

DISCHARGE HEAD — Dis-
charge head is the discharge pres-
sure expressed in feet of water (nor-
mally) or feet of liquid pumped that
a pump must develop to meet the
requirements of the system. In nor-
mal use, discharge head is synony-
mous with total discharge head.

Static Discharge Head — Pres-
sure at the discharge port when the
pump is not operating. This head or
pressure is equal to the difference
in elevation between the discharge
port and the point of free discharge
of the liquid and is expressed in feet
of water, feet of liquid pumped or
PSI. Any pump must be able to de-
velop a pressure greater than the
static discharge head before it can
move any liquid through the system.

Total Discharge Head — Total
discharge head is equal to the sum
of the static discharge head and the
friction head or line loss in the dis-

charge piping. It is most frequently
expressed in PSI| for positive dis-
placement pumps. In normal use,
the term discharge head is under-
stood to mean total discharge head.

DISCHARGE PRESSURE —
Same as discharge head, i.e., pres-
sure a pump must develop at its
discharge port to meet the require-
ments of the system. Normally ex-
pressed in PSI.

Of the many units used to ex-
press discharge pressure, the fol-
lowing are some of the most com-
mon (see Table 1, Page 3 for the
factors necessary to convert from
one unit to another):

Atmospheres — Atmospheric
pressure, earlier defined as being
the absolute pressure of the atmos-
phere at sea level, has a value of
14.7 PSIA. Thus a discharge pres-
sure expressed in atmospheres is
actually being expressed in multi-
ples of 14.7 PSI. Atmospheres can
be converted to PSI by multiplying
by 14.7. A discharge pressure ex-
pressed as 10 atmospheres is
equal to a pressure of 147 PSI.

Feet of Water — A means of ex-
pressing discharge pressure by ty-
ing it to the pressure exerted by a
column of water. A column of water
1" on a side and one foot high ex-
erts a pressure on the one square
inch of area at its base of 0.433 PSI.
This is frequently a convenient con-
version factor to bring to mind. If
you should forget, you can always
recalculate it by remembering that
a cubic foot of water weighs 62.4
pounds, and that this weight is sup-
ported by an area of 144 square
inches. Thus, if the 62.4 pounds is
supported by an area of 144 square
inches, the 62.4 divided by 144
gives us the conversion factor of
0.433 mentioned above.

When making calculations on lig-
uids other than water, it is neces-
sary to multiply by the specific
gravity of the liquid to convert to
head in feet of water. A 100" head of
LP-Gas with a specific gravity of 0.5
is equivalent to a head of 50’ of
water. Thus, you can see it is impor-
tant when expressing head in feet
that the particular liquid involved be
known, or that the head be specifi-
cally stated as being feet of water.

A discharge pressure expressed
as 100’ of water is equal to 100 X
0.433 or 43.3 PSI.

Kilograms per Square Centi-
meter — This is the normal means
of expressing pressure in the metric
or cgs system. A kilogram is equal
to 2.2 pounds and there are 6.45
square centimeters per square
inch, so the conversion from kilo-
grams per square centimeter to PSI|
is Kg/sg. cm. x 14.2 = PSI. Thus
10 Kg/sg. cm. = 142 PSI.

Meters of Water — Another
means of expressing pressure fre-
quently used in Europe is the meter
of water. This is the same idea as
feet of water except the column is
one meter (39.34") high instead of
one foot. The conversion factor for
converting from meters of water to
PSl is 1.42 (39.34 12 x0.433).
Thus a discharge pressure ex-
pressed as 10 meters of water is
equal to 14.2 PSI.

Pounds per Square Inch —
Pounds per square inch is the most
common unit of measure used for
expressing discharge pressure
when working with positive dis-
placement pumps. Pounds per
square inch or PSI is understood to
be pounds per square inch gauge
unless otherwise indicated. All Vi-
king performance curves, catalog
limitations, pressure drop charts,
etc. are based on PSI (gauge). If the
discharge pressure is expressed in
pounds per square inch absolute,
remember to subtract 14.7 PSI to
get the pressure in PSIG.

(4) APPLICATIONS

The types of applications
covered are listed in box (4), Figure
1, Page 2.

(A) PUMPING WITH A SUCTION
LIFT. (See left-hand portion of dia-
gram in Figure 1, Page 2).

What should we be concerned
about when pumping with a suction
lift? At least the following: actual
distance in feet between the liquid
level and the pump suction port
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(static suction lift),* the vapor pres-
sure of the liquid at the pumping
temperature, the diameter of the
pipe, the number of fittings and
valves in the pipe line, the length of
horizontal pipe, the viscosity of the
liquid (pipe size, pipe length, num-
ber and type of fittings and liquid
viscosity, plus capacity would per-
mit calculating pressure drop), the
altitude of the installation, if any,
etc.

While it often appears to be ade-
quate for a customer to advise that
there is a 10" suction lift on his ap-
plication, there are times when
knowing only this much about the
application can lead to difficulties
because we have no information on
the points listed above.

Common applications involving
suction lifts are: (1) Pumping fuel
oils and solvents from underground
storage tanks. (2) Pumping oils,
syrups, and fish solubles from
storage tanks located on a floor
below the pump.

General comments: (1) If the
ability of a pump to lift the liquid
from the bottom of a buried circular
tank (long axis horizontal) is margi-
nal because of the depth of the
tank, we often consider that the bot-
tom quarter of the tank diameter is
below the normal liquid level, since
the tank would be almost empty. If
the customer should pump out this
part of the tank and the pump was
to be a little noisy, it would probably
not be objectionable for the short
period of time involved and would
not be particularly harmful to the
pump. (2) An item of concern when
pumping from buried tanks is the
temperature of the liquid. A buried
tank does not have a very wide tem-
perature range, but the pump often
is exposed to atmospheric ex-
tremes. Depending on the liquid,
the pump may have to start with an
extremely viscous liquid in it during
cold weather, or it may become
vapor bound when starting in hot
weather. (3) Regardless of how
desirable it is to know all the details
when working with a suction lift,
often the time and effort spent in
getting this information is not
justified when reasonable assump-
tions can be made. Many times

*Any italicized terms have been defined
earlier in this article.
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when the name of the liquid is given
and a temperature can be approxi-
mated, we can determine the ap-
proximate viscosity and vapor pres-
sure involved. In most instances it
is safe to assume that the pipe size
will be the same as the port size of
the pump, and that the horizontal
run does not exceed the vertical run
of piping; also that there probably
are no more than two elbows and
one gate valve in the suction piping.
If with these basic assumptions,
calculations indicate that the pump
is required to develop no more than
10 to 15" Hg. vacuum, and that the
liquid will not vaporize in the pump
under the vacuum conditions calcu-
lated, we would feel reasonably
safe in making a pump recommen-
dation. It is wisest whenever there
is any doubt on the details of the
suction side conditions to get the
exact information; where this is im-
practical, make logical assump-
tions and then state the assump-
tions on which the pump recom-
mendation is based so there will be
no misunderstanding.

(B) PUMPING HIGH VAPOR PRES-
SURE LIQUID. (See Figure 7.)
What should we be concerned
about when pumping a high vapor
pressure liquid? At least the vapor
pressure of the liquid at the pump-
ing temperature, the viscosity, the
submergence or the height (H) of
the liquid level above the suction
port, the size of the suction pipe,
the length of pipe, the number and
type of fittings in the suction line,
the specific gravity of the liquid, the
pressure on the discharge side of
the pump (system working pres-
sure), the differential pressure
across the pump, etc. If the Net

PRESSURE GAUGE

FIGURE 7.

Positive Suction Head available
(NPSH,) is given, additional infor-
mation about the suction side is not
necessary.

If a customer was to call in and
say he had a 4" head of liquid on his
pump and that it was noisy, we
might be hard pressed to determine
the cause unless he gave some
details we should know about as
outlined above. Too high line loss
may be the problem. To paraphrase
an old cliche, there's many a (pres-
sure) drop between the sump and
the pump.

Common applications involving
pumping high vapor pressure lig-
uids are: (1) Transfer of LP Gases
such as propane and butane. (2)
Low pressure transfer or recircula-
tion of refrigeration ammonia. (3)
Filling aerosol bombs with fluoro-
carbon propellants (such as Freon,
Genetron, Isotron, etc.)

General comments. The main
key to successful pump operation
when handling a high vapor pres-
sure liquid is to get the liquid to the
pump without having it boil or
vaporize. In other words, make sure
the NPSH. is greater than net
positive suction head required. Use
piping larger than the pump port;
use full open valves (never globe); if
a strainer is used, be sure it is big
enough so there is negligible pres-
sure drop; keep the inlet to the suc-
tion away form turbulent spots in
the sump or supply tank; avoid heat
pickup from the atmosphere, from
internal valves, or from excessive
slip because of high operating
pressure; bleed the lines before
restarting a pump to keep from
vapor binding the pump; where
possible, provide 4 feet or more of
liquid above the pump. All of these
points are aimed at increasing the
NPSH,. Additional information on
high vapor pressure liquid applica-
tions can be found in the Viking
General Catalog Sections 420 and
440 and Application Data Sheets
AD-2 and AD-19.

(C) PUMPING FROM A VESSEL
UNDER HIGH VACUUM. (See
Figure 8).

What's to be concerned about
when pumping from a high vac-
uum? The height (H) of the liquid
above the pump, the size, length



and make-up of the suction line are
of concern just as with high vapor
pressure liquids. The vapor pres-
sure is not normally of too much
concern, since often the function of
a vessel under a high vacuum is to
remove vapor or boil or distill off a
portion of the liquid; thus unless the
pump has to develop a vacuum
higher than that over the liquid,
there is no chance of vaporizing at
the pump. The viscosity is of impor-
tance on such applications since it
can vary from very thin to highly
viscous, depending on the nature of
the process. And finally, the actual
vacuum over the liquid in the vessel
is of prime concern. It may be ex-
pressed in any one of several ways,
e.g., "Hg., u, mm, etc.

\
VACUUM

It is not necessary to shy away
from an application involving 28 or
29" Hg. just because the pump may
not deliver significant capacity
when developing this vacuum. By
understanding the system and how
to locate the pump, this type ap-
plication can be handled satisfac-
torily.

Typical applications involving
pumping from a vessel under high
vacuum are: (1) soybean oil proc-
essing, (2) removing the water
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vapor from syrups and candies, (3)
degassing transformer oils, (4) dry
cleaner stills.

General comments. (1) One
point to remember when pumping
from a high vacuum is that the
pump is at the low point in the sys-
tem and therefore is always wetted.
It does not have to evacuate a line
full of air or vapor as it does when
pumping with a suction lift. With the
pump always wetted and no appre-
ciable danger of vaporizing at the
pump, it is possible to operate satis-
factorily with higher than what
would be considered normal vac-
uum at the pump. (2) When pump-
ing a viscous material from a vessel
under vacuum, be sure that the
pressure gained by evaluation is not
more than offset by pressure drop
through the line. This can be avoid-
ed by using sufficiently large pipe or
lower flow rates.

(D) PUMPING IN A SYSTEM HAV-
ING A HIGH INTERNAL PRES-
SURE. (See Figure 9).

What points should be given
special attention when pumping
with high system or high internal
pressures? Basically the same

points as when pumping high vapor
pressure liquids, except there is no
tie between the pressure and the
particular liquid or temperature,
since pressure is a function of
some outside force rather than va-
por pressure. Because the pressure
may be higher than expected with a
positive displacement transfer
pump, particular attention should
be given to the construction from
the standpoint of pressure tightness
and strength.

If a customer inquires about a
pump for an application with only a
25 PSI differential pressure, but a
500 PSI system pressure, do not as-
sume because of the low differen-
tial from suction to discharge that
any pump can do the job. Before a
pump could be considered for such
an application it should at least
have a balanced seal, O’ ring
gaskets, plus possibly a heavier
thrust bearing.

Typical applications involving a
high system pressure are (1) pipe
line sampling, (2) a system pres-
surized with gas or some other
force with the pump being used to
meter or circulate. A general com-
ment on this type of system is: ‘‘Be
Carefull "
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