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‘ ﬁPIM’) Designation: D 1070 — 03

Standard Test Methods for
Relative Density of Gaseous Fuels *

This standard is issued under the fixed designation D 1070; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1 ! These test methods are under the jurisdiction of ASTM Committee D-3 DO3 on Gaseous Fuels and is the direct responsibility of Subcommittee D @8rOiBatioDet
of Heating Value and Relative Density of Gaseous Fuels.

Current edition approvee-Mareh-29;-1985. May 10, 2003. PublisheeJure 1985. July 2003. Originally-publishee-as-B-1070 — 52. approved in 1952ukadipoevi
approved in 1998 as D 1070—7385{19798).

1. Scope

I 1.1 These test methods cover the determination of relative density{speeifie-gravity) of gaseous fuels, including liquefied
petroleum gases, in the gaseous state at normal temperatures and pressures. The test methods specified are sufficiently varied in
nature so that one or more may be used for laboratory, control, reference, gas measurement, or in fact, for any purpose in which
it is desired to know the relative density of gas or gases as compared to the density of dry air at the same temperature and pressure.

1.2 The procedures appear in the following sections:

Section
Method A, Ac-Me Gravity Balance 7-9
Method B, Ranarex Recording and Indicating Gravitometer 10-11
Method C, UGC Gravitometer 13-15
: - Cas-B 1618
23
Method-G HGC-Gravitemeter 24-26
Method G, UGC Gravitometer 24-
2612-14

Note 1—The test methods and apparatus described herein are representative of methods and apparatus used broadly in industry. Manufacturer’'s
instructions for specific models should be consulted for further details and as supplements to the infermation-pracetical to cover presenteddiere. It i
intenrded In_addition to—impty—that-there—are—not-other instrumentation described below additional equally accurate and satisfactory instruments
eemmefefa#y—avaﬂaHe—eHhat—et-hefs—wm—not may-be-developed-inthe-future. available.

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility

of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D-1145TFest-Method-ef-Sampling 5503 Practice for Natural Gas Sample-Handling and Conditioning Systems for Pipeline
Instrumentatiof

D247 Methed-of Sampling-Manufactured-Gas
3. Terminology
3.1 Definitions:

3.1.1 density—mass per unit of volume of the fuel gas or air being considered.
3.1.2 gaseous fuel—matenal to be tested as sampled wnhout change of composmon by drymg or otherW|se

vapor in the

32A4-relative density-ratio of the den5|ty of the gaseous fuel, under the observed conditions of temperature and pressure, to
the density of dried air, of normal carbon dioxide content, at the same temperature and pressuiz—Na

| ’Discontnued-See1986 AnmualAnnual Book of ASTM Standards! 05.056.
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3.1.3.1 Discussior—In these test methods the term “relative density” has replaced the term “specific gravity.” The term, specific
gravity, as used in-the a previous edition of these test methods, was used incorrectly.

3.1.4 relativee hhumidity—ratio of actual pressure of existing water vapor to maximum poessibly ce pressure of water vapor in
thee atmosphere at the same temperature, expressed as a percentage.

4. Summary of Test Methods

4.1 Method-Using—PressureDisplacement Balareds-this—This test-method—abeam—carrying—abulb—and-counterweight
method is-breughtte-balanee,suceessively-in-airane-Hn-gas, by-adjusting based-en-thepressure within balaneing-efthe balance
case—The-abselute-pressures-are-determined-by-means weight-of-a-barometerand-a-mereury-filed-manometer, and fixed volume
of gas at atmospheric pressure againstthe-relative-density-is-computed from weight of dry air aeress the ratie-eenter-of absolute
pressures—Pressure-balanee-instruments-vary-in-size;-method gravity-ef-supperting the a-balance-beam,-sealing-the-balance case
and-etherminor-details beam. The amount-efcoenstruction—Hewever-they are all this “deflection,” subject to cerrections an, for
humidity, high CQ content or other factor meas ofures-the-same-kind,although-netreeessarily relative density. Instruments of the
same—magmtude thls class may be elther V|suaI or chart recordlng

reing the
he amount

4—4—K|net|c Energy— Th|s test method measures the ratio of the change in kinetic energy between an impeller and an impulse
wheel operating in gas and-anether a second impeller and impulse wheel operating in a refereree-gas-{air—Fhese-measurements

areinterms (generally air). The relative torque ofthe-tergues-of the impulse wheels-that-are-propertionalrespectively, is measured

and provides a value for relative density since the relative torque is proportional to the gas and air densities.

5. Significance and Use

5.1 These test methods provide accurate and reliable methods to measure the relative density of gaseous fuels on an intermittent
or continuous-basis;-which-may be basis. These measurements are frequently used for regulatory or contract compliance custody
transfer and process control.

6. Sampling

6.1 The sample shall be representative of the-gas-being-sampled to be measured and shall be taken from its source without
change-ef in form or composition. Sampleing of natural gases should be in accordanee—with—Fest-Method-bB-1145. Sample

manufactured-gases-in-aceordance-with-Methed-D-1247.
METHOB-A—Ae—Me—GRAUTY-—BALANCE—Practice D 5503.

METHOD A—Ac—Me GRAVITY BALANCE
(Four-Spring Type)

7. Apparatus

7.1 Ac—Me Gravity Balance (Four-Spring Typg)ressure-tight cylindrical container mounted on a base board. Inside the
container is a balance beam with a sealed float at the back and graduated scale at the front. The beam is suspended at the cente
by thin flat springs. A window for viewing the scale is provided at the front of the container. The balance beam may be locked
by a cam mechanism when the instrument is not in use. Valves for introducing gas and air samples are provided.

7.2 Carrying Case for transportation or storage.

7.3 Air Dryer, to dehydrate air samples (silica gel).

7.4 Tripod, to support the balance firmly.

7.5 Pressure-Vacuum Pumpo transfer samples and adjust pressure in the balance.

7.6 Mercury Manometer760 mm, to measure pressure in the balance.

7.7 Aneroid Barometertemperature compensated to convert balance pressure readings to absolute pressures. (Absolute pressure
not corrected to sea level.)

7.8 Rubber Hose6.35 mm ¥--in.) inside diameter, four lengths with brass swivel connections to join the balance to its
operating accessories.

7.9 Sampling Hose6.35 mm {4 in.) with swivel connections and two male 6.35-m#a-{n.) pipe adapters.

7.10 Additional Apparatus—Refer to the manufacturer’s literature for further information on sizes, assembly, and other details
applicable to specific models.

8. Procedure
8.1 Assemble and set up the balance in accordance with the manufacturer’s instructions, making certain that it is firmly
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supported, level, and is not disturbed during the entire test. Take and record the following four readings:

8.1.1 Average Barometric Reading-Read the aneroid barometer at the beginning and end of each test, and record the average
of these two readings.

8.1.2 Air Reading

8.1.2.1 Admit air through first valve and air dryer until atmospheric pressure is reached. Record temperature in the balance.
Close first valve.

8.1.2.2 Open second valve and pull a vacuum of about 650 mm, then close second valve. Unlock the balance beam by turning
locking level counterclockwise. The beam will then be in an unbalanced position with the zero above the hairline indicator.

8.1.2.3 Observe the scale from such a position that the reflection of your eye in the look glass is centered on the hairline. Admit
air through first valve and air dryer until the beam begins to fall. Then pinch down the flow of air through first valve so that the
air can be cut off at exactly the right instant to keep the beam in the balanced position. Observe the scale noting how far the zero
swings above and below the hairline. The beam is balanced when the zero of the scale is swinging an equal amount above and
below the hairline.

8.1.2.4 When balance is obtained, lock instrument and read and record the air vacuum shown on the manometer. Record the
temperature within the balance.

8.1.3 Gas Reading

8.1.3.1 Close the valve on the air dryer and close Valve 1. Then open Valve 2 and pull a vacuum of about 650 mm on the
balance.

8.1.3.2 Open gas supply valve and admit gas to the balance until the pressure reads about 650 mm. (Do not exceed manometer
maximum reading or the balance may be damaged.)

8.1.3.3 Repeat 8.1.3.1 and 8.1.3.2 three times. The third time will leave only about 0.05 % air in the balance. If the balance is
purged by flowing gas through it, the purging should be continued until two successive readings (8.1.3.4) check.

8.1.3.4 Unlock the instrument and release gas pressure through Valve 2 until balanced position of beam is reached. Follow the
same method as described for the air reading in 8.1.2.4. When balance is obtained, lock the instrument and record the gas pressure
shown on the manometer. Record the temperature in the balance.

Note 32—When the gas supply is under a vacuum or has a high content of hydrocarbons heavier than ethane, keep the gas pressure within the balance
below that in the source line or container to avoid condensation in the balance. If necessary, readjust instrument to balance on gas at a vacuum about 20
mm higher than that in the sampling source.

8.1.4 Air Check Reading

8.1.4.1 Close gas supply valves. Open second valve and pull a vacuum of about 650 mm.

8.1.4.2 Admit air through the air dryer to the balance until atmospheric pressure is reached. Close first valve.

8.1.4.3 Repeat 8.1.4.1 and 8.1.4.2 at least three times or until two successive readings (8.1.4.4) will check.

8.1.4.4 Open second valve and pull a vacuum of about 650 nm, then close second valve. Unlock instrument; admit air through
first valve to bring the beam to the balanced position as when taking the first air reading.

8.1.4.5 When balance is obtained, lock instrument; read and record the air vacuum shown on the manometer. Record the

temperature in the balance. This reading must check with the first air reading if the two temperatures in the balance are the same.
When test is complete close all valves on the balance. Close the cock on the air dryer to prevent moistening of silica gel.

9. Calculation

9.1 When an aneroid barometer is used in the field, it should be checked periodically with a mercury barometer. The barometer
should be handled very carefully and be well packed for transportation. If barometer reading is in inches and fractions, multiply
reading by 25.4 to convert to millimetres. To convert to absolute pressure, add barometric pressure in millimetres to both air and
gas pressure readings. (If air or gas reading is on vacuum, subtract it from barometric pressure.) Divide the absolute pressure for
air by the absolute pressure for gas to obtain the relative density of the gases shown in the following example:

Manometer Barometer Absolute
Reading Reading Pressure
Pressure
Barometer reading:
753 mm
Air reading -127 + 753 = 626
Gas reading 204 + 753 = 957
Air check reading =127
Relative densit absolute air pressure 1
elative density= Fpsolute gas pressure626/957= 0.654 @

9.2 When there is a difference between the temperature for the air reading and the temperature for the gas reading, these
temperature readings should be converted to absolute temperature, by adding 460, and used in calculations as shown by the
following example:



A D 1070 - 03
“afl

Absolute Absolute
Manometer Pressure, Temperature Temperature,
Reading P °F T
Baremeter reading:
745 mm
BarometerBarometer
reading:
745 mm
Air reading -95 650 66 526
Gas reading 197 942 68 528
Air check reading -90 655 70 530
Relative density= (P air/P gag X ( T gasl air) 2)
= (650/9423 X (528/526 = 0.693(first air reading
Relative density= (655/942 X (528/530 3)

= 0.693 (air check reading

METHOD -B—RAc—MeNAREGX PORTABLE AND STATIONARY G GRAVITOMETERS _

10. Apparatus

10.1 A i : i weightRanarex
Gravrtometers are typlcal ef—a—fneed—vetﬂme kinetic energy mstruments desrqned for use as either portable or stationary instruments
to determine and continuously record relative density. Fig. 1 shows examptes of air portable and recording Ranarex gravitometers.

10.1.1 Instrumentation based on-the-weight-ef the same v operational principle contain common features to Ranarex models.
The chassis, consisting-ef-gas-tunderthe-same-temperature a main bedy-and-pressure-cenditions. The two chamber doors. Behind
these doors are two cylindrical gas tight each having inlet and outlet connections. Each chamber contains an impeller and an
impulse wheel, facing each other, irafloat-thatis—suspended from manner similarto-a—-balance-beam-byknife edges torque
converter An eIectrrc motor and—heelebeaﬂﬁgs#he—weWrotate—H%—metal in impellers-atthe-floatis-eounterbalanced
ree beam same speed in opposite directions. Heavy aluminum covers
enclose and protect the—reeer&rng—pen—am—rs—the—dr#erence entire mechanism.

10.1.2 The impeller in the-weight lower chamber draws in a continuous flow of the test-gas-in-the float and rotates it at high

speed against the-buoyance vanes of-the-air-surreunding companion impulse wheek-As-the-float. The rotating-gas-whose relative
density-is-being-measturetHsredueetHnpressure-atentrance to impinges-entheinstrumentand-flows-econtindousty-threugh the float
after-whieh impulse wheel vanes-tis-exhausted-to-atmosphere-at-atmospheriepressure—n-this way, undergees—a continuous
sample-and-refative-density-recoerd-s-obtained.

%G—Z—Smee—tlﬂre—werght—ef—the—gas—s&mple change in kinetic enerqy that creates—en—the—ﬂe&t—rs—eompared lower impulse wheel a
torque proportional obtain relative the
densrwmmﬁremﬁwﬁ%eon%m%mmanmthe balance
point-of gas. Similarly, the ir-fi —As variations

impeller |n—atmespheﬁetemperatu+e—take—p+ace—the—pressure upper chamber &r&ws—rn—the—elesed—tebe—\ﬁfﬂt—vary—aeeerdrngly for

instaneeanincrease-in-pressure-is-indicated-by-a-plusreading-on-the-mercury-gage-scate—The-mereury-displaced out continuous
flow of outside air and rotates it at the-gage by same speed as-the-increase gas-butinpressure-is-moved into opposite direction.

FIG. 1 Examples of Portable and Recording Ranarex
Gravitometers.
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As the-metreury-container—This-adds-weight-above rotating air impinges en-the-balancepoint-and changes impulse wheel vanes,
it too undergoes a change in kinetic energy that creates on-the-ecenter-of-gravity-of-the-batanced-system-the-preper amount upper
impulse wheel, a torque proportionaHe-cefrecttherelative densityrecord for-efthe-temperature-rise-which-toek-place-\Variations
n-baremetric-pressdre air.

10.1.3 The impulse wheel torques are-compensatedHn-a-Similarmannersince-the-mereury-container is open transmitted through
pivot shafts to the-atmesphere external lever arms, connecting link;-and-changes-in-baremetric-pressure-will-alse-foerce mercury
n-or-out-of-the-container.

10-2-1—The-Ac—Me-gravitemeteris-housed in indicator, which move-as-a-heavy-sheetmetal case system to an angular position
at which-preteets the-werkingparts. torques balance each otheFFhe—ease—has—aeeess doors at Ilnkaqe system serves as a mechanical
computer dividing one torque by the mple enters other.
At each anqular posmon of the—me%rument—and Ilnkage, there—rs—memedratety—reeueed—m—pfeeswe—by—&n—ﬂﬂerﬁal—regulator then

i i is eeHnthe-flowmeter corresponding
value foeadfus{-mem—of the—s&mp+e—rate—“|=he—gas—t-heﬁ—ﬂews—t-hrouqh ratlo However smee—ﬂse—m{et tubing torques are proport|onal
to the-bettem n density of the-instrument-and-up-through medium in each chamber—the-float—tis—disecharged at ratio may be
expressed as follows:

density of lower chamber/density of upper chamber (4)

pat at one end
e , M connects
admltted te—a—HHk the—peﬁ—aﬁm—assembly Iower chambee&nd—pen—arrﬁ—traﬁsmﬁmg—me—ﬁmﬂeﬂ—e%aalaﬂee—beam% the chart.
?he—mereury—eeﬁfarmialr y-below the
e Y cqumn admitted to
the—eempeﬁsa{eegage—fas{eﬁed-te—me—re&r—ef—the—ease The—&pper end of chambeHhe—eempeﬁsatngage—rs attached to ratio becomes

as follows:

density of gas/density of ait relative density (5)

10.1.5 The relation between therear value-ef-the-case—Fhe-upper end this fraction and angular positier-ef-the-compensator
linkage and indicator is-attached-to-one-end determined in the design-efthe-compensatortubethe-eompensator valve, instrument.
The indicating scale ard-cempensator-dryer-An-oil-seal-and-alevomatic oiler recording chart are | graduated to read directly in
relative d-aensity.

10.1.6 Refertot vided manufacturer’s literature-for-tevelingthe-instrument as
weH—as—a—eress—test—ievel—feFeheekmg—&s—level further information on sizes, assembly, and other options applicable to specific

models.

FIG. 2 Examples of Portable and Recording Ranarex
Gravitometers.
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11. Procedure
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231 Ranarex-gravitometermodels are direct-reading-units, devices, and when operated in accordance with the instructions will
fellewthe deliver values consistent with ASTM definitien of for relative density (see-3.1.43). Compensation for factors, which if
neglected would cause deviation from the basic definition, is provided as follows:

2311.1.1Dried Air Standard—Install a drier at the air inlet. The instrument must use air at normglc0tent as the reference
standard.

2311.1.2 Temperature-The air and the gas should be at the same temperature. The installation of a sample line of reasonable
length relative to diameter, for example, the equivalent 06 $tm (10 to 15 ft) of 9.5-mm3e-in.) tube or pipe, will allow
sufficiently rapid heat transfer for the gas sample to reach-the-temperature of the ambient temperature before it is drawn into the
reference chamber.

2311.1.3Pressure—Reduce the gas sample to atmospheric within 6- to 13-#imtg ¥2-in.) water column at the inlet to the
apparatus. The reference air is also at atmospheric pressure. Therefore, measure both the gas and air at atmospheric pressure
Normal operating results have indicated that if the gas flow is between 0.28 to G/R(h to 25 scfh), the gas pressure would
be reduced to the prescribed pressure.

11.1.4 Power Suppl-By maintaining the voltage and line frequency between the limits specified in the manufacturer’s
manual, the speed of the electric motor remains sufficiently constant that minor variations have no effect on measurement.

23:2-When

11.2 Prior to connecting the v
turn on the motor and check the zero point on air.

ily set up instrument to receive gas,

Note 43—All instruments that include the reading 1.0 range are usually “zeroed” on air. Those that do not include 1.0 must be zeroed with a gas of
known relative density such as hydrogen,(B.07), helium (He, 0.14), or methare{GHCH4, 0.554). Turn on gas valve, allow to purge for 1 or 2 min,

and then record thereadings—can-berecorded.
METFHOB—-G—UGE-measurement.

METHOD C—UGC GRAVITOMETER

124. Apparatus

124.1 The UGC gravitometer operates on the principles of equal and opposite force. On the ends of a mechanical beam balance,
and at equal distance from the pivot point, are two identical floats. One float is specific and contains a gas sample with a known
relative density. The other float is the sample float through which is passed a sample of the gas that is being measured. The pressure
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in the two floats is kept equal by a pressure loaded regulator. This equialization of pressure prevents error as a result of
environmental conditions such as atmospheriec-pressure-dew-dust-and-so forth. pressure variations. A variation in the mass of the
gas passing through the sample float in relation to the known sample-inthe dualed balanced float will cause the beam balance to
be displaced. A change in the position of the beam balance is transcribed onto a recording chart and translated to relative density.

I 124.2 Because of the volumes of the floats and the necessary piping, there is a lag in response time, both on increasing and
decreasing densities. This lag is dependent on flow rate through the equipment and is illustrated by the manufacturer’s curves.

I 124.3 A more detailed explanation of the theory of operation of this instrument may be found in the UGC gas gravitometer
manual.

2513. Procedure
2513.1 Once the UGC gravitometer has been installed, calibrated using a certified reference gas, and placed in operation, the

oebtairing-of-the relative density of the gas being measured is recorded-en-a-matter-efreading-the+ecording chart.

26— circular chart or using a data acquisition system.

14. Calculation
2614.1 The UGC gravitometer is direct reading and there are no calculations to make when a relative density reading is desired.

24—

15. Precision and Bias
2715.1 No precision data is available for these -test-methods—however—the—Committee—is—interested—in—eonducting an

TAUT WIRE SUSPENSION

HORIZONTAL WEIGHTS .~
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REFERENCE TANK oo
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FIG. 3 UGC Gravitometer
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: ethods.
15.2 The apparatus described in these test methods for the determination of the relative densities of gaseous fuels may be
expected to give results with an accuracy*df % provided standard reference gases are used for calibration, good maintenance
practices are followed, and extremes in operating conditions are avoided. The degree of accuracy can be proved by comparing the
readings of the apparatus with standard samples that are commercially obtainable.
| 2715.3 An error of 1 % in the determination of relative density affects by 0.5 % (less at higher pressures) the measurement of
fuel gas flow by a meter employing an orifice, a pitot, or venturi tube.

28—

eadquarters.

16. Keywords
2816.1 gaseous fuels; natural gas; relative-density:—speeifie-gravity density

APPENDIXES
(Nonmandatory Information)

X1. OPERATING PRECAUTIONS FOR MORE THAN ONE OF THE METHODS LISTED

X1.1 Wet Gas

X1.1.1 When the relative density of a “wet” fuel gas is being determined, it is imperative that the pressure in the measuring
devices be maintained somewhat lower than the pressure at the source of the sample. This procedure should ensure against
condensation in the device. If condensate does appear, the test should be eliminated, the unit purged of all liquids, and the tests
repeated.

X1.2 Propane and Gasoline Vapors

X1.2.1 A source of error, which becomes appreciable with propane and may be large when the gas contains much gasoline
vapors or even butane, is absorption in the connection hoses if rubber tubing or rubber gasket material is used. The exposed surface
of rubber materials should be kept at a minimum, and whenever practicable, the rubber tubing should be replaced with metal. If

| rubber tubing must be used, it should be_pre-saturated with the gas to be tested by permitting a slow flow of gas through it,
overnight if practicable. The tube used for gas should never be used for air. If gases of approximately the same composition are
| to be tested in succession, it will be desirable to keep air out of the gas tubing-by-steppering closing the ends when not in use.

X1.3 Temperature of Units

X1.3.1 Special care must be taken to avoid extreme temperature changes in the units during the running of tests of recording
of relative densities. Personal contact, drafts, direct sunlight, cycling heating, or air conditioning units should be avoided.

X1.4 Corrections for Carbon Dioxide

X1.4.1 In these standards, the relative density of gaseous fuels has been designated as the ratio of the density of the gas to that
of dry air of normal CQ content, (0.03 %) at the same temperature and pressure. The composition of the outdoor air, unmodified
by products of combustion from nearby equipment, is so constant with respect to all constituents except water vapor that its density
when dried does not vary sufficiently to affect the limits of accuracy prescribed in these test methods. It is possible, however, in
a laboratory or compressor station to encounteg €@centrations far in excess of normal. Under such circumstances a correction
for excessive C@becomes necessary if the maximum attainable accuracy is desired. Wheés &@fiirely removed its effects on
| observed-specific-gravity relative density results are negligible. In the eveyisGOt removed, however, corrections for carbon
dioxide applicable to results obtained with the balance type instruments may be calculated as follows:

RD, = R(0.9998/0.52€,)

(X1.1)
where:
RD, = relative density with respect to dry air with normal C€bntent,
R = observed value uncorrected for carbon dioxide in the reference air,
0.9998 = relative density of dry air minus normal G@ontent,
C. = concentration of CQin reference air expressed as a fraction of the total, and
0.529 = difference between relative density of £&nd that of air.

X1.5 Corrections for Humidity
X1.5.1 Where the balance methods compare the sample of fuel gas directly with dry air, there is normally no correction to be

11
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made for humidity. There are special cases, however, for example in the manufactured gas industry, in which it is sometimes
desired to express relative density results under some other humidity condition of gas or air than that prevailing at the time of the
observation. In this particular case, standards for measurement designate a cubic foot of fuel gas as the quantity that will fill a space
of 1 ft2 at a pressure of 30-in. Hg and a temperature of 60°F and in equilibrium with liquid water. It is inconvenient with the test
methods listed to change the humidity of either gas or air. Consequently, the relative density determined by direct observation on
a fuel gas may be the ratio of a gas of one humidity to air of another, in neither of which the observer is directly interested.

X1.5.2 Miscellaneous Publication M-177 of the National Bureau of Standards provides several formulas that permit ready
calculation of the relative densities of gas and air under any condition of humidity in terms of their densities when dry, the density
of water vapor and the partial pressure of each component of the mixtures. In other words, they permit the calculation of the
relative densities of gas or air for any condition of either from observations made under any other conditions. Symbols used in these
formulas are as follows:

R = ratio of density of gas to density of air under any definite conditions of humidity in each;

R, = particular value oR when both gas and air are saturated,;

RD = relative density of dry gas, that is, it is the particular valudRofhen both gas and air are free from water vapor;

RD, = relative density of gas containing a partial pressgref water vapor, that is, it is a value &when the air is dry and
the gas is not;

a = partial pressure of water vapor in the air;

g = partial pressure of water vapor in the gas;

w = pressure of water vapor at saturation (when air is saturatedy, when the gas is saturategi=w );

b = barometric pressure;

h = average head of water during a determination, mm Hg;

P = total pressure at which gas or air is saturatee (h); and

0.622 = relative density of water vapor; that is, the ratio of the density of pure water vapor to the density of dry air at the same

temperature and pressure.
X1.5.3 The relative densitygD, of a dry gas in terms of the rati®, of the density of gas containing a partial pressgreyf
water vapor to the density of air containing a partial pressuy®f the water vapor is:

RD = R[(p-a)/(p—g)] + [(0.622Ra-g)/(p—9)] (X1.2)
X1.5.4 The relative densitygD, of a dry gas in terms of the rati®,, of the density of saturated gas to that of saturated air is:
RD = R + [(0.622v(Rs— 1)/(P — W)] (X1.3)

X1.5.5 Another special case of equation would be the relative deRdy,of a gas containing a partial pressure of water vapor,
g, expressed in terms of the relative densRyp, of the dry gas as follows:
RD, = RD[(P-g)/P] + (0.622)/g)
(X1.4)
X1.5.6 Still another special case of equation involves a method for expressing the relative &Bgsignder the conventional
standard conditions used for designating the heating value of fuel gas in the manufactured gas indus®y=36f. Hg and
g =the vapor pressure of water at 60°F. In this case,

RD, = 0.98265 + 0.0108
(X1.5)

X1.6 Corrections for the Effect of Water Vapor and Carbon Dioxide on the Density of the Gas in the Direct Weighing
Methods

X1.6.1 Because the instruments are not tightly enclosed, their readings are affected by the water vaperamedOn the
surrounding air. Effects of the C&ontent can be neglected only if the atmosphere is unquestionably fresh air or if an analysis
shows the CQcontent of the air to be negligibly small.

X1.6.2 If the apparatus is set to record the true relative deriRDy,when in dry air of normal CQcontent, the following
correction which is based on the difference between the reading with the test gas and that with a calibrating gas of known relative
density will apply:

Q= RD-R-(RD,—R,) = -0.38TW-W,) + 0.529C-C,) (X1.6)
where:
Q = correction to be added to the reading to the apparatus,
RD, = true relative density of the calibration gas,
R = reading in contaminated air,
Ry = scale reading at time of calibration,
w = fraction of water vapor by volume in the reference air,
W = fraction of water vapor by volume in the air at time of calibration,
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C = fraction of CQ, by volume in reference air,
Co = fraction of CQ by volume in air at time of calibration, and
0.529 = difference between the relative density of £&nd that of air.

X1.6.3 In case the apparatus has been set to record relative density correctly when not surrounded by dry air but by air of
assumed water content, there must also be added to the relative density the difference between 1.000, the density of dry air and
the density of the surrounding atmosphere assumed in calibration.

X1.7 Correction for the Effect of Humidity on the Chart

X1.7.1 In very precise work, especially when unusual conditions of humidity exist, the difference of reading caused by the
change of dimensions of the chart should be determined and applied if it is large enough to be significant. Before this correction
can be made, however, it is necessary to measure the expansion of the chart paper at two humidities in two directions (parallel to
and at right angles to the length of roll) as it comes from the paper making machine. Charts are usually printed with the* 6 o’clock
axis” in the direction of the minimum and the “12 o’clock axis” in the direction of the maximum expansion. Here the correction
to be added algebraically is:

K =[dxr —ry) + (y = X)(r — rp) sina | (X1.7)

=
>
[¢]
@
@D

expansion in the direction of “6 o’clock axis,” is percent per 1 % change of relative humidity;

expansion in the direction of the “12 o’clock axis;”

distance from the center of the chart to the pen terms of the unit of relative density on the scale of chart;

angle between the line from pen to center of the chart and the “6 o’clock axis;”

percent relative humidity at the time of observation;

percent relative humidity when the chart was printed; and

percent relative humidity when the instrument reads correctly (after correction has been made as previously described for
the buoyant effect of water vapor) on the “6 o’clock axis.”

R o X

Note X1.1—When integrating the chant,should be taken as the percent of average relative humidity during the time represented by the chart and
sin=0.5.

X2. SPECIAL INSTRUCTIONS FOR APPARATUS
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X2-:6-Ranarex Recording and Indicating Gravitometer

X2.61.1 Manufacturer’s instructions should be followed in making adjustments to maintain satisfactory operation. In instances
in which the calibration is consistently in error after repeated checks, the following outline of requirements should be checked in
the sequence listed and the proper adjustments made.

X2.61.1.1 Adequate flow of gas through sampling system.

X2.61.1.2 Free flow of gas and reference air through the instrument.

X2.61.1.3 Indicator free to respond, not “sluggish.”

X2.61.1.4 No leakage between air and gas in sampling system or instrument.

X2.61.1.5 Indicator in static balance with motor stopped.

X2.61.1.6 Indicator “zeroed” or standardized accurately.

X2.61.1.7 Gas inlet flow adjustee-to:

to:
—Testcargravitometer : : S
I Portable gravitometer 0.22 to 0.28 m/h (8 to 10 scfh)
Precision recording 0.42 to 0.57 m%/h (15 to
gravitometer 20 scfh)
X2.61.1.8 Silica gel of air drier in activated condition.
X2:6-1-9-Correct-eleetric-supply:
——Testcargravitometer
—6V-de —6:0 to-6-3-%
6 V dc 6.0
X2.1.1.9 Correct power supply. Refer-to-6-3 \
—i2vdc 12:6to-126-V
——Voltage }, 5% Fregueney 2%

X2.6.2—lf technical documentation provided by the manufacturer.

X2.1.2 If readings are not accurate withiti % of known standard gases, the user is encouraged to perform these nine tests.
If the error persists the calibration is listed in the manufacturer’s instructions may be adjusted, but should be attempted only as
a last resort.

X272 Recording UGC Gravitometer

X2.#2.1 The calibration of this instrument should be done following instructions as listed in the manufacturer’s bulletins.
X2.#2.2 The instrument should be checked for leakage in the floats, tanks, pressure regulator, and connecting tubing if erratic
readings are obtained. Particular care should be used to install this instrument where there is no vibration.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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