Accurate Metering of Butane and Propane
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BUTANE-PROPANE News

SUBJECT of growing import-

ance is that of properly safe-
guarding meter accuracy in the
measurement of butane and pro-
pane in both bulk plant and
tank truck installations. Careful
consideration must be given
to the piping layout and particu-
larly to proper provision for the ne
ceszary elimination of vapor bub-
bles before passage of the liquid
through the measuring chamber of
a positive displacement volumetric
meter. Where this is not done, and
it is possible for any appreciable
volume of vapor to pass through
the meter, such vapor will, of
course, be measured the same as
that much additional volume of
liquid. This results in a false regis-
tration, greater than would be
represented by the actual volume of
liquid delivered.

Due to the unavailability of any
especially designed LP-Gas meter-
ing equipment, it has so far been
the practice to adapt substantially
standard gasoline metering equip-
ment to this service, including so-
called ‘“‘air eliminators,” restyled
as “vapor eliminators.”

There. is no reason why the
meter measuring mechanism itself
need be materially changed, except
to give due consideration to the

FIG. 1—Type A Diaphragm Back Pressure
Valve., Valve (1) is normally closed under
pressure of spring (2). Space (3) above
flexible diaphragm (4) is placed under
pressure from tank through connection (5)
(see Fig. 3). Fluid entering valve inlet
(6) passes through drilled port (7) filling
space (8) below diaphragm (4). Fluid
pressures above and below diaphragm ‘are
thereby normally balanced. However, when
pump is started and pressure below the
diaphragm reaches a desired pre-deter-
mined pressure in excess of normal tank
pressure, or that above the diaphragm,
valve (1) is lifted against the tenmsion of
spring (2) and fluid is permitted to pass
through vaive to outlet (9). The exact
differential pressure which is developed be-
fore valve opens is determined by the
tension of spring (2). Spring pressure
may be adjusted by screw (10) which is
secured in position by locknut (11). Cap
(12) prevents leakage around adjusting
screw threads, and may be sealed to pre-
vent tampering. Outlet hose is protected
against excessive pressures which may be
developed through sun heat, etc., by re-
lief valve (13). However, valve (2) in
itself will normally afford adequate relief
protection when the spring tension is prop-
erly proportioned to the valve area.
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fact that butane and propane have
a liquid viscosity of about one-
tenth that of gasoline. This makes
it imperative that the meter will
operate under the lowest possible
head pressure and that slippage
clearances be reduced to a mini-
‘mum. One important feature, ap-
parently overlooked by some meter
manufacturers, is the advantage of
having the incoming fluid enter
through the top of the metering
device, instead of at the bottom.
This is so as to permit any vapor
which may have accumulated in
the meter, between operations, to
pass upward into the vapor elimi-
nator and so insure an initial solid
liquid content of the meter.

The elimination of vapor bubbles
or vapor pockets in an LP-Gas sys-
tem is quite a different problem
than that of the elimination of air
such as may be entrained in a gas-
oline stream. Particular attention
will be given in this article to a re-
view of just what differences do
exist in these two problems, and
why, in the opinion of the writer,
the “air eliminator” developed for
the separation of air from gasoline
may be a somewhat superfluous
item in an LP-Gas metering setup.

The reason that air gets into the
gasoline line is that gasoline is
handled under atmospheric pres-
sure. Under these conditions tanks,
pipe- lines, valves and hose connec-
tions become filled with air after
each complete tank discharge. This
air, lying in pockets throughout
the system, can then very readily
be drawn into the gasoline stream
during the discharge of the suc-
ceeding load.

Air Separation is Vital in Gasoline
Metering

The separation of this air, prior
to passage of the liquid through
the meter, therefore, becomes a
subject of the greatest importance.
And such air elimination can only
be accomplished by actually block-
ing the liquid flow to slow it down
when necessary, and so permit time
for the air bubbles to rise-and
separate out in a so-called “elimin-
ator pot,” from which the air may
be released by a ball float and
valve mechanism back to the tank.

On the other hand, in the case
of butane and propane, operating
pressures are far above atmospher-
ic, and it is therefore normally im-
possible for any air to enter the
system. Nevertheless, we will have
tne formation of vapor bubbles or
gas pockets at almost any point in
the flow stream should there be
even the slightest reduction of
pressure to below the pressure in
the supply tank. And as has been
previously mentioned, the passage
of such vapor bubbles through the
meter would result in over-regis-
tration, the same as would be the
case with air bubbles in gasoline
metering. For this reason some
positive means of vapor elimina-
tion must be provided, if we are to
be assured of accurate metering.

There are today two types of
back pressure valves which have
come into use to perform this func-
tion. One type is commonly re-
ferred to as the diaphragm -back
pressure valve. This device is il-
lustrated in Fig. 1 and designated
as Type A. Its position in the com-
plete assembly is diagrammatically
shown at A, Fig. 3. A brief de-
scription of its operation is given
with the drawings.

It will be seen that this valve is
designed to maintain a uniform
increase of the pressure within the

7722

FIG. 2— Type B Spring-Loaded Check
Valve. This drawing is merely schematic
to show the general principle involved in
this type valve. Many variations in form
are possible. Valve (1), guided on fixed
pin (2), is normally closed under pressure
of spring (3). Shoulder (4) requires valve
to lift high above valve seat, so avoiding
chatter. Fluid enters through valve inlet
(5), and establishes a pressure below
valve (1) sufficient to overcome spring
loading, plus fluid or vapor pressure above
valve. Fluid then passes to upper part of
valve housing and is discharged through
port (6). Reference to Fig. 4 will show
position of this valve in the complete as-
sembly line.

meter over the pressure in the
supply tank. It is located on the
meter ‘“down stream,” and even
though the discharge line beyond
this valve -were to be completely
open to atmosphere, no liquid could
pass through this valve except
under conditions where the 10 Ib.
or other desired pressure differen-
tial is first established within the
meter and its measuring chamber,
above that existing in the supply
tank.

Vapor Eliminated by Pressure

How is the elimination of such
vapor to be effected? Very simply,
by placing the meter intake under
a positive pressure somewhat great-
er than the normal vapor pressure
developed by the fluid within the
supply tank. This excess pressure
in the meter section of the flow
line will result in the instant col-
lapse of all vapor which might
otherwise exist.

How much pressure must be
raised to collapse all the LP-Gas
bubbles? Just enough to be in ex-
cess of the vapor pressure in the
supply tank. Or, it might be better
to say, to a pressure equal to the
vapor pressure of the fluid at the
temperature under which it exists
in the meter or intake lines. And
to be safe we should figure that a
few pounds more might be re-
quired because, in the passage of
the liquid through the meter, there
may be sharp edges, or changes in
sectional area of the passages, suf-
ficient to cause pressure reduc-
tions. All in all, an increase of 5
to 10 lbs. above the tank vapor

pressure proves, in practice, to be
a very satisfactory margin.

But this 5 to 10 lbs. excess pres-
sure, which must be maintained,
should always be based on the pres-
sure within the supply tank, and
not be established on the basis of
a definite arbitrary pressutre, or
on the basis of the pressure exist-
ing in the outflow line. For exam-
ple, if we are handling 1009, pro-
pane under 80° F. tank tempera-
ture, we will have a gauge vapor
pressure in the tank of 128 Ibs.
(See LP-Gas pressure-temperature
tables). In this case, we need to
withhold the flow until the pres-
sure within the meter is approxi-
mately 10 lbs. higher, or 138 lbs.
gauge.

In another case, if we are meter-
ing a butane-propane mixture
which at a certain temperature is
under a tank pressure of 80 lbs.
gauge, we want the pressure with-
in the meter held up to 90 1bs. be-
fore flow starts. And if, on another
day, the atmospheric temperature
rises so this same fluid shows a
tank pressure of 90 lbs. gauge, our
meter pressure must be held to
100 lbs.

Excess Pressure Held to 10 Lbs.

In each case above, it will be
noted that the pressure in the
meter is held to 10 lbs. greater
than the pressure which has been
established in the supply tank, in
accordance with the type of fluid
and the tank temperature. This is
an assurance that all vapor bubbles
and gas pockets will be collapsed
and the fluid contents reduced to
solid liquid before passage from
the meter.

Pump Must Be Operating

In other words, no discharge
could take place until the pump
was started and such excess pres-
sure developed as may have been
found necessary to collapse all pos-
sible vapor pockets, and so insure
accurate measurement.

A second type of back pressure
valve which is recently coming into
quite general acceptance is illus-
trated as Type B in Fig. 2. Its
position in the complete assembly
is diagrammatically shown at B,
Fig. 4. This valve is, in effect,
merely a spring-loaded check valve,
similar in design to that usually
provided as a by-pass or relief valve.
These valves are sometimes sup-
plied as a part of the metering de
vice, and are then placed at the
meter outlet. Sometimes they are
placed in the discharge line just
beyond the meter as is shown in
Fig. 4, and sometimes they form a
part of the dispensing assembly.

In any case they hold a fixed back
pressure in the meter, in excess of
the pressure which may exist in
the discharge line beyond the me-
ter. This valve does not adjust the
point at which it will pass fluid, in
accordance with the vapor pressure
of the fluid in the meter or in the
supply tank.

It is important that some study
be given to these two types of
valves, as shown in Figs. 1 and 2,
in order to distinguish between
them, and to understand the rea-
sons for the greater effectiveness
under many conditions of the one
valve over the other.

With the Type A valve, regard-
less of variations of pressure es-



tablished within the supply tank.
the fluid in the meter will always
be held to a higher pressure. This
pressure will therefore always be
above the vaporization pressure of
the actual fluid within the meter.
This condition will be maintained
regardless of any variation which
may occur in the meter discharge
line pressure.

In fact, no discharge can ever be
made through this valve without
operating the pump, because a
higher pressure than that in the
supply tank must be developed be-
fore this valve will open and per-
mit the passage of fluid.

On the other hand, with the type
B valve, the point at which fluid is
passed is solely dependent on hav-
ing a higher pressure in the meter
than in the discharge line to the
customer’s tank. The opening of
the valve is not related back to the
vapor pressure of the supply tank,
nor does the pressure at which this
valve will pass fluid automatically
adjust itself in conformity with
the vapor pressure of the particu-
lar fluid being handled, or with
the pressure variation which may
result due to temperature changes
from day to day.

Variation in Services

Just what discrepancies in ac-
curacy do oceur in average use
seem to be subject to some differ-
ences of opinion. Many meters
equipped with Type B valves do
give excellent results with appar-
ently equal accuracy under certain
operating conditions. There is no
reason why this would not be the
case where a meter so equipped
was used exclusively to serve the
same customers repeatedly with the
same product and never into a
totally empty tank.

But this accuracy is apparently
not maintained where these meters
are used in a more promiscuous
service, as for tanks previously
served by other supply stations
carrying products which may differ
considerably in vapor pressure, as
would be the case with cars and
trucks traveling over the highways
and operated on butane, or in the
case of small tanks such as are
used in camps or for automobile
trailers.

Excessive Pressures Undesirable

To meet these varying pressure
conditions it has been found neces-
sary to repeatedly boost the valve
spring loading when Type B back
pressure valves are used. A pres-
sure setting as high as 30 or 40
Ibs. is frequently found to be in-
adequate to prevent some vaporiz-
ation and “meter spinning” under
such conditions. The combination
of a lower temperature in the tank
receiving the fluid, in addition to
a possible difference in the type of
fluid previously used, to say noth-
ing of the totally empty tank fre-
quently presented for filling, may
result in a vapor pressure of the
fluid being delivered, exceeding that
of the receiving tank by as much
as 50 or even 100 lbs.

It is believed that such experi-
ences, with inaccurate metering as
a result, may have been responsible
for the adoption by some dispens-
ing equipment manufacturers of
Type B valves set as high as 100
Ibs. of differential pressure. While
anyone must admit that such ex-
cessive pressures would certainly
aid in correcting any meter inac-
curacy due to not having solid
liquid, it should also be apparent
that this result would only be ac-
comiplished at the expense of very
severe and unnecessary punishment

FIG.3

of the pumping’ equipment. Not
only would the pump be doubly
overloaded, undei these conditions,
but burned-out motors must fre-
quently result under such exces-
sive loading, while under a normal
pressure development these same
motors would have ample power
capacity for long-life service.

In this article, particular atten-
tion has been called to the superior
flow control which appears to be

had by use of the Type A dia-
phragm, back pressure valve. It
should be quite apparent that this
valve with a differential setting of
not to exceed 10 lbs. can be made
to serve the purpose far better
than does the Type B valve, even
under excessive pressure buildup.

It is the opinion of the writer
that in many cases of reported
pump failure and motor overload,
such trouble would be eliminated if
meters were to be equipped with
Type A valves. Operation of the
entire equipment would be smooth-
er and greater accuracy could be
maintained under the varying con-
ditions of service. Also, certain
safety features reflecting on the
entire installation may then be in-

corporated, at perhaps an even
lower total equipment cost.

Reference has been made rela-
tive to the omission of the usual
somewhat delicate float and valve
mechanism such as in the past has
been provided with gasoline “air
eliminators.” It has been quite
definitely established that this is
possible and that a constant by-
pass, through a fixed orifice, as
shown in Fig. 8, prevents the ac-
cumulation of vapor in the meter
during idle periods, and allows for
a complete wash out of any small
amount of air or other noncon-
densable gas upon starting the
flow.

It is necessary, however, when a
fixed orifice is used in connection
with the Type B valve, to add a
light check valve in the orifice re-
turn line. This is to prevent the
reverse flow of gas or liquid from
the tank, which might otherwise
occur should the outlet line from
the meter be opened prior to start-
ing the pump.

Such a reversal of flow also ap-
parently takes place under certain
conditions where the conventional
float valve mechanism is used, with
a possible result of erratic meter
registration.

case valve (2) is closed. Other features in
in Fi

FIG. 4—This diagram shows position in meter assembly of Type B, Fig. 2 valve. Flow
from pump enters at (1) and, passing through the meter and through spring-loaded valve
(B), is discharged through globe shut-off valve (2), and relief valve fitting (3), into
the hose line (4) to outlet valve (5). Valve (2) is necessary to shut off hose connection
in case of emergency. Relief valve (6) is necessary to relieve excess pressure in hose in

this drawing are similar to those described
ig. 3.
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butane or propane tank with internal
valve outlet (1) operated by lever (2) and
pull rod (3). Fluid passes through line
(4) and strainer (5) to LP-Gas pump (6)
and outlet line (7). By-pass valve (8) is
connected to outlet line with by-passed
fluid carried back through line (9) and
(10) to valve (11) and check valve (12)
to separate tank outlet (13) and standpipe
(14) to gas area of tank. Valve (11) must
be closed only in case of emergency, such
as in necessity of blowing down line.
Therefore, valve wheel has been removed
from valve stem (15).

Outlet line (7) carries fluid to meter
strainer (16). A continuous bleeder line
(17) connects top of strainer with return
line (10) to the tank. The continuous flow
through line (17) is controlled by a fixed
orifice (18). This line, open at all times,
provides for the continuous elimination of
any vapor formation during operating
periods, or vapor which might otherwise

accumulate during idle periods. This ap-
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FIG. 3—Shows diagrammatic layout of plies also to meter (19) which immediate-

ly adjoins strainer (16) with intake port
(20) at top of meter to permit ready pass-
ing back of any vapor content such as
may be formed by sumn heat, etc.

Meter outlet is controlled by diaphragm
differential back pressure valve (A) shown
in full section in Fig. 1. This valve is
closed at all times except when the pres-
sure in the meter has been raised to a
point in excess of that established in the
main supply tank by positive pump action.
For this reason no shut-off valve is re-
quired ahead of the hose connection (21).
Also, this valve offers protection to the
hose from over-pressure since the propor-
tion of valve area to spring pressure may
be adjusted to give ample pressure relief.
Tube connection (22) maintains pressure
above the valve diaphragm substantially
equal to supply tank vapor pressure. Line
(10) should be large in size to permit of
its use for vapor return, when required,
through valve (23), as well as other re-

turn lines shown.
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