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The Primary Element used with the flow or differential measuring mechanism is designed
to give direct results under only one set of fluid conditions. These conditions are listed on the
Specification Sheet for the parncular instrument and on the instrument nameplate When the
average conditions of fluid vary from those specified, the chart or scale and 1nregraror readings
must be compensated for such variations. If the Recorder or Indicator is not equipped with a
means of flow compensation, correction factors, as described in this Instruction Section, must be
applied to the chart or scale and integrator readings to compensate for such vamations.
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APPLY NG CORRECTION FACTORS

For Bailcy flow measuring instruments.

(1) The rute of flowr at any given time may be
determimed by me=ans of the chart or scale read-
ing times the chart or scale muluplving factor;

2) The total fluw for any given period of time
may be deter nimed by means of the integrator
multiplymg tactor times the difference in inte-
graror teadings at the beginning and end of the
tume period

The chart or scile and integrator multiplying
factons are listed on the instrument Specification

Sheet in the front of this [nstruction Book and on
the nameplate attached to the door of the
instrument.

To apply the correction factors, as determined
below, multuply the rate of flow chait or scale
reading) and total flow (integrator reading) by
the correction facror or {actors Thus, 1If o or
more conditions vary sinultaneously, the total
cottection factor to applv to the instrument read-

ings 1s the product of these two or more factors.

STEAM OR LIQUID FLOW CORRECTION FACTORS

STEAM FLOW

Fur steam flow, calculate the correction factors

as follows-
c ’ d
a

Where. C correction factor for a varia-
tion 1n conditions of pressure
and temperature

Va specific volume of steam at
actual ewisting conditions
Vd specific volume of steam at

design conditions

To sumplify the deternunauen of cotrection
factors, cutves from which the nccessary factors
may be obtamed are shown mn Figures 1 thru §
Refer to the “Index of Coirection Factor Curves’
on page + tor the nunber of the curve applicable
to the conditions of the metered steam

An example of the application of the correction
factor cutve 1s given 1n each Figure Applv the
factor or facturs to hoth the chait or scale and
mtegrator readings, as explamed ahove

If the design pressure 1s maintamned in actual
operation, a cortection factor based on tempera-
tute (or per cent moisture) alone may be suf-
fictent, and will be more easily used than the
complete pressure and temperature correction
factor cutves of Figures 1 thru 5. Figuie 6 shows
this temperature correction factor

COPYR GHMT 957 BY BA LEY METER COMPANY

WATER FLOW

For water flow, 1t 1s usually sufficient to con-
sidet only variations from dcsign tempetatuirce as
changes 1n spectfic weight due to ordinary changes
m pressure are insignificant  This temperature
correction factor 1s determined as follows

- ta
rtd

coriection factor for a varia-
tion 1n temperature

Ct

Where: Ct

= ta speecific weight of water at
actual ewisting temperature

ttd specific weight of water at de
sign tempcerature

Figure 7 shows curives from which correction
factors for variations 1n water temperature may
be obtained directly

For pressure changes of 200 ps1 or mote, the
changes 1 specific weight become significant and
should be taken into account 1n the determination
of correction factors Figure B shows correction
factors for variations of both pressute and tem-
perature of water

Note that the correction factors calculated by
the formula above or determined from Figures
7 and 8 apply to meters measuring water flow in
units of weight, as pounds per hour. If the meas-
urement is made n terms of volume, as gallons
per minute, the correction factor to be applied will
be the reciprocal of the factor calculated above.



G99-2
Page 3

PETROLEUM OILS

Petroleum oils do not expand with increases 1in
temperature in the same manner as does water,
thus Figures 7 and 8 are not spplicable. Figure 9
shows curves for determining the change in spe-
cific gravity for a change 1n temperature, and the
correction factor required to correct for that
change 1n specific gravityv  Note that the change

AIR OR GAS FLOW
STANDARD CONDITIONS

Many air or gas flow measuring instruments
read 1 terms of cubic feet or volume referred to
Standard Conditions of pressure and tempera-
ture. Standard Conditions are necessary in order
to form a uniform, equitable rate basis for billing,
accounting, or comparison of gas or air con-
sumption.

While Standard Conditions frequently are taken
as 30 inches of mercury absolute pressure, and
60" F temperature, other Standard Conditions
may be selected for use with any mndividual in.
strument, as the specific application dictates
Thesc conditions arc fixed for any one installation
and are not subject to operational changes.

“I'he Standard Conditions selected for the par-
ticular instrument are given on the instrument
Specification Sheet 1n the frone of this Instruction
Book.

OPERATING CONDITIONS

Usually the operating conditions of pressure
and temperature, for which the instrument was
designed, are different from the Standard Condi-
tions, since these are dependent upon the equip-
ment used in generating and moving the gas or air
thru the pipe lines, the use 1o which the gas or
air 1s put, and other factors

The average operarng conditions, however, are
known and must be specified 1n designing the
Primary Element used with the particular instru-
ment. These operating conditions are stamped
on the instrument nameplate and are listed on the
instrument Specification Sheet in the front of this
Instruction Book.

‘When these average operating conditions actu-
ally exist, the mstrument reads correctly. When

in specific weight of the o1l on a change in tem-
perature 1s referred to as a change in specific
gravity, referred to water at a base temperature
of 60" F, in accordance with regular practice of
the petroleum industry. Also note that, the cor-
rection factor determined from the curve is ap-
phied directly to meters reading in  terms of
units of weight and for meters reading mn units
of volume at a standard or base temperature.

CORRECTION FACTORS

either the pressure, temperature, or specific
gravity are different from the average used in the
design, correction factors must be applied to the
instrument readings to compensate for such vari-
ations These factors are obtained from the cor-
rection factor curves described below,

PRESSURE CORRECTION FACTORS

Since the designed average pressure mav be
expressed either 1n pounds or inches of mercury,
three pressure correction factor curves are in-
cluded Figure 10 for inches of mercury absolute,
and Figures 11 and 12 for pounds gage. An ex-
ample of the application of the curves 1s given n
each Figure.

If thce design pressure lies between any two
adjacent diagonal pressure lines on these curves,
draw in a new curve parallel to the printed curves
and spaced between them in proportion to the
relation of the actual design pressure with these
two pressures. Apply the new curve in the same
manner as the printed curves.

TEMPERATURE CORRECTION FACTORS

Figure 13 shows correction factors for varia-
tions from the average temperature used in the
design of the Primary Element. Note, however,
that Figure 13 applies to dry air or gas only.

If the air or gas i1s saturated, and if the actual
temperature of the miature varies widely from
the designed average, do not use the correction
factor curves shown in Figure 13. Special com-
bined temperature - moisture correction factor
curves must be prepared to show the corrections
due to variations 1n temperature and moisture.

Interpolation for intermediate temperatures be-
tween diagonal temperature lines shown in Figure
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13 should be made as deseribed above for pres-
sure correction curves.

SPECIFIC GRAVITY CORRECTION FACTORS

A correction for specific gravity may be neces-
sary if the measured gas consists of a mixture of

COMPRESSIBLE FLUID

For a compressible fluid, the relation of flow to
differential across a Primary Element deviates
slightly from the square root relationship because
of the difterent
applying at the different pressures at inlet and
outlet. The amount of the error which results
from this deviation for different differenual
meters and different Primary Elements at maxi-
mum flow rate can be determimed from Figure 15
This curve may be used for flow nozzles and con.
centric orifices with steam and gases which have
a specific heat ratio of 13 For air and other
diatomic gases with a specific heat ratio of 14,
multiply the indicated span by 93.

specific weighte ar  valumes

Frample To illustrate the use of the curve,
assume an mstallauon measuring steam at 100 psig
(115 psi1a) with a 80 ratio low nozzle and a maxi-
mum meter differential of 53 inches For these
conditions, Figure 15 shows that the maximum

PIPE INTERNAL DIAMETER

The fundamental flow formula used 1n the de-
s1gn of Primary Elements 1s based on a specified
internal pipe diameter If the actua internal pipe
diameter differs from the value specified for the
Primary Element design, there is a change n
diameter ratio with a consequent effect on the
appruvach factor, F, i the fluw fur nula. Figuie
17 shows a curve from which correction factors

gases having different specific gravities, in which
the proportions of the mixture may change in
normal operation. Figure 14 shows the correction
factors necessary for variations in specific gravity
from the designed value.

CORRECTION FACTORS

meter error or span of the meter correction factor
for compressibility is 1 8 per cent

Since the error diminishes at rates of flow less
than maximum, and 1s a linear function of the dif-
ferential pressure drop between inlet and outlet,
the standard Bailey procedure 1s to mimimize the
maximum error by includ ng in the Primary Ele-
ment design the correction factor for the midrange
value of the differential pressurcs applied to the
meter 1e, for about 70 per cent of maximum
flow At this flow rate, therefore, the meter reads
correctly. The correction factors which apply at
other rates of flow can hen bhe determuned by
plotting a line on the grid shown in Figure 16.
The line 1s drawn thru two points as follows.

1 Pomnt &
2 Pomt ©  correctior factor at 0% flow, cal-
calated as follows for the particular meter:

1000 +

fixed point for all meters

cori ection factor span (¢ ) from Figure 15

200

CORRECTION FACTORS

for variations in pipe diameter may be determined.

Eaample. To dlustrate the use of the curse, as-
sume an orifice designed for six-inch Schedule 40
pipe (6065” 1D.) and a diameter ratio 8 of 635,
but actually installed 1n Schedule 80 pipe (5761
I1D.) The ratio of 5761 to 6.065 1s Y5, and the
curve shows that a wui ection factor of 1024
should be used for these conditions.

INDEX OF CORRECTION FACTOR CURVES

Figure Operaung Conditions Page
1 Steam Flow, 0 to 60 psi, 200F to 600F S
2 Steam Flow, 50 to 250 psi, 300F to 1000F 6
3 Steam Flow, 200 to 800 psi, 350F to 1000F 7and 8
4 Steam Flow, 600 to 2000 ps1, 450F to 1100F 9
5 Steam Flow, 1500 to 5400 psi, 550F to 1200F 10
6 Steam Flow, 0 to 159 Moisture, 0 to 200F Superheat 11
7 Water Flow, 32 to 300F 12
8 ‘Water Flow, 0 to 600 psi. 32 to 600F 13 and 14
9 Petroleum Oils, 60 to SOOF 15 and 16
10 Air or Gas Flow, 28 to 43 Inches of Mercury 17
11 Air or Gas Flow, 5 to 55 psig 18
12 Aur or Gas Flow, 10 to 310 psig 19
13 Dry Air or Gas Temperature Correction Factors 20
14 Gas Flow, Specific Gravity Correction Factors 21
15 Compressibility Correction Factor Span 22
16 Grid for Compressibility Correction Factors 23
17 Variations in Pipe Internal Diameter 24
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% MO STURE SUPERHEAT DEGREES F

Read actuel conditions of steam at the bottom of chart, project up to curve showmng design
conditions read correction factor at left.

Example 1. Steam is found to be 96% qunllty (contains 4% moisture) and the orifice 18
designed for steam 29, Proy. up on 4% moisture (actual) condi-
t10ns to curve labeled 2% mosture (design) conditions the correction factor at left is found
to be 101

Example 2. Actusl steam 15 superheated 50F, but orifice 15 d d for steam 2%
mosture. Projecung up un S0F heat (actual) di to curve labeled 2% mossture,
the correct factor at left 1 found to be 95.

FIGURE 6—Mo sture and Temperature Correction Factors for Steam Flow,
0 to 15% Maoisture, O to 200F Superheat
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FIGURE 7—Temperature Correction Factor for Water, 32 to 300F
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