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1. Scope 3.1.1 density—mass per unit of volume of the fuel gas or air

1.1 These test methods cover the determination of relativB€ing considered. _ _
density (specific gravity) of gaseous fuels, including liquefied 3-1.2 gaseous fuel-material to be tested, as sampled, with-
petroleum gases, in the gaseous state at normal temperatufé4§ change of composition by drying or otherwise.
and pressures. The test methods specified are sufficiently varied3-1-3 relative humidity—ratio of actual pressure of existing
in nature so that one or more may be used for laboratoryVater vapor to maximum possible pressure of water vapor in
control, reference, gas measurement, or in fact, for any purpodB€ atmosphere at the same temperature, expressed as a
in which it is desired to know the relative density of gas orPércentage.

gases as compared to the density of dry air at the same 3.1.4 relative density-ratio of the density of the gaseous
temperature and pressure. fuel, under the observed conditions of temperature and pres-

1.2 The procedures appear in the following sections: sure, to the density of dried air, of normal carbon dioxide
content, at the same temperature and pressure.

Section
Method A, Ac-Me Gravity Balance 7-9 « . P
Method B. Ac-Me Recording Gravitometer 1012 Note ZTIn th_e_se test_m?thods the term rg!atlve d_ensr[y has re_placed
Method C, Arcco-Anubis Recording Gas Gravitometer 13-15 the Ferm s_peaﬂc gravity.” The term, specific grawty, as used in the
Method D, Arcco-Anubis Portable Gas Balance 16-18 previous edition of these test methods, was not technically correct usage.
Method E, Kimray Gravitometer 19-21
Method F, Ranarex Recording and Indicating Gravitomete 22 and 4. Summary of Test Methods
Method G, UGC Gravitometer 25_326 4.1 Method Using Pressure Balaneedn this test method,

NOT.E 1—The test methods and apparatus desc_rib_ed herein are reprg—al IZ\ ?16(1:2 (;?Jr(:zlensgsi\flel)tl)uilr? Zi?daggu?geggzlgg; Isa d?urg’t:ggt tftwoe
sentative of methods and apparatus used broadly in industry. Manufactur- 1O !
er's instructions for specific models should be consuilted for further detail®re€ssure within the balance case. The absolute pressures are
as supplements to the information practical to cover here. Itis not intende@ietermined by means of a barometer and a mercury-filled
to imply that there are not other equally accurate and satisfactorynanometer, and the relative density is computed from the ratio
instruments commercially available or that others will not be developed irof absolute pressures. Pressure balance instruments vary in
the future. size, method of supporting the balance beam, sealing the
1.3 This standard does not purport to address all of thebalance case, and other minor details of construction. However,
safety concerns, if any, associated with its use. It is thahey are all subject to corrections and errors of the same kind,
responsibility of the user of this standard to establish appro-although not necessarily of the same magnitude.
priate safety and health practices and determine the applica- 4.2 Method Using Displacement Balaneedhis test

bility of regulatory limitations prior to use. method uses instruments that depend on the principle of
balancing the weight of a given volume of gas at atmospheric
2. Referenced Documents pressure by displacement of the center of gravity of a balance
2.1 ASTM Standards: beam. The amount of this* deflection,” subject to correction,
D 1145 Test Method of Sampling Natural Gas measures the relative density. Instruments of this class may be
D 1247 Method of Sampling Manufactured Gas either of the indicating or recording type. Apparatus of this
. general classification varies even more widely in construction
3. Terminology than the pressure balance covered in 4.1.
3.1 Definitions: 4.3 Centrifugal Force Methods-This test method measures

the difference in centrifugal force between the gaseous fuel
1 These test methods are under the jurisdiction of ASTM Committee D-3 onbelng teSt_ed and a reference gas (alr)’ as both are accelerated
Gaseous Fuels and is the direct responsibility of Subcommittee D 03.03 olY @ specially designed wheel.
Determination of Heating Value and Relative Density of Gaseous Fuels. 4.4 Kinetic Energy—This test method measures the ratio of
Current edition approved March 29, 1985. Published June 1985. Originallythe change in kinetic energy between an impeller and an

published as D 1070 — 52. Last previous edition D 1070 — 73 (1979). . . . .
2 Discontinued-See1986 Annual Book of ASTM Standardékl 05.05. 'mpUIse wheel Operatmg In gas and another 'mpe”er and
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impulse wheel operating in a reference gas (air). Thesbalance. Close first valve.
measurements are in terms of the torques of the impulse wheelsg.1.2.2 Open second valve and pull a vacuum of about 650
that are proportional, respectively, to the gas and air densitiegam, then close second valve. Unlock the balance beam by
5. Significance and Use turning locking level coppterclpckwse. The beam will therj be

. ) in an unbalanced position with the zero above the hairline

5.1 These test methods provide accurate and reliable metkygicator.

ods to measure the relat|veb dgnsnyhpfhgaseouts; fuels donf ang 1.2.3 Observe the scale from such a position that the
intermittent or continuous basis, which may be used fOfaqection of your eye in the look glass is centered on the
regulatory or contract compliance custody transfer and proce§g,irine. Admit air through first valve and air dryer until the
control. beam begins to fall. Then pinch down the flow of air through
6. Sampling first valve so that the air can be cut off at exactly the right

6.1 The sample shall represent the gas being sampled am]stant to _keep the beam in the balgnced position. Observe the
shall be taken from its source without change of form Orscale noting how far the zero swings above and below the

composition. Sample natural gases in accordance with Te&a'.rlm.e' The beam is balanced when the zero of the. scale is
inging an equal amount above and below the hairline.

Method D 1145. Sample manufactured gases in accordanck _ . .
with Method D 1247. 8.1.2.4 When t_)alance is obtained, lock instrument and read
and record the air vacuum shown on the manometer. Record
METHOD A—Ac-Me GRAVITY BALANCE the temperature within the balance.
(Four-Spring Type) 8.1.3 Gas Reading
8.1.3.1 Close the valve on the air dryer and close Valve 1.

7. Apparatus
7.1 Ac-Me Gravity Balance (Four-Spring Typeyressure- 'tl)'glear;]é)é)en Valve 2 and pull a vacuum of about 650 mm on the

tight cylindrical container mounted on a base board. Inside the .

container is a balance beam with a sealed float at the back and8.'1'3'2 Open gas supply valve and admit gas to the balance
graduated scale at the front. The beam is suspended at tHQt'I the pressure reads a}bout 650 mm. (Do not exceed
center by thin flat springs. A window for viewing the scale is manometer maximum reading or the balance may be dam-
provided at the front of the container. The balance beam ma?ged') ) .
be locked by a cam mechanism when the instrument is not in 8.1.3.3 Repeat 8.1.3.1 and 8.1.3.2 three times. The third

use. Valves for introducing gas and air samples are providedime Will leave only about 0.05 % air in the balance. If the
7.2 Carrying Case for transportation or storage. balance is purged by flowing gas through it, the purging should
7.3 Air Dryer, to dehydrate air samples (silica gel). be continued until two successive readings (8.1.3.4) check.

7.4 Tripod, to support the balance firmly. 8.1.3.4 Unlock the instrument and release gas pressure

7.5 Pressure-Vacuum Pumm transfer Samp|es and adjust through Valve 2 until balanced pOSition of beam is reached.
pressure in the balance. Follow the same method as described for the air reading in

7.6 Mercury Manometer?GO mm, to measure pressure in 8.1.2.4. When balance iS Obtained, |0Ck the instl’ument and
the balance. record the gas pressure shown on the manometer. Record the

7.7 Aneroid Barometertemperature compensated to con-temperature in the balance.
vert balance pressure readings to absolute pressures. (AbsolUt® .- 3 \when the gas supply is under a vacuum or has a high content

pressure not corrected to sea |eV_E|-) o . of hydrocarbons heavier than ethane, keep the gas pressure within the
7.8 Rubber Hose6.35 mm {4in.) inside diameter, four balance below that in the source line or container to avoid condensation in
lengths with brass swivel connections to join the balance to it¢he balance. If necessary, readjust instrument to balance on gas at a

operating accessories. vacuum about 20 mm higher than that in the sampling source.
7.9 Sampling Hose6.35 mm { in.) with swivel connec- 8.1.4 Air Check Reading
tions and two male 6.35-mn¥4in.) pipe adapters. 8.1.4.1 Close gas supply valves. Open second valve and pull

7.10 Additional Apparatus-Refer to the manufacturer's .\ --,um of about 650 mm.

gt;:][:r: folch:l;tlgetrolr;foergﬁélﬂozréls;zes, assembly, and other 8.1.4.2 Admit air through the air dryer to the balance until
PP P ' atmospheric pressure is reached. Close first valve.

8. Procedure 8.1.4.3 Repeat 8.1.4.1 and 8.1.4.2 at least three times or

8.1 Assemble and set up the balance in accordance with tHétil two successive readings (8.1.4.4) will check.
manufacturer’s instructions, making certain that it is firmly 8.1.4.4 Open second valve and pull a vacuum of about 650
supported, level, and is not disturbed during the entire tesim, then close second valve. Unlock instrument; admit air
Take and record the following four readings: through first valve to bring the beam to the balanced position

8.1.1 Average Barometric ReadirgRead the aneroid ba- as when taking the first air reading.
rometer at the beginning and end of each test, and record the8.1.4.5 When balance is obtained, lock instrument; read and
average of these two readings. record the air vacuum shown on the manometer. Record the

8.1.2 Air Reading temperature in the balance. This reading must check with the

8.1.2.1 Admit air through first valve and air dryer until first air reading if the two temperatures in the balance are the
atmospheric pressure is reached. Record temperature in tesame. When test is complete close all valves on the balance.
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Close the cock on the air dryer to prevent moistening of silicgoressure. In this way, a continuous sample and relative density
gel. record is obtained.
10.2 Since the weight of the gas sample in the float is

9. Calculation compared to ambient air, it is necessary to compensate for

9.1 When an aneroid barometer is used in the field, it shoultarometer and temperature changes to obtain relative density at
be checked periodically with a mercury barometer. The baromstandard conditions. The automatic compensator consists of a
eter should be handled very carefully and be well packed fomercury container positioned vertically above the balance
transportation. If barometer reading is in inches and fractiongpoint of the balance beam, a mercury gage, and a dry air-filled
multiply reading by 25.4 to convert to millimetres. To convert tube for sensing temperature changes. As variations in atmo-
to absolute pressure, add barometric pressure in millimetres gpheric temperature take place, the pressure in the closed tube
both air and gas pressure readings. (If air or gas reading is oaill vary accordingly; for instance, an increase in pressure is
vacuum, subtract it from barometric pressure.) Divide thendicated by a plus reading on the mercury gage scale. The
absolute pressure for air by the absolute pressure for gas toercury displaced out of the gage by the increase in pressure
obtain the relative density of the gases shown in the followings moved into the mercury container. This adds weight above

example: the balance point and changes the center of gravity of the
Manometer Barometer Absolute balaqced system the proper amount.to correct the relative
Reading Reading Pressure density record for the temperature rise which took place.
Barometer reading: Variations in barometric pressure are compensated in a similar
753 mm ’ manner since the mercury container is open to the atmosphere
Air reading -127 + 753 = 626 and changes in barometric pressure will also force mercury in
Gas reading 204 + 753 = 957 or out of the container
Air check reading -127 '

10.2.1 The Ac—Me gravitometer is housed in a heavy sheet
Relative density= Zp—omee gas pressure 626/957= 0,654 (1)  metal case which protects the working parts. The case has

9.2 When th is a diff betw the t ‘ faccess: doors at the top and side for use when adjustment or
h - ed'? eredlsr;a lrerence be ¢ eeﬂ e emp‘fjfa ureh cHleaning is required. The gas sample enters the instrument and
the air reading and the temperature for the gas reading, Nege, nagiately reduced in pressure by an internal regulator,

temperature readings should be converted to absolute tempetgy , passes to a small flowmeter which indicates approximate

ture, by adding 460, and used in calculations as shown by th?ample rate. An inlet valve is incorporated in the flowmeter for
following example:

adjustment of the sample rate. The gas then flows through the

absolute air pressure

anometer | psoute Temperature Te’:%zc’rg‘tfre inlet tubing to the bottom of the instrument and up through the
Reading p o T float. It is discharged at the bottom past a seal of mineral oil
_ and exhausts through a large diameter pipe to the outlet.

B?;‘;’“nf;fr reading: 10.2.2 The balance beam is near the center, mounted on
Air reading -95 650 66 526 knife edges and bearings. It supports the float at one end and

o reading w po 8 o2 the balance weight with microweights at the other end. A
¢ ] ) ) vertical arm extending upward from the balance beam connects

Relative density= (P air/P ga9 x (T gasT ai) @ to alink, the pen arm assembly, and pen arm, transmitting the

= (650/942 X (528/526 = 0.693(first air reading motion of the balance beam to the chart. The mercury container

Relative density= (655/942 X (528/530 (3) is vertical and at the balance point of the balance term. The

= 0.693(air check reading

METHOD B—Ac-Me RECORDING
GRAVITOMETER

sensitivity weight is vertically below the balance point. This
combination is the mercury column. A rubber tube and steel
tubing connect the mercury column to the compensator gage
fastened to the rear of the case. The upper end of the
compensator gage is attached to the rear of the case. The upper
end of the compensator is attached to one end of the compen-

10. Apparatus
10.1 Ac—Me Gravitometelis a continuous balancing instru- s_ator tbe, the compe_nsator valve, and compensator dryer. An
oil seal and a levomatic oiler are located at the lower end of the

ment which weighs the difference between the weight of . . , .
fixed volume of air and the weight of the same volume of gaasﬂ0avtv'e'ﬁdg;s;aggsls%zs?rli\zﬂ}g?i?];cérkilﬁg(?:;n%\tlg? Instrument

under the same temperature and pressure conditions. The gag?s
contained within a float that is suspended from a balance bea_uﬁ Procedure

by knife edges and hook bearings. The weight of the metal in™"

the float is counterbalanced by a balancing weight; therefore, 11.1 Allow the instrument time to reach temperature equi-
the force that moves the balance beam and the recording pdRrium with its surroundings. Set the mercury level in the
arm is the difference in the weight of the gas in the float and th€ompensator gage glass as follows:

buoyance of the air surrounding the float. The gas whose 11.1.1 Determine the barometric pressure then existing at
relative density is being measured is reduced in pressure #te instrument. Read the thermometer. Refer to the compensa-
entrance to the instrument and flows continuously through théor chart in the cover of the instrument and from the intersec-
float after which it is exhausted to atmosphere at atmospheriton of the temperature (vertical) and barometer (horizontal)
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lines follow the diagonal lines to the corresponding compen- METHOD C—ARCCO-ANUBIS RECORDING GAS
sator gage readings. Set this reading by connecting a pump or GRAVITOMETER

hand aspirator to the compensator dryer nipple and carefulg

applying enough pressure or vacuum to bring the mercury level3: Apparatus

to the proper scale reading. 13.1 Arcco-Anubis Recording Gas Gravitometisra direct-
11.1.2 Turn on the gas to the sample line and observe th¥W€ighing instrument designed to produce a temperature, baro-

flowmeter on the face of the instrument. Adjust the flow rate byMetric pressure, and humidity-compensated record of the

means of the inlet valve at the top of the flowmeter inside thé€lative density of gases. , , _

instrument. A rate of 0.17 #h (6 f€/h) is suggested as normal: 13.1.1 This instrument consists of two inverted, thin wall

however, it may be varied between 0.1¥/m(4 f/h) and 0.45 " cups or bells suspended on knife edge links and with the lower

m3h (16 ft/h), if desired. Higher rates are not recommended.be" edges submerged in oil to form a gastight seal. They are
equal distances from the fulcrum of a balance beam that drives

11.1.3 The instrument is now in ope_rat_lon, and as SOoN ag,e indicating and recording pen. One bell restrains the sample
the gas sample has replaced the air in the float, it willyag \yhile the other accommodates dry reference air. The
continuously record the gas relative density. difference in weight between the dry air and gas produces an

11.2 To ensure that the instrument has not been disturbednbalance in direct proportion to the relative density of the gas.
bumped, or otherwise dislocated and is operating properly, it 13.1.2 Refer to the manufacturer’s literature for further
may be desirable to recalibrate occasionally. Before such mformation on sizes, assembly, and other details applicable to
recalibration, completely purge the instrument of gas since angpecific models.
gas remaining in the float will result in error in the calibration.

11.3 If it is desired to check the instrument reading without14- Procedure o .
purging and recalibrating, this may be done by using a relative 14.1 The gas being inspected flows under the “working
density balance for spot checks. Make such a check at a timfell” and out through a vertical gas column or “stack.” A
when the relative density recording is constant so there will b&olumn of equal height contains dry air which exerts its weight
no difference between the balance sample and the gas in the the underside of its bell. The dn_‘ference |n_we|ght exerted by
instrument. Draw the balance sample from the piping jusfhe two cqlumns on the unders_|de of their equivalent bells
ahead of the instrument. A minor adjustment of microweightste”ds to raise or lower them causing a movement of the balance
may be used to bring the instrument chart reading intg*€am and recording pen in direct ratio to the relative density of
agreement with the balance check, if desired. the gas flowing through the instrument.

11.4 Check the reading qf the co_mpensator gage to see if it5. Calculation
agre(?s with the scale readmg obtained from thg Compensator15.1 The Arcco-Anubis gas gravitometer is direct reading
chart; however, no change in the mercury setting should bg ! :

X . nd no calculations are required.
made unless there has been no change in ambient temperature
for at least 1 h. Failure on the mercury gage readings to check METHOD D—ARCCO-ANUBIS PORTABLE GAS
with the chart readings may be caused by one of the following BALANCE
items:

11.4.1 Rapid Temperature ChangeDuring periods of 16. Apparatus
rapid temperature change, the compensator may not have hadl6.1 Arcco-Anubis Portable Gas Balands an indirect
time to reach ambient temperature and consequently the gagegighing instrument. It is designed primarily to meet the
reading will not yet have come to the chart reading. In thisconditions of field service, but is equally adapted to laboratory
case, do not reset the gage reading as it would introduce dise.
error that would remain until the next check. 16.2 This instrument consists of a balance-type beam that

11.4.2 Moist Air or Free Water in Compensator Tub& he has a buoy or float on one end and a counterweight and pointer
chart is computed on the basis of having dry air in the®n the other end. This beam assembly is suspended in a closed
compensator tube, and since moist air has a differeniube that has a glass at one end to enable the operator to

temperature-pressure-volume characteristic, it will not produc@PServe the position of the float and pointer with respect to a

gage readings that agree with chart readings. When adjus’[ir‘f‘g‘fll'br""t'On scale.
the compensator gage reading, connect the pump or aspirator{¢  prqcedure
the hose nipple on the air dryer to prevent introducing

; ; e 17.1 Make relative density determination by admitting air to
ture. When th t (sil l) h T ;
moisture en the drying agent (silica gel) has becomz)he sealed chamber and pressurizing it sufficiently to cause the

eam to balance in the horizontal position. Note the pressure
reading on the manometer. Repeat this operation, using the gas
under inspection.
17.2 Convert these two manometer readings to absolute
pressure by adding each to the barometric pressure. The
12.1 The Ac—Me recording gravitometer is direct readingrelative density then becomes absolute pressure air/absolute
and no calculations are required. pressure gas. This basic method is normally reserved for the

saturated with moisture, as shown by its turning pink, bake i
dry or replace with new material. In extreme cases, it may b
necessary to purge the compensator tube with dry air.

12. Calculation



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

iy D 1070
laboratory determinations because of the need for a manometer METHOD F—RANAREX RECORDING AND
and a pressure-vacuum pump. An important feature of the RANAREX
Arcco instrument for field and related applications is a movable INDICATING GRAVITOMETER

scale that will calibrate at atmospheric pressures thereb
requiring only a barometric reading plus the balance reading2- Apparatus

for the relative density determination. 22.1 Ranarex Recording Gravitometes a kinetic-type in-
strument designed for use in a stationary location to determine
18. Calculation and record continuously relative density. The Ranarex indicat-

18.1 The Arcco-Anubis portable gas balance requires th#'9 gravitometer is a model of the kinetic-type instrument

usual application of Boyle’s and Charles’ laws unless a grap|L;Iesigned for portable service_and t_o indicate only. _A special
supplied with the instrument is used. version of the portable model is designed for operation in test

cars.
22.1.1 Apparatus using the same principle is common to the
various models of these kinetic-type instruments. The chassis,

18.1.1 Calculate the relative density as follows:

Relative density= density reading

50—in. Hg sample temperature °F abs o . :
X 3b% pressure sample T, Hg 550°F abs (4)  consisting of_a main body section and two chamber doors,
forms two cylindrical chambers that are gastight to each other
18.1.2 By use of graph: and to outside air and have inlet and outlet connections. Each
relative density= density reading< factor from graph chamber contains an impeller and an impulse wheel, facing
(5  each other but not touching, similar to the arrangement used in
automotive* fluid drives.” An electric motor and drive belt
METHOD E—KIMRAY GRAVITOMETER rotate the impellers at the same speed but in opposite direc-
tions. Heavy aluminum covers enclose and protect the entire
19. Apparatus mechanism.

19.1 Kimray Gas Gravitometeis a manually operated 22.1.2 The impeller in the lower chamber draws in a
instrument for determining the density or relative density ofcontinuous flow of the gas being tested and rotates it at high
gases. speed against the vanes of the companion impulse wheel. As

19.1.1 The basic principle of centrifugal force is used withthe rotating gas impinges on the impulse wheel vanes, it
the apparatus. Gas whose relative density is to be measuré@idergoes a change in kinetic energy that creates on the lower
enters axially into one side of a specially designed wheel thadfnpulse wheel a torque proportional to the density of the gas.
is rotated by an external drive motor and is discharged abimilarly, the impeller in the upper chamber draws in a
peripheral openings in the wheel. The centrifugal pressure hegpntinuous flow of outside air and rotates it at the same speed
thus developed is differentially measured against a similar hea@s the gas but in opposite direction. As the rotating air impinges
developed by reference gas (air) introduced into the other siden the impulse wheel vanes, it too undergoes a change in
of the rotating wheel in a manner identical to the introductionkinetic energy that creates on the upper impulse wheel, a torque
of the gas being tested. The differential head pressure igroportional to the density of the air.
measured by a manometer system. The relative density=(air 22.1.3 The impulse wheel torques are transmitted through
1) of the gas under test is directly related to the differentialPivot shafts to the external lever arms, connecting link, and
pressure, and by using a suitable scale for the two manometeigdicator, which move as a system to an angular position at
a direct reading of the relative density is obtained. which the torques balance each other. The linkage system

19.1.2 Refer to the manufacturer's literature for furtherS€rves as a mechanical computer dividing one torque by the
information on sizes, assembly, and other details applicable t8ther. At each angular position of the linkage, there is a

specific models. corresponding value of the ratio. However, since the torques
are proportional to the density of the medium in each chamber,
20. Calibration the ratio may be expressed as follows:
20.1 This instrument can be calibrated against air and density of lower chamber/density of upper chamber
against a standard sample. These procedures are fully covered ©)
in the manufacturer’s literature. 22.1.4 When the unknown gas is admitted to the lower
chamber and air is admitted to the upper chamber, the ratio
21. Procedure becomes as follows:
21.1 The Kimray gravitometer is a precision instrument and density of gas/density of air relative density
should be carefully handled to obtain an accurate relative (1)
density reading. 22.1.5 The relation between the value of this fraction and

21.2 The manufacturer’s literature describing the instrumenangular position of the linkage and indicator is calculated in
presents the theory of dynamic measurement of relative densitjesign of the instrument. The indicating scale and recording
of gases with the Kimray gas gravitometer and states thehart are graduated to read directly in relative density.
precautions necessary to obtain accurate readings. Detailed22.1.6 Refer to the manufacturer’'s literature for further
operating instructions for the instrument are given. The stepmformation on sizes, assembly, and other details applicable to
outlined should be carefully observed. specific models.
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23. Procedure atmospheric pressure, dew, dust, and so forth. A variation in the

23.1 Ranarex gravitometer models are direct-reading unitgn@ss of the gas passing through the sample float in relation to
and when operated in accordance with the instructions wilfn€ known sample in the dualed float will cause the beam
follow the ASTM definition of relative density (see 3.1.4). balance to be displaced. A change in the position of the beam
Compensation for factors, which if neglected would causdalance is transcribed onto a recording chart and translated to
deviation from the basic definition, is provided as follows:; ~relative density.

23.1.1 Dried Air Standare—Install a drier at the air inlet. 242 Because of the volumes of the floats and the necessary
The instrument must use air at normal C€ontent as the PiPing, there is a lag in response time, both on increasing and
reference standard. decreasing densities. This lag is dependent on flow rate through

23.1.2 Temperature-The air and the gas should be at the the equipment and i_s illustrated by the manufacturer’'s curves.
same temperature. The installation of a sample line of reason- 24.3 A more detailed explanation of the theory of operation
able length relative to diameter, for example, the equivalent of this instrument may be found in the UGC gas gravitometer
3to 5 m (10 to 15 ft) of 9.5-mnB-in.) tube or pipe, will allow ~ Manual.
sufficiently rapid heat transfer for the gas sample to reach the
temperature of the ambient before it is drawn into the referencé®: Procedure
chamber. 25.1 Once the UGC gravitometer has been installed, cali-

23.1.3 Pressure—Reduce the gas sample to atmosphericbrated, and placed in operation, the obtaining of the relative
within 6- to 13-mm {4- to ¥2-in.) water column at the inlet to density of the gas being measured is a matter of reading the
the apparatus. The reference air is also at atmospheric pressurecording chart.

Therefore, measure both the gas and air at atmospheric

pressure. Normal operating results have indicated that if th@6. Calculation

gas flow is between 0.28 to 0.72%h (10 to 25 scfh), the gas  26.1 The UGC gravitometer is direct reading and there are
pressure would be reduced to the prescribed pressure. no calculations to make when a relative density reading is

23.1.4 Electric Supply—By maintaining the voltage be- desired.
tween the limits specified in the manufacturer’s manual, the
speed of the electric motor remains sufficiently constant tha7. Precision and Bias

minor variations have no effect on measurement. 27.1 No precision data is available for these test methods:
23.2 When the above conditions have been met and thgoever, the Committee is interested in conducting an inter-

apparatus is satisfactorily set up to receive gas, turn on thgporatory test program and encourages interested parties to

motor and check the zero point on air. contact the staff manager, Committee D-3, ASTM Headquar-
Note 4—All instruments that include the reading 1.0 range are usuallyters.

“zeroed” on air. Those that do not include 1.0 must be zeroed with a gas 27.2 The apparatus described in these test methods for the

of known relative density such as hydrogen,(B.07), helium (He, 0.14),  determination of the relative densities of gaseous fuels may be

or methane (Cij 0.554). Turn on gas valve, allow to purge for 1 or 2min, expected to give results with an accuracy-of % provided

and the readings can be recorded. standard reference gases are used for calibration, good main-

METHOD G—UGC GRAVITOMETER tenance practices are followed, and extremes in operating
conditions are avoided. The degree of accuracy can be proved
24. Apparatus by comparing the readings of the apparatus with standard

24.1 The UGC gravitometer operates on the principles ofamples that are commercially obtainable.
equa| and Opposite force. On the ends of a mechanical beam 27.3 An error of 1 % in the determination of relative denSity
balance, and at equal distance from the pivot point, are twéffects by 0.5 % (less at higher pressures) the measurement of
identical floats. One float is specific and contains a gas sampfég€! gas flow by a meter employing an orifice, a pitot, or
with a known relative density. The other float is the sampleventuri tube.
float through which is passed a sample of the gas that is bein
measured. The pressure in the two floats is kept equal by 43- Keywords
pressure loaded regulator. This equilization of pressure pre- 28.1 gaseous fuels; natural gas; relative density; specific
vents error as a result of environmental conditions such agravity
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APPENDIXES
(Nonmandatory Information)

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

X1.1 Wet Gas Where:

X1.1.1 When the relative density of a “wet” fuel gas is RD. = relative density with respect to dry air with
being determined, it is imperative that the pressure in the normal CQ content, o
measuring devices be maintained somewhat lower than th& = observed value uncorrected for carbon dioxide in
pressure at the source of the sample. This procedure should the reference air, o
ensure against condensation in the device. If condensate dods9998 = relative density of dry air minus normal GO
appear, the test should be eliminated, the unit purged of all content, _ _
liquids, and the tests repeated. C. = concentra_tlon of CQin reference air expressed

as a fraction of the total, and
X1.2 Propane and Gasoline Vapors 0.529 = difference between relative density of ¢@nd

X1.2.1 A source of error, which becomes appreciable with that of air.

propane and may be large when the gas contains much gasoline _ o
vapors or even butane, is absorption in the connection hoses’f-> Corrections for Humidity
rubber tubing or rubber gasket material is used. The exposed X1.5.1 Where the balance methods compare the sample of
surface of rubber materials should be kept at a minimum, angliel gas directly with dry air, there is normally no correction to
whenever practicable, the rubber tubing should be replacege made for humidity. There are special cases, however, for
with metal. If rubber tubing must be used, it should beexample in the manufactured gas industry, in which it is
presaturated with the gas to be tested by permitting a slow flowometimes desired to express relative density results under
of gas through it, overnight if practicable. The tube used for gagome other humidity condition of gas or air than that prevailing
should never be used for air. If gases of approximately theit the time of the observation. In this particular case, standards
same composition are to be tested in succession, it will bgor measurement designate a cubic foot of fuel gas as the
desirable to keep air out of the gas tubing by stoppering thguantity that will fill a space of 1 ftat a pressure of 30-in. Hg
ends when not in use. and a temperature of 60°F and in equilibrium with liquid water.
X1.3 Temperature of Units It is _in_conver_1ient with theT test methods listed to c_hange t_he
' humidity of either gas or air. Consequently, the relative density
X1.3.1 Special care must be taken to avoid extreme temdetermined by direct observation on a fuel gas may be the ratio
perature changes in the units during the running of tests aff a gas of one humidity to air of another, in neither of which
recording of relative densities. Personal contact, drafts, direghe observer is directly interested.
sunlight, cycling heating, or air conditioning units should be 4 5 5 \jiscellaneous Publication M-177 of the National

avoided. Bureau of Standards provides several formulas that permit
X1.4 Corrections for Carbon Dioxide ready calculation of the relative densities of gas and air under
any condition of humidity in terms of their densities when dry,

_ . _ Yfe density of water vapor and the partial pressure of each
fuels has been designated as the ratio of the density of the g@ﬁmponent of the mixtures. In other words, they permit the
to that of dry air of normal CQcontent, ((.)'.03 %) at the same calculation of the relative densities of gas or air for any

temperature and pressure. The composition of the outdoor ai

dified b ducts of bustion f b ) t&Jndition of either from observations made under any other
unmodihied by products of combustion from nearby equipment, , , itjqng Symbols used in these formulas are as follows:

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. IR = ratio of density of gas to density of air under any
is possible, however, in a laboratory or compressor station to definite conditions of humidity in each;
encounter CQ concentrations far in excess of normal. Under Rg = particular value ofR when both gas and air are
such circumstances a correction for excessive, B&comes saturated;
necessary if the maximum attainable accuracy is desired. WheRD = relative density of dry gas, that is, it is the
CO, is entirely removed its effects on observed specific gravity particular value oR when both gas and air are free
results are negligible. In the event €Qs not removed, from water vapor,
however, corrections for carbon dioxide applicable to resultsRD, = relative density of gas containing a partial pressure,
obtained with the balance type instruments may be calculated g, of water vapor, that is, it is a value Bfwhen the
as follows: air is dry and the gas is not;

a partial pressure of water vapor in the air;

RD; = R(0.9998/0.52€,) X1.1) g partial pressure of water vapor in the gas;
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w = pressure of water vapor at saturation (when air is where:
saturated,a = w, when the gas is saturated, Q = correction to be added to the reading to the
g=w); apparatus,

b = barometric pressure; RD, = true relative density of the calibration gas,

h = average head of water during a determination, mm R = reading in contaminated air,
Hg; Ro = scale reading at time of calibration,

P = total pressure at which gas or air is saturated W = fraction of water vapor by volume in the reference
(b+h); and air,

0.622 = relative density of water vapor; that is, the ratio of W, = fraction of water vapor by volume in the air at
the density of pure water vapor to the density of time of calibration,

fraction of CQ, by volume in reference air,

fraction of CQ, by volume in air at time of

calibration, and

difference between the relative density of C4nd

that of air.

X1.6.3 In case the apparatus has been set to record relative

RD =R(p-a/(p-9)]+[(0622Ra-0/(p-9)]  (X1.2)  density correctly when not surrounded by dry air but by air of

X1.5.4 The relative densityRD, of a dry gas in terms of the assumed water content, there must also be added to the relative

ratio, R, of the density of saturated gas to that of saturated aiglensity the difference between 1.000, the density of dry air and

is: the density of the surrounding atmosphere assumed in calibra-

tion.

dry air at the same temperature and pressure.

X1.5.3 The relative densitygD, of a dry gas in terms of the Co
ratio, R, of the density of gas containing a partial pressate,

of water vapor to the density of air containing a partial 0.529

pressureq, of the water vapor is:

RD = R; + [(0.622v(R;— 1)/(P—W)] (X1.3)

X1.5.5 Another special case of equation would be thex1.7 Correction for the Effect of Humidity on the Chart
relative densityRD,, of a gas containing a partial pressure of X1.7.1 In very precise work, especially when unusual con-

water vaporg, expressed.m terms of the relative densRy) ditions of humidity exist, the difference of reading caused by
of the dry gas as follows: the change of dimensions of the chart should be determined
RD, = RO[(P-g)/P] + (0.62)/9) and applied if it is large enough to be significant. Before this
(X1.4)  correction can be made, however, it is necessary to measure the
X1.5.6 Still another special case of equation involves aexpansion of the chart paper at two humidities in two directions
method for expressing the relative densiBD,, under the (parallel to and at right angles to the length of roll) as it comes
conventional standard conditions used for designating th&om the paper making machine. Charts are usually printed
heating value of fuel gas in the manufactured gas industrywith the* 6 o’clock axis” in the direction of the minimum and
HereP = 30-in. Hg andg = the vapor pressure of water at the “12 o’clock axis” in the direction of the maximum

60°F. In this case, expansion. Here the correction to be added algebraically is:
RD, = 0.98265 + 0.0108 K =[dxr —ry) + (y = x)(r —rg)sina ] (X1.7)
(X1.5)
where:

X1.6 Corrections for the Effect of Water Vapor and x = expansion in the direction of "6 o'clock axis,” is
Carbon Dioxide on the Density of the Gas in the percent per 1% change of relative humidity;
Direct Weighing Methods y = expansion in the direction of the “12 o’clock axis;

_ _ d = distance from the center of the chart to the pen terms
X1.6.1 Because the instruments are not tightly enclosed, of the unit of relative density on the scale of chart;
their readings are affected by the water vapor ang @tent o = angle between the line from pen to center of the chart

in the surrounding air. Effects of the GQrontent can be and the “6 o’clock axis;”
neglected only if the atmosphere is unquestionably fresh air orr percent relative humidity at the time of observation;
if an analysis shows the G@ontent of the air to be negligibly rq percent relative humidity when the chart was printed;

small. and
X1.6.2 If the apparatus is set to record the true relativels = percent relative humidity when the instrument reads
density, RD, when in dry air of normal CQ content, the correctly (after correction has been made as previously
following correction which is based on the difference between described for the buoyant effect of water vapor) on the
the reading with the test gas and that with a calibrating gas of “6 o'clock axis.”
known relative density will apply: Note X1.1—When integrating the chart, should be taken as the
Q = RD—R—(RDy—Ry) = -0.387W~-W) + 0.529C - C,) percent of average relative humidity during the time represented by the

(X1.6) chart and sin= 0.5.
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X2. SPECIAL INSTRUCTIONS FOR APPARATUS

X2.1 Ac-Me Gravity Balance and cleaned up. The plastic tubing has been found to deterio-

X2.1.1 When the Ac-Me gravity balance is used as the@te in time in some areas, and it should be periodically
standard instrument for establishing relative density of referchecked for leaks.

ence gases, the greater degree of accuracy necessary for thi&2.5.3 Proper Oil Levet—The oil level should be checked
purpose requires that: frequently. If the air manometer pot is less than half full, the air

X2.1.1.1 Room temperature must be held very constant, check reading will not be correct even if the static manometer

X2.1.1.2 There should be no pressure variation in the roonfeVels are okay.

such as might be caused by the cycling of an air conditioner, X2.5.4 Ele_ctncal Problems—A constant voltage regulator _
X2.1.1.3 Avery accurate mercurial barometer must be usedN@y be desirable where voltage sources vary such as units
X2.1.1.4 Manometer mercury must be clean, operating from a car battery since stable volta_ge is a require-
X2.1.1.5 Correction factors for mercury expansion andMent for rapid testing. Corrosion on the batteries or the head

scale material expansion should be used for both the barometg@ntroller will cause faulty operation and should be checked
and the mercury manometer, frequently and cleaned when necessary.

X2.1.1.6 The balance should be insulated for additionalk2.6 Ranarex Recording and Indicating Gravitometer

tegge;eft;re;tal;%y, ure reference air or nitroaen should be X2.6.1 Manufacturer’s instructions should be followed in
used. o y P 9 Mmaking adjustments to maintain satisfactory operation. In

%2.1.1.8 Temperature stability of the gas sample must binstances in which the calibration is consistently in error after
mainiain(.ad andp Y 9 P ?epeated checks, the following outline of requirements should

X2.1.1.9 The entire system must have a periodic chec be checked in the sequence listed and the proper adjustments

; - ade.
against a reference gas of certified value. X2.6.1.1 Adequate flow of gas through sampling system.
X22 Ac-Me Recording Gravitometer X2612 Fl’ee ﬂOW Of ga.S and reference ail’ through the
.instrument.

X2.2.1 It is recommended for most accurate relative densi-

ties that the gravitometer be installed in a temperature- %2614 No leakage between air and aas in samplin
controlled housing unit that is free from drafts and contami- B 9 9 piing
system or instrument.

nated atmosphere. It should be insulated against vibration an X2.6.1.5 Indicator in static balance with motor stopped.

shock to protect the knife edges. X2.6.1.6 Indicator “zeroed” or standardized accurately.
X2.3 Arcco-Anubis Recording Gas Gravitometer X2.6.1.7 Gas inlet flow adjusted to:

) i H Test car gravitometer 0.22 to 0.28 m%/h (8 to 10 scfh)
re?:(()zﬁwsﬁ"nler;r dhee d maan?iu‘cg(r:;ur(?(;\?ell‘:)ergciel’?u(;i?aiﬁo"incagg{|1?i?ﬁn lfll(;e Precision recording gravitometer 0.42 to 0.57 m%/h (15 to 20 scfh)
105-D-R2. This bulletin offers a choice of standard gas check X2.6.1.8 Silica gel of air drier in activated condition.
or air check, or both, as well as an alternate dead weight check X2.6.1.9 Correct electric supply:

X2.6.1.3 Indicator free to respond, not “sluggish.”

of range. Test car gravitometer
6V dc 6.0t0 6.3V
X2.4 Arcco-Anubis Portable Gas Balance 12 Vde 12010126V
Precision recorder
X2.4.1 The manufacturer's procedures for calibration are Voltage |, 5 % Frequency |, 2 %

recommended and are covered in detail in Bulletin No. 106-R1. x2 6.2 |f readings are not accurate withita % of known

. . standard gases, the user is encouraged to perform these nine
X2.5 Kimray Gravitometer tests. If the error persists the calibration is listed in the

X2.5.1 Manufacturer's recommendations should be reaghanufacturer's instructions may be adjusted, but should be
and followed to assure correct use of the Kimray instrument. ”bttempted only as a last resort.

addition to these instructions, the following precautions should ) ]

be observed. (Some of these instructions are listed by th&2.7 Recording UGC Gravitometer

manufacturer but are repeated here for emphasis.) X2.7.1 The calibration of this instrument should be done
X2.5.2 Dirty Sample—This instrument should be protected following instructions as listed in the manufacturer’s bulletins.

against contaminated samples that tend to clog the tubing or X2.7.2 The instrument should be checked for leakage in the

collect on the rotor. Continued instability of the instrumentfloats, tanks, pressure regulator, and connecting tubing if

may indicate that a buildup of dirt may be in the lines or on theerratic readings are obtained. Particular care should be used to

rotor. To correct this, the instrument should be broken dowrinstall this instrument where there is no vibration.



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

iy D 1070

The American Society for Testing and Materials 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 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, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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