ISA RP2.3 A5 EE 48lyvy04 050012l 727 M

ISA RP2.1-1985

Recommended Practice

Manometer Tables

Instrument Society of America

Documents

Copyright by the ISA — The International Sodely for Measurement And Control
Wed Jun 04 21:40:53 1997



http://www.avadocuments.com/doc/isa-rp2-1-1985-scan
http://www.avadocuments.com/doc/isa-rp2-1-1985-scan

ISA RP2.1 85 EE 4414704 0500122 bbb I

ISA RP2.1-1985

Recommended Practice

Manometer Tables

®

Rk

Instrument Society of America

Documents

Copyright by the ISA — The International Sociely for Measurement And Control
Wed Jun 04 21:40:53 1997

Full document details: ISA RP2.1-1985 scan


http://www.avadocuments.com/doc/isa-rp2-1-1985-scan
http://www.avadocuments.com/doc/isa-rp2-1-1985-scan

ISA RP2.1 45 WE 43L470Y D500123 572 MM

Instrument Society of America

FOREWORD

This Recommended Practice has been prepared as a part of
the service of the Instrument Society of America toward a
goal of uniformity in the Neld of instrumentation. To be of
real valve this report shouid not be static, but should be
suhjected to periadic review. Toward this end the Society
welcomes all comments and criticisms, and asks that they
be addressed to the Standards and Practices Board Secretary,
Instrument Society of America, 67 Alexander Drive, P.O.
Box 12277, Research Triangle Park, North Carolina 27709,

This report was prepared and revised by the 8D-RP2
Committee of the Produgtion Processes Standards Di-
vision on Manometer Tables, chaired by W, G, Brom-
bacher, Consultant, National Barean of Standards,
Washington, D.C.

The assistance of those who aided in the preparation
of thiz Recommended Practice by answering gquestion-
naires, offering suggestions, and in other ways is
gratefully acknowledged.

The following teviewed the original practice and
served as a Board of Review:

E. A, Adler - United Engineers & Constructors, Inc,
C. W, Bates - Humble Oil & Refiniag Co.

W. E. Boyle - Shell 0i; Company

R. E. Clarridge - General Electric Co.

J. R, Connell - Imperial Oil Co., Lid.

W. A. Crawford « E. 1. duPont deNemours & Co., Inc,
Howard Ecket - Minnesota Mining & Mfg. Co.

G. G. Gallagher - The Fluor Corporation

R. L. Galley - Convair Astronautics

W. A. Hagerbaumer - Socony-Vacuum 0il Co.

D, E. Hostedler - Foster Wheeler Corp.

P, R, Hoyt - Shell Development Company

I. G, Kerley - Shell Oil Company

A. E, Krogh - Minneapolis-Honeywell Reg. Co.

J. L. Lopez - Lapo Qil & Transport Co., Lid.

H. M. McCarthy ~ Standard 0il Development Co.
E. S. Mehnert - Colgate-Palmolive-Peet Co,

A, V. Novak - E. [. duPont deNemours & Co., Inc.
J. W. Percy - U. S, Steel Corporation

R. R. Proctor - The Pure Oil Company

J. E. Read - E, 1. duPont deNemours & Co., Inc.
A. F, Sperry - Consaltant

F. H. Trapnell - E. 1. duPont deNemours & Co., Ine.
J. E. White - Black, Sivalls & Bryson, Inc.

This Recommended Practice was approved for publi-
cation by the Recommended Practices Committee on
September 6, 1952, and approved for revision by the
Standards & Practices Board in 1962.

E. A. Adler - United Engineers & Constructors, Inc.
Standards & Practices Department Vice President
F. E. Bryan - Douglas Aircraft Company
Aero-Space Standards Division Director
R. E. Clarridge - General Electtic Company
Intersociety Standards Division Director
J. P. Green - Arthur G. McKee Compeny
Metals Standards Division Director
E. C. Hutchison - Union Carbide Nuclear Co.
Production Processes Standards Division Director .
W. J. Ladniak - Minneapolis-Honeywell Reg. Co.
Nuclear Standards Division Director
E. ]J. Minnar - [SA Headquarters Staff
Standards & Practices Board Sectetary

This Revision, under the direction of W. G. Brombacher,
8D-RP2? Committee Chairman, has been prepared to in-
clude changes by the National Bureau of Standards
since the date of last publication (1952).

ISBN (-87664-325-X
ISA-RP2.1 Manometer Tables

Copyright @ 1962 by the Instrument Society of America.
All rights reserved. Printed in the United States of Amer-
ica. Mo part of this publication may be reproduced,
stored in a retrieval system, ortransmitted, in any form or
by any means {(electronic, mechanical, photocopying,
recording, or oiherwise), without the prior written per-
mission of the publisher.

87 Alexander Drive
P.O. Box 12277
Research Triangle Park, NC 27708

INSTRUMENT SOCIETY OF AMERICA .

-2

Documents

Copyright by the ISA — The International Sociely for Measurement And Control
Wed Jun 04 21:40:53 1997

Full document details: ISA RP2.1-1985 scan


http://www.avadocuments.com/doc/isa-rp2-1-1985-scan
http://www.avadocuments.com/doc/isa-rp2-1-1985-scan

RP2.1

ISA RPZ2.] &5 HR 4BL4704 D500L24 439 Em

Manometer Tables

SCOopPE

1.1 This report ptesents abbreviations and fundamen-
tal conversion factors commonly used in manometry,
recommended definitions of pressure in terms of a col-
umn of metcuty and water, and for a large number of
liquids, tables of pressures indicated by, or equivalent
to, heights of columns at various temperatutes, These
data heve the object of facilitating and standardizing
the use of manometers and U-tubes as direct pressure
indicating instruments or in the calibration of pres-
sure recerders and controllers,

1.2 A discussion is included of the more frequent or
more important sources of error in manometric meas-
urements, together with correction tables for mercury
and water columns, To conform to general practice in
this country, English units of measurements ate large-
ly used (i.e., pounds, inches, etc.) and with several
excentions, decimals are used to denote parts of uaits,
rather than octonary fractions,

1.3 In particular, it will be seen that conversion fac.
tors for kerosine, page oil, alcohol, dibromobenzene,
dibromoethane, and sacetylene fetrabromide are given
only to obtain equivalent water columns at 60 F. Fur-
ther, no conversion data sre presented for benzel,
butyl collosolve, carbitol, nbutyl phthalate, or halo-
wax oil, The filling in of these omissions will have
to await demonstrated need,
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MANOMETER TABLES

DISCUSSION OF STANDARDS OF MANOMETERS

For & more complete discussion on mercury manom-
eters, see ‘‘Mercury barometers and manometers,”’
Nat. Bur. of Standards Menograph No. 8, 1960,

Standards. The pressure in terms of height of a col-
umn of liquid is given by the fundamental relation

P = Dhg M

where P is the pressure in zbsolute units, as dynes/sqg
cm of poundals/sq in.

D is the density of the liquid in grams/cu cm or
Ib/cu in.

h is the height of the column from horizontal surface
tn horizontal surface of the menisci in ¢m or in.

g is the acceleration of gravity in cm/sec<or in./sec

P/g¢ is the pressure in grams/5q ¢m or psi

1f the height of the column of a liquid is used as a
unit of pressure,

_P

" =Dx @)
from which it is evident that some value of the density
of the liquid and of gravity must be selected as stand-
ard for greater convemience, preferably the same by
everyone. The standard density will be considered
only for water and mercury, and is more conveniently
set in terms of the temperature of the liquid, rather
than in terms of density.

At its meeting of September 7, 1947, the Recom-
mended Practices Commitiee approved as a recom-
mended practice the following standards:

{(a) Standard conditions for a mercury column used as
unit of pressura:

Gravity: 980.665 cm/sec? = 32,1740 ft/sec?
Temperature: 0°C (32°F)
760 mm of mercury (=20.9213 in. of mercury)

= a pressure of one atmosphere

(b) Standard conditions for a water celumn used as a
unit of pressure:

Gravity: 980,655 em/sec? = 32,1740 ft/sec
Temperature; 20°C (68 °F)
407.513 ir, of water {= 1035.08 cm of water}

= a pressure of one atmosphere

The value of standard gravity given above is an in-
ternational standard accepted in engineering and phys-
ics and therefore is applicable for all columns of all
liquids in addition to water and mercury if used as a
pressure upit. It should be nated that meteorologists
in 1953 adopted internationally this value, previously
having used the value 980.62 cm/sec<,

The pressure of one atmosphere internationally de-
fined for fixed points on the Intemational Temperature
scale is 1013.250 millibars, This value has heen
rather universally accepted. This pressure is equiva-
lent to that exerted by a column of mercury 760 mm
high, having a density of 13.5951 grams /em3 and sub-
jected to a gravitational acceleration of 350,665
cm/secs. A mm or cm or inch of mercury of differen-
tial or absclute pressure is defined as a submultiple
of the atmosphere above defined. However, at high
pressures cotrection for compressibility may have to
be applied.

For convenience, mercury manometers are often cali-
brated to indicate the height of the mercury column in
terms of mercury at 0°C when the manometer is at an-
other temperature,

The definition of 2 unit height of a water culumn at
20°C as a unit of pressure is 2 recommended practice,
made in an effort to eventually obtain national stand-
ardization. It is obvicusly worth while to standardize
on a single pressure unit, but it is realized that <haag-
es from other units now used may cause serious in-
convenience. Use of the proposed unit is advocated
in fields where no standard has been defined. Three
manometer temperatures, 13°C (59°F), 60°F (15,56°C),
and 20°C (68°F), are now used on a national scale to
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define the wnit of pressure as the height of a water
column, In aercnautics, 15°C is used; The American
Gas Association, and perhaps other societies, uses
60°F; and in orifice flowmeter work, 20°C is cammon-
ly used, The temperatute used to define the pressure
does not effect other conditions desired as standard,
as for example, volume of gas flow mesasured in terms
of the gas at 60°F and 29.92 inches of mercury. Some

the reading of the manometer held at constant preg-
sure and conversely an expamsion of the liquid in-
creases the reading; the two expansions tend to hal-
ance one ancther, but the effect of the expansion of
the liquid is usually much larger.

Tempetature corrections are given by the following
relations;

have suggested the maximum density of water (3,98 °C) H, =H, +C &3]
as the unit, This temperature is far from normal labo-
ratory temperatures and will require the application of C = s(t—t,)-mft—t ) n, @)

temperatute corrections in many cases where none
would be necessary with 20°C as the standard. The
proposal is attractive, however.

It is intended that the definition apply to distilled
water, free from absorbed gases. [t is easier to elimi-
nate absorbed pases than to determine the amount

1 +mit-t)

where H, is the height of the liquid column at the
standard temperature
11, is the indicated height of the liquidcolumn
at temperature t, corrected for scale errors
C  ig the temperature correction

present. In mercury, absorbed gases give no Lrouble. 8 is the coefficient of linear expansion of

Lack of purity fouis the mercury meniscus iong before the scale

there is a significant change in density, m is the coefficient of cubical expansion of
the liquid

No action on standards for liquids other than water
and mercury was taken, since these other liquids are
not often used as standards of pressure.

ERRORS OF LIQUID COLUAN MANOMETFERS

3.1 The errors in the indications of mznometers are
(a) scale errars, (b) temperature errors, {c) gravity er-
rors, {d} capillary errars, (e} compressibility, and (f)
effect of absorbed pases. Of these, cotrections are
otdinarily applied only for the scale, temperature, and
gravity errors. The other errors are corrected for only
precise work or ynder special conditions of use.

3.2 Scale Frrors. After a manometer reading has heen
corrected for temperature and gravity error, and for
such of the other ctrors as are warranted, there usually
remains a residual error which may be called the scale
error.  This can be determined only. by calibzation
anainsl a standard instrument, I cortections are made
only for the temperature and pravity errors, the scale
error will include (a) errors in graduating the scale,
and (b} the effect of capillarity, and perhaps of com-
pressibility and of absorbed pases. Under (a) will be
included to a high depree of accutacy the etror iniro-
duced when the scale is graduated true at one temper-
ature and iz assumed correct al another temperature,
Further, when the effects under {b) are ircluded under
the scale error, only the variation in these effects
need to be accounted for,

In genetral, the vrovedure of calibrating menometers
is such that cotrection for scale error should be ap-
plied first in applving corrections to = manometer
reading,

3.3 Temperature Frrars. Since the densities of liguids
vary  with temperature, any deviation in manometer
temperature  from that selected as standard for the
pressure unit will introduce an error in the manometer

t is the manometer temperature

t, is the temperature at which the scale indi-
cates the true heipht

t, is the standard temperature at which the
height of the iiquid column is in terms of a
pressure unit,

When the cotrection is nepative in sign, the correc-
tion is subtracted from H, as indicated by equation (3).

The coefficient of expansion is usually available
with reference to 0°C or 32°F, but no sipnificant error
is ordinarily intreduced by using this value if t, dif-
fers from 0°C, If warranted, the pruper value of s can
be computed.

Both the cubical and linear thermal expansions of
most manometer liquids and scales are hyperbolic in
character and therefore in general cannot be accurately
represented by the single terms s and m used in equa-
tion {4), For the small temperature ranpges aver which
manometers are generally used, the errors introduced
are not usually significant., Considetation of this
point is essential in very precise measurements,

FExceptions to the above are mercury, for which m
requires ro modification over the temperature range of
interest, and water, for which m varies with tempera-
tare considerably and sienificantly for most measzure-
ments at all temperatures ordinarily of interest, There-
fore, for water, equation (4) does not apply, and cor-
rections must be applied in two parts, first for the
temperature error for the scale ,=s(t—t.)gand then for
the error for the liquid by a multiplier obtained from

Table 12.

If t, be substituted in equation (4) for the tempera-
ture t, at which the scale is calibrated true and the
tesulting error be incotporated into the scale correc-
tion, considerable simplification in ceonstructing ta-
hles is obtained. The error thus introduced is usually
not significant. On this basis, equation {4) becomes

indication. Further, since the scale expands or con-
tracts with changes in its temperature, an additional C =St )-ml~t,) |, _ C.H, (5)
errot is introduced. An expansion of the scale redures [ +mft—t_} !
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For cistern manometers where the level of the lLiquid
it the cistern shifts with change in the pressure while
the scale remains fixed, equatiors (4) or {5) do not
apply. Usually the temperature cotrection can be put
in the form

(6)

C, =(H,+h)C,
where C, is the temperature correction, C, is defined
by equation (5), and h is an addition to the indicated
column height H, which in general must be determined
by calibration tests at various temperatures of a ma-
nometer of any given design.

3.4 Gravity Errors. The effect of variation of gravity
from the standard value on manometer indications is
as follows:

- B

P==H 7

2 Ho (7
- (g—8,)

or P —H°+H° ———— =H_ +C {8)

where P is the height of the liquid column subjected
to standard gravity, This is the pressure if,
ag is common practice, no further correc-
tions are applied.
H, is the indicated height of the liquid column
at the standard temperature
C is the correction to be applied te H,
g is the ambient value of gravity
g, is the standard value of gravity,
980.665 cm/sec?

The ambient value of gravity at any lecation can be
obtained 85 & function of latitude from the Smithsonian
Meteorological {or Physical) Tables and more accurate
values for many locations from the U, 5. Coast & Geo-
detic Survey, (Washington 25, D. C.).

In some cases the value of gravity must be obtained
from the accepted relation for gravity as a function of
latitude. This relation holds enly for sea level, To
obtain the value of gravity at a station h feet above
sea level:

g = g,~0.000094h 9

where g is the value of gravity at the station, g, is the
value of gravity at sea level, both in cm/sec?, and h
is the altitude in feet. Equation (9) holds only for
free air, but is sufficiently accurate for moderate ele-
vations of terrain above sea level.

3.5 Capillary Errors. I a liquid wets the walls of the
manometer tube or cistern, the center of the liquid col-
umn is elevated above the level which would obtain if
the surface were infinite in extent. Conversely if the
liquid does not wet the surface, of which mercury is a
conspicuous example, the columa level is depressed,
The amount of the depression tends to vary with the
direction of the change in pressure and greatly wilh
local differences in the condition of the surface in
contact with the liguid.

Correction for the capiliary effect, if made at all, is
normally made only for the depression of the mercury

Copyright by the ISA — The International Sodely for Measurement And Control
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in the tube. Part of the tahle given by Gould and
Vickers in the Journal Scientific Instruments 29, 85,
1952, is reproduced, based on a surface tension of
mercury of 450 dynes per centimeter.

DEPRESSION OF MERCURY COLUMN IN MM

Bore of
tube, mm Height of meniscus in mm
0.6 0.8 1.0 1.5 2.0
6 0.73 0.54 1,12 1.43 -
8 0.37 0.48 0.58 0.78 .89
10 0.20 .26 0,32 0.44 0.52
12 0.12 0.15 0.19 0.26 0.31
15 0.05 0.07 0.09 0.12 0.15
20 0,015 0.02 0.024 0.034 0.042

To teduce the vatiable effects of surface tension,
certain practices may be recommended, assuming that
the scale correction includes the capillary effect.

{a) In the design of the manometer, large bore tubes
greatly reduce the change in capillary depression
{or elevation) with meniscus height, For mercury
manometers the minimum bore should be about 10
mm (0.4 in.); there is little overall aivantage in
bores exceeding 15 to 20 mm (0.6 to 0.8 in.). The
above recommended minimum and maximum bores
apply equally well to water manometers and prob-
ably also to those with other liquids. Equal size
of bore is obviously indicated for U-tube manom-
eters.

Cistern manometers should also have the recom-
mended tube bores. The capillary effect in the
cistern is minimized by making the area of the
cistern large. In mercury manometers of this type
especially, it is necessary to tup or vibrate the
cistern vigorously in order to teduce scatter in the
readings at a constant pressure, It also helps to
vibrate the tube, but not to the same degree,

(b}

(¢) The gradual accumulation of corrosion products
and dirt at mercury surfaces changes the capillary
correction. This change is larger in its effect on
the reading the smaller the bore of the tube or of
the cistern. Corrosion seems easier te prevent

with other liquids,

{d) After a pressure change, drainage of liguids which
wet the surface of tubes is a source of errar, par-
ticularly in manometers in which the measured
ptessure depends upon the indication of one sur-
face level oaly, as in the case of most cistem
manometers. In effect a time lag in reading occurs
while drainage takes place. The effect reduces
with increase in the bore of the manomete: tubes.
(e} The addition of a few drops of a wetting agent,
such as Aerosol OTI100, or Dreen, to the water
helps greatly in obtaining a symmetrical meniscus
in water manometers, This decreases the difficulty
in making readings and also eliminates in large
measure the effect of films of foreign material on
the glass.
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3.4 Compressibility -Effects.

its density.

The absolute pressure
acting on a liquid compresses it and thereby changes
It is of importance for manometers only

in the cases where the difference between iwo high

pressures is measured.

The compressibility coefficient C, or change in vol-

ume per-unit pressure, is defined as follows:

- 14dv
C‘\Tndp

(10}

where V_ is the volume at pressure P or more prac-
tically is the volume at the lowest pressure

dv/dp

is the rate of change of volume with pressure

normally negative since the volume usually
decreases with the application of pressure

A few values of the coefficientare given in the tahle

for water, mercury, and ethyl alcohol,
are absolute values,

The pressures
The values for water were ob-

tained from *‘Properties of Ordinary Water Substance*’
by E. N. Dorsey; those on mercury from the *‘Smith-
sonian Physical Tables?; and these on ethyl alcchol
from the ““Handbook of Chemistry and Physics."

COMPRESSIBILITY OF LIQUIDS

Liguid Temp.  *Coefficient Pressure Range,
deg C Atmospheres
Water 10 48.0 1-25
. 20 47.2 1-25
10 492 25-50
20 47.6 25-50
10 46.0 100-200
20 44.2 100-200
50 42.8 1060-200
28 37.4 500- 1000
20 32.6 1000-1500
20 29.2 1500-2000
20 25.9 2000-2500
20 23.6 2500-3000
Mercury 20 3.95 300
22 3.97 500
22 3.9 1000
Ethyl 20 112 1-50
Alcohol 28 B6 150-200
28 81 150-400

Petroleum oils with a specific gravity 60/60°F be-
tween 0.80 and 0.90 have a compressibility coefficient

of approximately 70 x 10-6 at 20°C (68 °F)

for a gage

pressure change from 0 to 50 atmosphetes. Refetence:
R. 8. Jessup, BS Jnl. of Research, Vol, 5, 1930, p94s;

RP 244,
of the same order as that of oil,

As

Most organic liquids have compressibifities

a consequence of compressibility it requires
4 x 10-¢ more pressure to obtain a change in indica-
tion of one mm of mercury at an absolute pressure of

760t mm then it does at one mm of mercury. This dif.
ference is 12 times as great for water and 38 tiges as

Copyright by the ISA — The International Sodely for Measurement And Control
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great for ethyl alcohol. Thus the unit of pressure de-
fined in terms of a liquid column is also a function of
pressure, but the effect in manometers as ordinarily
used ic measure low gage pressures is less thao 0,001
per cent,

3.7 Effect of Absorbed Gases. Air absorbed in water
decreases the density, contrary to what might be ex-
pected. At 100°C the decrease of water density pre-
sumably fully saturated with air is 1.6, and at 20°C,
0.4 parts per million, The weight of absorbed air is
27 at 10°C and 22 parts per million at 20°C, The ef-
fect is quite variable and requires consideration for
each gas in contact with a particular liquid.

The ‘Handbock of Chemistry and Physics' and the
“‘International Critical Tables’* contain data on the
solubility of many gases in a number of liquids. These
references, however, contain relatively little informa-
tion on the effect of solubility on the density of those
liquids that are used in manometers.

Mercury is an exception in that small amounts of
gases go into solution, No data were found, but ne
sensible outgassing is evident when mercury is snbe
ject to a sudden decrease in pressure, as is the case
with most other manometric liquids.

Since there is considerable time lag in both out-
gassing and in the dissolving of gases in liquids, con-
siderable uncertainty usually exists as to the precise
amount of gas in solution. For this reason, densities
used in computing pressures should be for gas-free
liquids if available, and when necessary, corrections
made for the change in density due to the gas in solu-
tion. The correction is rarely made except in precise
wark or under unusual conditions of measurement

RASIS, DESCRIPTION AND USE OF TABLES

4.1 Table 1. Abbreviations. Abbreviations used are

those proposed by the American Standards Association
(Z210.1-1941).

4.2 Table 2. Fundamental Constants and Common
Factors. As indicated in the table the values are
largely taken from *‘lUnits of Weight and Measute,”’
NBS M233, although the number of digits in the values
is far in excess of that needed in manometry, The
conversion factors are primarily from metric to English
units and vice versa,

4.3}
4.4) - Tables 3, 4, and 5. No comment is required,
4.5)

4.5 Table §. Density of Mercury. The values of the
density of mercury given here are based on the mean
value of the thermal coefficient of volume expansion.
Accurate (not mean) values of the coefficient of cubical
thermal expansion of mercury are given by Beattie,
Blaisdell, Kaye, Gerry and Johnson, Proc, Am. Acad,
Arts and Sciences, 74, 370, 1941, The two values of
the density do not differ more than one part in 100000,
At 0°C, the density is generally considered accurate
to one part in 100,000 for virgin natural mercury.
There is no great difficulty in purifying mercury to the
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degree necessary to realize the densities given; even
minute impurities of the base metals make the mercury
unusable in a manometer.

The density at 0°C is the standard used at present
in defining pressure in terms of the height of a mercury
colamn.

4.7 Toble 7. Density of Water. The values given
here differ slightly from those given by various ex.
perimenters. The data for temperatures shove 40°C
(104°F) sare less reliable than those for lower temp-
ergtures, which is indicated by dropping one digit from
the values, As pointed out under “*Discussion of
Standards and Errors of Manometers”, the density is
affected somewhat by the content of absorbed air,
Also, the dissolved salts will affect the density,
which effect is avoided by the use of distilled water.

The unit height of & water column at either 15°C,
60°F, or 68°F is used in verious fields of engineering
to define & pressore, The [SA has udopted as a recom-
mended practice 68°F {20°C) as the definition.

4.8 Tables 8A and BB. Gravity Corrections at Sea
Leve! &t Various Latitudes or at Various Values of
Gravity. In Table BA are given the gravity corrections
at sea level for a column of any liquid in any unit of
height, mm, cm, in., or ft, against latitude, The val-
ues of gravity corresponding to latitude are from the
formulas and tables given in the Smithsonian Meteoro-
logical Tables, 1358 edition.

Table 8B presents the gravity corrections, again for
any liquid or in any unit of height, against evenly
Jivided values of pravity, This table is convenient to
use if the value of gravity for the station is known. It
is preferable to base corrections on the aclual value
of gravity of the station, if available, The U. 5. Coast
and Geodetic Survey, (Washington, D. C.) has deter-
mined and cen furnish values of gravity for hundreds
of lecations in the United States.

When Tabie BA is used, an additional correction is
required for the elevation of the station above sea
level. The altitude correction to be applied to the
value of gravity, which is strictly speaking only for
free mir and applies only approximately to large ele-
vations found in mountainous areas, is as follows:

Correction (cm/sec?) = =94 x 10-6h
where h is the elevation in feet of the manometer
above sen level.
As an example of the use of the iables, assume a
liguid column height of 72 inches (after application of
scale correction, before or after application of the

temperature correction) at latitude 38 degrees and ele-
vation above sea level of 150 feet,

From Table 8A the value of gravity at sea level at
38 degrees latitude is 979,997 cm/sec?.

The altitude correction is —-94 x 150 x 10-%¢ or
—0.014.

The value of gravity is 979,983 cm/sec?.

By interpolation in Table 8B, the gravity correction
is ~0.048 in.

The column height corrected for gravity is 72 —-0.048
or 71,952 inches.

Neglecting the altitude correction and using Table
8A to obtain the rorrection, there is obtained 0,049
inch. Cortrecting gravity for the altitude effect intto-
duces negligibie error in this case.

4.9 Toble 9. Conversion Factors for Various FPres-
sure Units, This table was computed based largely on
the data given in Tables 2, 6, and 7. The number of
digits of the factors is greater than required for most
manometer use, The factors were used insofar as ap-
plicable in preparing the cthet tables.

The factors apply only to manometer readings after
all corrections have been made to ohtain the pressures
in the units stated,

4.10 Table 10. Properties of Manometer Liquids. This
table is not complete, either in the properties of the
liguids listed or in the best liquids which might be
used for a particular application, Members of the ISA
who have additional data are urged to furnish it so
that this table can be perfected.

Water is probably the most widely used manometric
liquid, being not only low :n cost, readily available,
and stable in nature, but also having a low factor of
thermal expansion. Its major disadvantages are its
timited range of utility — usually from 0.05 to 2.0 psi,
and only 40°F 1o 100°F - and its comosive effect on
ferrous metals, One of the most desirable methods of
increasing its visibility in glass tubing is by the ad-
dition of a few drops of fluorescein solution; coloring
by inks or dyes is not satisfactory,

Mercury is the second most widely used manometric
liquid, being quite stable and reasonably available,
immiscible with other liquids, and having a low ther-
mal expansion and low vapor pressure. It can be used
over a wide range of temperature conditions - from
—~35°F to over 250°F, and normally in the pressure
range from 0.2 psi to 20-30 psi. Many metuls, such as
copper, tin, silver, and zinc are soluble in mercury,
so that instmment parts in contact with it should be
glass, carbon steel, stainless steel or good grade iron.

The major use of ketosine as a manometric liquid is
a substitute for water in locations of low temperatures;
for many years steel mills and coke oven plants have
used “mm of oil’”’ as a mancmetric unit on exposed
mains. MNormal practice specifies the use of 40-41 de-
grees APL kerosine, having a specific gravity of
0.8200-0.8204 at 60°F, It has some advantages over
water in that it can be used at low temperatures, will
not become discolored by rusting of iron fittings with
which it is in contact, and provides slightly more ac-
curate measurements because of its lower depsity. Iis
use provides a fire hazard, and it cannot be used at
temperatures above 75-B5°F because of vapor phase
and meniscus effects,

Ellison gage oil is a special petroleum fraction,
similar to kerosine, having a specific gravity of (LE30-
0.834 designed for use in inclined gapes measuring
low differentials in pressure,
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Alechol, and mixtures of alcohol «nd ethylene gly-
col, are quite frequently used as substitutes for water
in locations in which tempetatures below 35°F are en-
counteted, LEthyl alcohol, having a specific gravity of
only 0.794, may provide = slightly more sensitive
measarement of pressures, but has the drawbacks of
being inconstant in density due to absotption of water
vapor, becoming discolored by rusting, promoting a fire
hazard, and being undesirable above 90-100°F. A
mixture of 36 per cent by volume of ethyl alcohol, and
64 per cent of ethylene glyco! (or Prestone) has a
specific gravity at 60°F comparable to that of water,
and is therefore frequently used in water manometers
for below freezing temperatures. However, both alcohsl
and glyce!l have relatively large thermal expassion co-
efficients which, if not taken into account when these
substances are used at low temperatures, may lead to
seticus calibration errors.

Glycerine finds some use as a manometric liquid at
temperatures above thogse at which water or kerosine
may be used from LOO°F to 250°F, At ordinary temp-
eratures it is relatively viscous and slow draining;
deliquescence aiters its density.

Both dibromobenzene and dibromoethane have den-
sities approximately twice as great as that of water,
and they are therefore used to obtain more accurate
measurements within the range 10 to 150 in H70 than can
be obtained by use of mercury, Both have the seriocus
drawback of being hydrolyzed by water and becoming
slightly acidic; they shoufd be used only in glass
tubes or instruments with specizl brass chambers and
fittings,

Acetylene tetrabromide, or tetrabromeethane, is an-
other high density liguid which is used for measuring
pressures greater than those that can he conveniently
reached by use of water columns, i.e., equivalents of
3 ta 250 in H20 ar 0.2 to 10.0 psi. In spite of a greater
degree of bromination, tetrabromoethane appears to be
somewhat more stable and less teactive than dibromo-
ethane, hut not sufficiently so to permit use in contact
with appreciable conceatrations of water vapor, nor in
instruments that are not provided with special brass
chambers or fittings,

Butyl phthalate has low vapor pressure and forms a
satisfactoty meniscus. It has a relatively low freezing
point. It sbsorbs air teadily to a degree which may be
troublesome, but no guantitative data were found.

Liquid mixtures such as alcohol-water, alcohol-gly-
col, and liquids which absorb water readily, such as
glycol, aleshol, and glycetin do not hold their initial
densities in 2 manometer open to the air and therefore
must be used with caution.

Many organic liquids, such as the petroleum deriva-
tives, Halowax oil and others, have densities which
vary from lat to lot. The petroleum derivatives are
mixtures, while the organic liquids in the techmical
grades contain impurities to & degree sufficient to af.
feet the density. The densities given are therefore
approximate and should be determined for each tot if
pressutes are to be measured accurately. Comparison
of manometers containing liquids of wnknown density

against @ water column is a convenient method of de-
termining their density,

4.11 Table 11, Expansion Coefficients of Scaie Ma=
terials. The length of the scale is determined from
the coefficients of linear expansion of scale materials
by the relation

L= Lo(§1+at)
L = L_il+b(t-32)}
where L is the length at temperature t, L, is the length

at 0°C or 32°F, and a and b ate the expansion coel-
ficients per C and per F respectively.

fort in deg C
for tin deg F

The above relation is not exact, but the error is
tolerable for the small temperature ranges ordinarily
expetienced by manometers, In fact, if the scale length -
ts known at some other temperature than 0°C, the
above relations can be written without serious loss in
accutacy as follows:

L=L, Ih}a(t—t ) for t in deg C
L =L, {1+b{t—t,) for t in deg F

where L, is the length measured at t, and the other
terms are defined as above.

It is obvious for precise measurements, that the
variations in the coefficients for a given material are
such that the coefficient of expansion of the scale ma-
terial must be measured. Knowledge of the composi-
tion of the scale material, and of the degree of cold
work for metals, may often serve to pick up a reasone
ably accurate value ftom the literature on the subject.

4.12 Table 12. Conversivn Factors for Water Columms
at Various Temperatures, For a number of tempera-
tures of the water column, the equivalent psi is given
for one inch of water, and the equivalent height of a
mercury column at 32°F and of water columas at 60°F,
68°F (20°C}, and 77°F {25°C) are given for unit height
of a water column in any unit as cm, in., ete. The
table must be entered in all cases with the true height,
that is, the indicated height must be cormected for
scale errors and for the effect of temperature on the
scale, and any other errors, if significant,

If psi corresponding to one cm of water are desired,
multiply the givea values in psi by 0.3937.

As an example, find the equivalent psi, in. of mer-
cury and in. of water at 68°F of 35 in. of water at
75"F. Entering the table at 75°F there is obtained

35 x 0.036031 = 1.261 psi
35 x 0.073359 = 2.568 in. of mercury at 0°C
35x 0.9991 = 34,97 in. of water at 68°F

4.13 Tables 13 ond 14, Temperature Correciions for
Water Manometers with Brass Scales ta Obtain Read-~
ing at 68°F (20°C) and at 60°F. These tables were
constructed from the following relation:

D-b )
* 4 s(t-tnj h

tion =| Ty~
Cotrection D,
where D is density of water at temperature t; D, the
density at the reference temperature t_ which is 68 °F
in Table 13 and 60°F in Tabie 14; s is the linear co-
efficient of expansion of brass; and h is the indicated
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height of the water column at tempetatute t after cor-
rection for scale error. The temperatures are in de-
grees Fahrenheit.

This form of the equation has to be used rather than
equation (4) of the section on “'Temperature Errors’’,
because the coefficient of expznsion ol water varies
too much with temperatute to be assumed constant.

Table 11 shows that the coefficient s varies for
brass, The value was taken as 10.2 x 18-° per de-
gree F following the uswal practice in barometry. A
deviation in s of 10 per cent from the value chosen
will on the average affect the corrections in the order
of 1 per cent. The density of water was obtained from
Table 7.

Either table may be entered with the height of the
column in inches or mm, or any other unit, to obtain
the temperature correction in the same uait. Also, it
has been assumed that the scales are graduated to in-
dicate correctly at 68°F in Table 13, and 60°F in Ta-
ble 14, The tables can be used nevertheless il the
effect of deviations from this assumption can be lumped
in with the scale error.

As an example, assume a manometer with a brass
scale to read 720 mm at a manometer temperature of
82°F, 1o obtain the height of the water column at 68 °F.
Assume the scale cotrection to be —1 mm when cali-
brated at 68°F, Applving this correction gives a read-
ing of 719 mm. Enter Table 13 successively with 700,
100 and 900 mm, and interpolate between 80 and 85°F,
The temperature correction is then, properly locating
the decimal point, 1.24 + 0.02 + 0,02 or —1.28 mm, and
the reading corrected for temperature is 717.7 mm.

4.14 Tobles 15A and 158, Fquivalents in psi of Water
Columns at Various Temperatures in Inches and in
Feet and Inches. These tables were constructed from
the conversion factors given in Table 9. The tables
are entered with the true height of the water column
at the designated temperature, that is, entered with
manometer readings corrected for all errors.

As an example of the use of Table 158, 8 [t 11% in.
of water at 95°F = 3.447 +0.395 +0.018 = 3,860 psi.

4.15 Table 16, Conversion Factors for Mercury Col-
uymns at Various Temperatures. The table preseats the
equivalent of one inch of mercury in psi at the desig-
nated temperature, and the factor for converting the
height of a mercury column at the designated temper~
ature to the height of a mercury column at 32°F (0°C)
and to the height of a water column at any on# of the
three temperatures, 60, 68, or 77°F. The conversion
factor can be used to convert the mercury column in
any unit of height to obtain the height in the same unit
of the desited liguid column. The table should be en-
tered with the true height of the mercury column at the
designated temperature.

The computations are based on the data given in
Tables 6, 7, and 9.

As an example, convert 25.00 mm of mercury at 85 9F
to psi, to a mercuty column at 32°F, and to a water
column at 68 °F.
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(a) 25 x 0.48854 = 12.2] psi
(b) 25 x 0.9947 = 24.87 mm of mercury at 32°F
()25 1 13.547 = 338.7 mm of water at 68°F

To obtain psi for 1 mm of mercury, muitiply the psi
factor given in the table hy 0.03937.

4,16 Tables 17 ond 18. Temperature Corrections for
Mercury Manometers and Barometers with Brass Scales
to Ohtain Readings at 0°C (32°F). The two tables are
alike except that one is for deg C and the other is lor
deg F. The indicated column heights given in the
tables were selected for convenience: if temperatures
are measured in deg C, the manometer is more likely
te be graduated in millimeters; in deg F, in inches,
However, either table may be entered with the liquid
height either in millimeters or inches, or any other
unit, to cobtain the temperature correction in the same
unit.

2
4

The corrections were computed from equation {4) of
the section on “*Temperature Errors'’.

s(t—t,) — m(t—t,)
T+m(t—t,) P

where H, = reading of the manometer at temperature t
corrected for scale error.
t = temperature of the manometer in deg C for
Tahie 17, in deg F for Table 18,

t, = 0°C for Table 17, 32°F for Table 18.

m = coefficient of expansion of mercury,
0.0001818 per deg T for Table 17,
{.0001010 for Table 1B,

s = linear coefficient of expansion for the
brass scale, 0,0000184 for deg C for Ta-
ble 17, 0.0000102 per deg F for Table 18,

It is obvious that the correction is linear with the
reading and very neatly so with temperature, sufficient-
ly for the purposes of interpolation in the tables.

Correction =

Brags scales will not necessarily have the value
given above for the coefficient of expansion, which is
that commonly used in barometry, A deviation of as
much as 10 per cent from the value used will introduce
an etror of about 1 per cent in the cormrection.

1t will be noted that the brass scale has been as-
sumed accurate at 32°F or 0°C. Such i3 not generally
the case, but the corrections will still apply with high
accuracy if the error due to this assumption is merged
with the scale error. This procedure is facilitated by
the common ptactice of calibrating a manometer against
a '‘standard’’ manometer.

Table 17 for deg Cis identical with the barometer
temperature correction table for deg C in the Smith-
sonian Meteorological Tables (SMT). Table 18 for deg
F differs from that in the SMT in that the brass scale
is assumed calibrated correctly at 62°F {t in the term
s{t—t_} in the equation above equals 62 °F} in SMT, in-
stead of 32°F as here assumed. Siace neither tempet-
ature is in correspondence with normal practice, it
seems mote practical and convenient to use 32°F.

The corrections apply only to manometers and ba-
rometers in which the scale is read at both liquid
levels, ot the zero of the scale and the lower liquid
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