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Indian Sandard

SPECIFICATION FOR
DENSTY HYDROMETERS

PART | REQUIREMENTS

( First Revision )

0. FOREWORD

0.1 This Indian Standard ( Part 1) ( First Revision) was adopted by the
Indian Standards Institution on 28 January 1982, after the draft finalized
by the Laboratoryware and Related Apparatus Sectional Committee had
been approved by the Chemical Division Council.

0.2 This standard was first published in 1965. However, with the revision
of ISO 649-1968 'Laboratory glassware-Density hydrometers for general
Purposes' issued by the International Organization for Standardization
(1S0), the Committee responsible for the preparation of the standard
decided to revise it with a view to aligning it with the international
standard.

0.3 In this revision, the standard has been prepared in two parts. Part |
covers requirements of hydrometers and Part Il covers methods of test
and use of these hydrometers.

0.4 Part | covers eight series of hydrometers comprising five main series
and three special sub-series. Each of the five main series comprlses
hydrometers which cover the density interval 600 to 2 000 kg m* or 0.6 to
2.0 g/ml (see 11.1). These hydrometers are graduated to indicate density
at 20° C and are appropriate for use in liquids of low, medium and high
surface tension. The hydrometers of the three special sub-series are
graduated to indicate density at either 20 or 15°C have smaller
tolerances, are limited to the range 600 to | 100 kg m® or 0.6 to 1.1 g/ml
and are meant for use in liquids of low surface tension.

0.5 While preparing this standard, need was felt to have reference
temperature of 27°C. However, this has not been possible at present, as
calibration tables are not available for 27°C. Therefore, this standard
would be reviewed to change the reference temperature from 20 to 27°C
at an opportune time.



IS: 3104 (Part ) - 1982

0.6 In this standard, atable of standard categories of surface tension is
given in Appendix A; and a table of recommended stem diameters is
given in Appendix B for the guidance of manufacturers.

1. SCOPE

11 This standard ( Part | ) specifies requirements for glass h}/drometers
having constant mass and graduated to indicate density ( kg/m® or g/ml )
at 20°C.

NOTE — Hydrometers of Special sub-series ( see 0.4 and 4.2 ) shall be graduated
to indicate density at either 20 or 15°C.

1.1.1 This standard does not cover hydrometers with built-in
thermometers.

2. TERMINOLOGY

2.0 For the purpose of this standard, the following definitions in
addition to those given in IS : 1382-1981*, shall apply.

2.1 Density — The mass in kilograms per cubic metre, (kg/m®) or in
grams per millilitre ( or cubic centimetre) ( g/ml or g/cm®) of a liquid at
a specified temperature.

2.2 Stem — The thin tubing containing the scale.

2.3 Bulb — The wider portion of the hydrometer containing the loading
material.

3. BASIS OF SCALE

3.1 The basis of the scale shall be density ( mass per unit volume) in
kilograms per cubic metre ( kg/m®). The use of grams per cubic centi-
metre ( g/cm?®), for which the symbol g/ml may be used, is accepted.

NOTE — The term millilitre (ml) is commonly used as special name for cubic
centimetre (cm?), in accordance with a decision of the twelfth Conference General
des Poids et Mesures. The term millilitre is acceptable, in general, for reference
to capacities of volumetric glassware and is used in the present text.

4. SERIES AND RANGES

4.1 Series— There shall be five main series of hydrometers, namely,
L20, L50, M50, M100 and S50.

4.1.1 There shall also be three special sub-series of hydrometers,
namely, L50SP, M50SP and S50SP.

*Glossary of terms relating to glass industry ( first revision ).
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4.2 Ranges — Each of the five mam series of hydrometers shall cover a
total range of 600 to 2 000 kg/m or O 600 to 2.000 3g/ml each hydrometer
having a range of 20 kg/m®, 50 kg/m® or 100 kg/m® or 0.020 g/ml, 0.050
g/ml or 0.100 g/ml. The lower nominal limits of the scales of the L20
series hydrometers shall be 600, 620, 640, etc, or 0.600, 0.620, 0.640, etc.
Those of the L50, M50 and S50 series hydrometers shall be 600, 650, 700,
etc, or 0.600, 0.700, 0.800, etc, according to whether the scales are based
on kilograms per cubic metre or grams per millilitre.

4.21 Each of the three sub series of hydrometers shall cover a total
range of 600 to 1 100 k%/m or 0.600 to 1.100 g/ml, each hydrometer
having arange of 50 kg/m® or 0.60 g/ml. The lower nominal limits of
the scales of the L50SP, M50SP and S50SP shall be 600, 650, 700, etc, or
0.600, 0.650, 0.700, etc, according to whether the scales are based on
kilograms per cubic metre or grams per millilitre.

5. REFERENCE TEMPERATURE

5.1 The reference temperature for density hydrometers, excluding the
special sub-series L50SP, M50SP and S50SP, shall be 20°C. When used
ina liquid at this temperature, the hydrometer shall indicate the density
of the liquid at 20°C.

5.2 The reference temperature for density hydrometers of the special
bub-series L50SP, M50SP and S50SP shall be either 20°C or 15°C. When
used in a liquid at the appropriate temperature, the hydrometer shall
indicate the density of the liquid at that temperature.

6. SURFACE TENSION

6.0 General — The adjustment shall be related to the following specific
capillary conditions.

6.1 When the hydrometer is slightly displaced from its equilibrium
position in a liquid, the stem passes through the liquid surface without
causing any apparent alteration in the shape of the meniscus.

6.2 The hydrometer scale shall be adjusted either for a given liquid
having a given surface tension or for one of the standard categories of
surface tension given in Appendix A. Except where the highest precision
is required, one of the standard categories of surface tension given in
Appendix A shall be used.

6.2.1 For hydrometers of the highest precision, intended for use in
particular liquids, for example, alcohol solutions, the surface tension

5
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values appropriate to clean surfaces of these liquids and to the actual
indications of the hydrometer shall be used [see 14.1 (c)].

NOTE — The sub-series L50SP, M50SP are limited to the low surface tension
category.

7. REFERENCE LEVELS FOR ADJUSTMENT AND READING

7.1 The scale of the hydrometers shall be adjusted for readings, taken at
the level of the horizontal liquid surface.

NOTE—If a hydrometer having a scale, so adjusted, is used in an opaque
liquid, readings may be taken at the top of the meniscus where it appears to meet
the stem, but an appropriate correction to the level of the horizontal liquid surface
should then be made (see Part Il of this standard). Alternatively, hydrometers
intended for use in opaque liquids may be adjusted for readings at the top of the
meni scus.

7.2 The middle of the thickness of a scale line shall be taken as its
definitive position.

8. IMMERSION

8.1 Hydrometers shall be graduated for use with the emergent stem dry,
except in the immediate vicinity of the meniscus.

9. MATERIALS

9.1 Bulb and Stem — The bulb and the stem shall be made of a suitable
transparent glass, selected and processed to be as free as possible from
stress and visible defects, and havmg a coefficient of cubical thermal
expansion of (25 + 2) x 10° (°C)™

9.2 Loading Material — The loading material shall be fixed in the
bottom of the hydrometer.  After the finished hydrometer has been kept
in a horizontal position for 1 h at 80°C and subsequently cooled in that
position, the instrument shall meet the requirements of 10.3.

9.3 Scale Strip — The strip on which the scale and inscriptions are
marked shall have a smooth matt surface. The strip shall show no
evidence of charring, and shall not become discoloured or distorted when
the stem is exposed for 1 h to a temperature of 80°C.

NOTE — If a hydrometer is intended to be used at a temperature above 80°C,

the loading material and the strip bearing the scale shall meet the requirements
of 9.2 and 9.3 at a temperature slightly above the temperature of use.

10. WORKMANSHIP AND FINISH

10.1 The outer surface of the hydrometers shall be symmetrical about the
main axis.



IS: 3104 (Part 1) - 1982
10.2 There shall be no abrupt changes in their cross section ( see Fig, 1).

NOTE — The tapered design shown in Fig. 1 is preferred, but any design which
does not permit air bubbles to be trapped is acceptable.

FIG. 1 PREFERRED DESIGN OF HYDROMETER BULB???
10.3 The cross-section of the stem shal remain unchanged for at least
5 mm below the lowest graduation lineon ??? scale.

10.4 The stem shall extend unchanged in diameter at least 15 mm above
the uppermost graduation line on the scale.

10.5 The hydrometer shall float with its axis vertical to within 1.5° of
arc.

10.6 There shall be no loose material in the instrument.

7
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10.7 The strip on which the scale and inscriptions are marked shall
remain securely fastened in place at the temperature of use ( see 9.3).

10.8 The scale shall be straight and without twist.

10.9 Appropriate means shall be incorporated for ensuring that any
displacement of the scale or of the strip bearing the scale is readily
apparent.

NOTE.— Any displacement renders the instrument unsuitable for use.

11. PRINCIPAL DIMENSIONS

111 The dimensions of the hydrometers shall conform to the require-
ments given in Table 1.

11.2 Stem diameter of the hydrometers shall be not less than 40 mm.

NOTE — For convenience in manufacturte, it has been found advantageous to
comply with the recommended stem diameters given in Table 2.

12. SCALE

12.0 General — No hydrometer shall have more than one type of scale.
If a hydrometer has duplicate scales, the values indicated by them shall
not significantly differ, and both scales shall comply with the requirements
of 13.

12.1 Recommended scales for the hydrometers are illustrated in Fig. 2.

12.2 Graduation Lines

12.2.1 The graduation lines shall be distinct and of uniform thickness
not exceeding 0 2 mm or one-fifth of the distance between the centres of
adjacent lines, whichever is less. For the SP series, the thickness of the
graduation lines shall not exceed 0.2 mm or one-sixth of the distance
between the centres of adjacent lines, whichever is less.

12.2.2 There shall be no evident local irregularities in the spacing of
the graduation lines.

12.2.3 The graduation lines shall be perpendicular to the axis of the
hydrometer.

12.2.4 The short, medium and long scale lines shall extend, respectively,
at least onefifth, one-third and one-half of the way round the
circumference of the stem.

12.2.5 The highest and lowest graduation lines indicating the nominal
limits of the scale shall be long lines (see12.3.1, 12.3.2 and 12.3.3).

8
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TABLE 2 RECOMMENDED STEM DIAMETERS

(Clause 11.2)
UPPER LIMIT OF NOMINAL SERIES SERIES SERIES
RANGE L20, L50 AND M50, M100 S50
L50SP AND M 50SP AND S50SP
—— A = ——

@ (2 ©) @ (5)
kg/m? g/ml mm mm mm
600 0.6 6.5 7.1 6.4
700 0.7 6.1 6.6 5.9
800 0.8 5.7 6.2 5.5
900 0.9 5.4 5.8 5.2
1000 10 51 55 49
1100 11 4.9 5.3 4.7
1200 12 4.7 5.0 4.5
1300 13 4.5 4.8 4.3
1400 14 4.3 4.7 4.2
1500 15 4.2 4.5 4.0
1600 16 4.0 4.4 4.0
1700 17 4.0 4.2 4.0
1800 18 4.0 41 4.0
1900 19 4.0 4.0 4.0

12.2.6 The short, medium and long lines shall each be vertically
disposed so that either the mid-points, or the right hand ends or the left
hand ends of al graduation lines He on an imaginary line parallel to the
axis of the instrument. In the latter two cases, the vertical line may,
alternatively, be marked.

12.3 Sequence of Graduation Lines

12.3.1 On hydrometer scales whose smallest interval is 1 kg/m® or
1 g/mi:

a) every tenth graduation line shall be along line,

b) there shall be a medium line between two consecutive long lines,
and

c¢) there shall be four short lines between consecutive medium and
long lines.

10
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12.3.2 On hydrometer scales whose smallest interval is 2 kg/m° or

2 g/ml:

a) every fifth graduation line shall be a long line, and

b) there shall

lines.

12.3.3 On hydrometer scales whose smallest

or 5 g/ml:

a) every tenth graduation line shall be a long line,
b) there shall be four medium lines between two consecutive long

line, and

interval

be four short lines between two consecutive long

is 5 kg/m?

c) there shall be one short line between two consecutive medium
lines and between consecutive medium and long lines.

0.§_~:_:-_qo I.JOO_f
O.EO ‘326_;%:
L20 SERIES

0-8___3__‘_00 !.300__:_—_
__—_?"_30 20__:_‘§
i—%—-;o LO;_:-%
§LS 45;i—f:
L50 AND

L 50SP SERIES
FIG. 2 RECOMMENDED SCALES FOR TYPICAL HYDROMETERS — Contd
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FIG. 2 RECOMMENDED SCALES FOR TYPICAL HYDROMETERS

12.4 Figuring of Graduation Lines

12.4.0 General — The scale lines and inscriptions should preferably be
black and shall be clearly and durably marked.

12.4.1 The scale shall have only one set of numbers and the last digits
of the numbers shall be vertically aligned ( see Fig. 2).

12.4.2 The scale shall be so figured as to enable the value corres-
ponding to any graduation line to be readily identified.

12
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12.4.3 The highest and lowest graduation lines of the nominal limits
shall be figured in full.

12.4.4 At least every tenth line shall be figured.

12.4.5 For density values expressed in grams per cubic centimetres, the
decimal sign shall be included for numbers expressed in full, but may be
omitted from abbreviated numbers.

125 Extension of Scale — The scale shall be extended beyond the
nominal scale limits, as indicated in col 12 of Table 1.

13. ACCURACY

13.1 For the hydrometers the maximum instrument errors at any point on
the scale when determined in accordance with the method given in
Part 11 of this standard shall not exceed the values givenin Table 3. It is
recommended that the hydrometers in the special sub-series be supplied
with certificates of correction, when required for reference purposes.

TABLE 3 MAXIMUM PERMITTED ERRORS

SERIES MAXIMUM PERMITTED ERROR AT ANY
POINT ON THE SCALE
e e A e e ————
@ @) ©))
kg/m? g/ml
L20 + 02 + 0.000 2
L50 + 0.5 + 0.000 5
M50 +1.0 + 0.001
M100 + 20 + 0.002
S50 + 2.0 + 0.002
Special Sub-series
L50SP + 0.3 + 0.000 3
M50SP + 05 + 0.000 6
S50SP + 10 + 0.001 0

14. MARKING AND PACKING

14.1 Marking — The following inscriptions shall be permanently,
legibly and unequivocally marked within the hydrometer:

a) the basis of the scale, for example, 'kg/m?®;

13
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b) the standard reference temperature of the hydrometer, for
example, '20°C;

c)
i) either aparticular surface tension expressed in millinewtons
per metre, for example, '55 mN/m'; or

i) surface tension category as defined in Appendix A, for
example, Mow S.T."; or

iii) if the instrument is adjusted for use in a particular liquid,
the name of that liquid;

d) whether the hydrometer is adjusted for reading at the top of the
meniscus, for example, for use in opaque liquids';

€) j[fhe maker's and/or vendor's name or his recognized trade-mark,
T any;

f) identification number of the instrument, the first two digits of
which may indicate the year of manufacture, for example,
'820001"; and

g) the series number, for example, 'L50".

14.1.1 The hydrometers may also be marked with the Standard Mark.

14.1.2 The use of the Standard Mark is governed by the provisions of Bureau of
Indian Standards Act, 1986 and the Rules and Regulations made thereunder.
The details of conditions under which the licence for the use of Standard Mark
may be granted to manufacturers or producers may be obtained from the Bureau
of Indian Standards.

14.2 Packing — The hydrometers shall be suitably packed to provide
safety in storage and transportation, as agreed to between the purchaser
and the supplier.

15. SAMPLING AND TESTS

15.1 Samples to determine conformity of hydrometers to the requirements
of this specification shall be drawn and tested as prescribed in
Appendix B and Part Il of this standard respectively.

14
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APPEND IX A
(Clause6.2)

STANDARD CATEGORIES OF SURFACE TENSION
FOR HYDROMETERS

A-0. GENERAL

A-0.1 The standard categories of surface tension given in Table 4 are
adopted for hydrometers for technical use, so as to provide a precise basis
for adjustment and verification and to permit the attainment of the
appropriate accuracy in measurements in the liquids indicated. The
adoption of these surface tension categories does not preclude the use of
other surface tensions as the basis of or for the adjustment of hydrometers,
provided such surface tensions are marked, in millinewtons per metre,
within the hydrometers or reference is made to the type of the liquid
(= 14.1.0).

A-0.2 If surfaces of aqueous solutions (except those of acetic acid and of
nitric acid of density greater than 1.3 g/ml) are specialy cleaned, for
example, by overflow, then the surface tension is increased to approxi-
mately 75 mN/m.

APPENDIX B
(Clause 151 )

SAMPLING OF DENSITY HYDROMETERS

B-1. SCALE OF SAMPLING

B.1.1 Lot — All the hydrometers of same size, same series/sub-series and
same range, shall be grouped together to constitute a lot.

B-1.2 For ascertaining the conformity of the lot to the requirements of
the specification, samples shall be tested from each lot separately.

B-1.3 The number of samples to be taken from a lot shall depend on the
size of the lot and shall be according to Table 5.

B-1.3.1 The hydrometers in the sample shall be selected at random
from the lot. In order to ensure the randomness of selection, procedures
given in IS : 4905-1968* may be followed.

*Methods for random sampling.

15


Shweta
Line


3104 (Part| ) - 1982

IS

‘uoIsSudl ddeyiny jo A1

IgelJeA 9Wal1Xa MOYS SUOIIN|OS PIoe 21190V 4

[{e]
—

«Suonn|os p1oe 2118%e (q)
‘lw/b g1 40 w/BX 00E T uey)
1918816 Ajisuap jo pioe oulu (B)
:1daoxa
‘pauea|d A|eldads usag aAey yoiym SAISN|oUl QAISN|oUl
JO saodejins 8yl ‘suolinjos snoanby S 00¢ 01 00T 000201000T ubiH
JoU JO pauea|d A|eloads usaq aney
UydIym Jo Sadejins aalj ayl Jayleym
‘lw/b eT o  w/by 00T ueyl AAISN|oUl SAISN|oU|
1918916 A1ISuap JO suolIN|os ploe J1IIIN GS 00Z 01 00T 000 2 01000 T
0§ 66°0 066
pauea|o A|peloads Sy 860 096
usaq Jou ARy YdIYM JO S92e4INS 9944 (014 L6°0 0.6
ay1 ‘(suoiinjos pioe o11@9e Buipn|oxa 1) 960 0S6
g ‘joyoofe  [Aylew pue Ay dAlsn|oul aAlsn|oul
Jo asoyl Buipnjoul) suolinjos snoanby 1S ¥6 0 0} 09°0 o6 01 009 wnipa
paues |2
A|eroads usaq jou aAey yosiym jo aAISN|oul aAIsSN|ou|
S92 JINS 9344 9y} ‘suoln|os ploe 21183y g€ OET 01 00T 00E T 01000 T
ve €€ 4 T€ o€
6¢ 8¢ 12 9C 14 60 006
s|1o 4 €z ez 1C (or4 80 008
jo sadAy | pue ‘(saje|nusip Je} 6T 8T T 9T ST L0 002
[eoo ‘sare|nsip wnajosniad ‘sisyie 80'0 |90°0 |v00 200 JooO |w/b 90 009
Buipnjoul) Ajreiauab spinbi) oluebio 08 09 oy 0z 0 Wb Juswia Iou | MO
lw/6 w /B
®) ® | w | |®© ) &) *(2) )
31VI¥d0¥ddY SI  A¥O09DILVD aul w/Nw
ALISN3A AY093LVD

HOIHM OLSaind11 40 S31dWVX3

NOISN3IL1 3IOoVvddns

NOISNIL IOVH4dNS 40 S3IIH0O3ILVD ddVANVIS ¥ 319Vl

(v xIpuaddy pue z'g ssnejo )



Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line

Shweta
Line


IS : 3104 (Part | ) - 1982

TABLE 5 SCALE OF SAMPLING

NO.OF HYDROMETERS SAMPLE SIZE
INTHELOT
)] @)
Upto 25 10
26 , 50 16
51 , 100 26
101 and above 41

B-2. NUMBER OF TESTS AND CRITERIA FOR CONFORMITY

B-2.1 Accuracy — From the hydrometers selected in the sample
according to B-1.3.1, the number of hydrometers given in col 2 of
Table 5 shall be randomly selected and tested for accuracy. A
hydrometer not satisfying the requirements for accuracy shall be
considered as defective.

6-2.1.1 The lot shall be considered to have satisfied the requirements
for accuracy if the number of defectives found in the sample is less than
or equal to the corresponding acceptance number given in col 3 of
Table 6.

TABLE 6 NUMBER OF TESTS AND CRITERIA FOR CONFORMITY

NO. OF HYDRO- ACCURACY CHARACTERISTICS OTHER THAN ACCURACY
METERS IN ———— A N e e A e
THE LOT Sample Acceptance Sample Sample Cumula- Accept- Rejc-
Size Number No. Size tive ance tion
Sample  Number
Size
@ 2 ©) 4 ©) (6) (7 (®
Up to 25 5 0 First 5 5 0 2
Second 5 10 1 2
26 to 50 8 0 First 8 8 0 2
Second 8 16 1 2
51 to 100 13 0 First 13 13 0 2
Second 13 26 1 2
101 and above 20 1 First 20 20 0 3
Second 20 40 3 4

17



IS: 3104 (Part | ) - 1982

B-2.2 The lot having met the requirements for accuracy shall be tested
for other requirements of the specification. For this purpose, the
hydrometers tested for accuracy and found satisfactory according
to B-2.1 and the hydrometers remaining in the sample drawn according
to Table 5 shall be used. A hydrometer failing to satisfy any of these
requirements shall be considered as defective.

B-2.2.1 The lot shall be declared as conforming to these requirements
if the number of defectives found in the first sample is less than or equal
to the corresponding acceptance number given in col 7 of Table 6.

B-2.2.2 The lot shall be rejected without further testing if the number
of defectives found in the first sample is greater than or equal to the
corresponding rejection number given in col 8 of Table 6.

B-2.2.3 If, however, the number of defectives found in the first
sample lies between the corresponding acceptance and rejection numbers
given in col 7 and 8 of Table 6, the number of hydrometers given in
col 5 of Table 6 against the second sample shall be taken and tested for
all these requirements. The lot shall be declared as conforming to these
requirements if the number of defectives found in the cumulative sample
is less than or equal to the corresponding acceptance number given in
col 7 of Table (3, otherwise not.
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