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Quantities and units of heat

INTRODU

heat, is p

CTION

rt 1V of ISO 31, which deals with quantities and

This docu%'nent, containing a table of quantities and units of

units in t
compiete |

Part 0 :
concerr]

Part 1 :

Part 11
phenon

Part 111
Part IV
Part V

Part VI|:

electrol]
Part VI

Part VI
and mo|

Part I1X]:

physics,
Part X
ionizing

Part XI

e various fields of science and technology. The
ist of parts of {SO 31 is as follows :

General introduction — General principles
ing quantities, units and symbols.

Quantities and units of space and time.

Quantities and units of periodic and related
ena.

. Quantities and units of mechanics.
1 Quantities and units of heat.
Quantities and units of electricity and magnetism.

Quantities and units of light and related
nagnetic radiations.

. Quantities and units of acoustics.

| : Quantities and units of physical chemistry
ecular physics.

Quantities and units( of ‘atomic and nuclear

Quantities and bnits of nuclear reactions and
radiations.

: Mathematical signs and symbols for use in the

physicay sciencés-and technology.

Part XI

~-Dimensionless parameters.

All units between two full lines belong t
between the corresponding full lines on the

Where the numbering of the items has bee
revision of a part of ISO 31)the number
edition is shown in parentheses on the left-
the new number for th€ guantity; a dash is
that the item in guestion did not appear
edition. -

Tables of\guantities

The most important guantities within t
docliment are given together with their

most cases, definitions. These definitions §
for identification; they are not intended to

The vectorial character of some quantitieg

b the quantities
eft-hand pages.

h changed in the
n the preceding
hand page under
used to indicate
n the preceding

ne field of this
ymbols and, in
re given merely
be complete.

is pointed out,

especially when this is needed for the deflinitions, but no

attempt is made to be complete or consister]

t.

In most cases only one symbol for the guantity is givent);

where two or more symbols are given for d
no special distinction is made, they are on a

Tables of units

Units for the corresponding quantities arg
with the international symbols and the
further information, see also part 0.

The units are arranged in the following way|:

1) The names of the S| units are give
(larger than text size). The Si units an

ne guantity and
h equal footing.

given together
definitions. For

n in large print
d their decimal

multiples and sub-multiples formed by

means of the SlI

Part X1

I - Quantities and units of solid state physics.

Arrangement of the tables

The tables

of quantities and units in 1SO 31 are arranged so

that the quantities are presented on left-hand pages and the
units on corresponding right-hand pages.

prefixes are particularly recommended. The decimal
multiples and sub-multiples are not explicitly mentioned.

2) The names of non-S| units which may be used
together with Sl units because of their practical import-
ance or because of their use in specialized fields are

given in normal print (text size).

1) When two types of sloping letters exist {for example as with ¢, 6; v, ¢; and g, g) only one of these is given. This does not mean that the

other is not

eqgually acceptable.
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3} The names of non-S! units which may be used
temporarily together with S| units are given in small
print {(smaller than text size).

The units in classes 2 and 3 are separated by a broken
line from the Sl units for the quantities concerned.

4) Non-Sl units which should not be used together
with S! units are given in annexes in some paits of
ISO 31. The annexes are not integral parts of the stan-
dards. They are arranged in three groups :

ratios of two lengths and of two areas respectively, and
consequently they are treated as dimensionless quantities.
Although in this treatment the coherent unit for both

quantities is the number 1, it is convenjent to

use the

special names radian and steradian instead of the number 1

in many practical cases.

1t plane angle and solid angle were treated as base quantities,
the units radian and steradian would be base units and
could not be considered as special names for the number 1.
Such a treatment would reguire extensive changes in

a) Units of the CGS-system with special names

It is generally preferable not to use CGS-units with
special nammes and symbots together with Sl units.

b) Units fBased on the foot, pound and second and
some other|lunits

c) Other Units

These are fiven for information, especially regarding
the convergion factor. The use of those units marked
with ¥ is dgprecated.

Remark on supplpmentary units

The Conférence

générale des poids et mesures (CGPM :

General Confererjce for Weights and Measures) has classified
the Sl units, radiap and steradian, as '‘supplementary units’’,
deliberately leavipg open the question of whether they are
base units or derfved units, and conseguently the question

of whether anglg

and solid angle are to be considered™as

base quantities oy derived guantities.

In 1SO 31, pIaneLang|e and solid angle are treatedtas\derived

guantities {see al

1)

o part 0). They are defined.in ISO 31 as

SO 31.

Number of digits in numerical statements?!)
All numbers in the column “Definition’s‘are exact.

In the column “"Conversion factors''vthe conversid
on which the calculation of pthers are based are
given to seven significant digits. When they are @
contain seven or fewer digits and where it is no

n factors
hormally
xact and

obvious

from the context, the work “‘exactly’’ is added, hut when

they can be terminatéd after more than seven di
may be given innfull. When the conversion fa
derived from experiment, they are given with thg
of significant."digits justified by the accuracy
experiments/ Generally, this means that in such
last digit"only is in doubt. When, however, ex
justifies more than seven digits, the factor is usually
off\ro seven significant digits.

The other conversion factors are given to not morg
significant digits; when they are exactly known an
six or fewer digits and where it is not obvious
context, the word "exactly’’ is added.

Numbers in the column ““Remarks’’ are given to a
appropriate to the particular case.

jits, they
Ctors are
number
of the
cases the
periment
rounded

than six
it contain
rom the

precision

The decimal sign is a comma on the line. in documents in the English language, a comma or a dot on the line may be used.
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4. Heat

Quantities
4-11...4-21
I:;m Quantity Symbol Definition Remarks
4-1.1 thermodynamic 1.0 The thermodynamic temperature
temperpture is defined according teythe prin-
ciptes of thermodynamics
i
4-2.1 Celsius|temperature t, 6 r=~I-T, The thermodynamic tempgrature
where T is fixed by convention TO Is by defmmorj 0.01 K below
0 the thermodynamic tempgrature
to be ) .
of the triple point of water
T,=27315K
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4. Heat

ISO 31/1V-1978 (E)

Units
41a...4-2a

Item
No.

Name of unit

International
symbotl
for unit

Definition

Conversion factors

Remarks

kelvin

The kelvin, unit of ther-

Temperature interval

modynamic tempera-
ture, is the fraction
1/273,16 of the thermo-
dynamic temperature of
the triple point of
water

4-2.a

degree Celsius

Degree \Celsius is a
special” name for the
unit* kelvin for use in
stating values of Celsius
temperature

The uritp of thermody-
namic ard Celsius tem-
pPerature| interval or
differenck are identical.
The Conférence géné-
rale des ppids et mesures
has recommended that
such intdrvals or differ-
ences shquld be expres-
sed in Helvins (K) or
in degregs Celsius ("C).
Other ndmes and sym:-
bols, sudh as “degré”,
“deg” pr “‘degree”,
shouid bd abandoned.

The “1.P.7].S. (1968)"’

For the plrpose of practi-
cal meagurements, the
Conférence générate des
poids et | mesures intro-
duced the International
Practical Temperature
Scale. THis temperature
scale is baged on a number
of fixed points and inter-
polation procedures with
the help of certain measur-
ing instrunpents and defines
the temperature down to
13.81 K. The last version,
approved |in 1976, is an
amended [edition of the
Internatiorial Practical
Temperatufe Scale 1968.

The thermodynamic tem-
perature apd Celsius tem-
perature defined by this
scale are ipdicated as 7‘68
and lea regpectively, where

leg = Tgg— To

T68 and !5 are considered
to be the best approxi-
mations at present to |
and ¢ respectively The
units of T68 and fgo are
the kelvin  and degree
Celsius respectively, as in
the case of 7 and ¢ {for
complete text, see : Metro-
logia 12 (1976} No. 1}
The previously accepted
“"helium scales'’ deviate too
much from the thermody-
namic temperature at low
temperatures and have
therefore been withdrawn.
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4. Heat (continued)

Quantities
4-3.1...4-11.1
I't\lem Quantity Symbol Definition Remarks
o.
1 dl - . .
4-3.1 linear gxpartsioTT 547 a7 Hre—stbrser Pt the mbols
coeffidient [ dT may be omitted when no con-
fusion will result
. . 1 dV o
4-3.2 | cubic g¢xpansion ay, Y =V 9T The name pressure coefficient
coeffidient d7 and the symbol § are al§o used
tor the quiantity 4-3.3
1d
4-3.3 | relativg pressure @, a, =~ d_l;- The guantities 4-3.1 to 4{5.1 are
coeffidient p not\ecompletely defined| unless
the. type of change is specified
4 -
4-4.1 | pressufe coefficient 8 g= a{—;;
(4-3.3)
: dl’
4-51 comprpssibility K K="= —
_ Vodp
4-6.1 heat, (0] The heat transferred [in an
{4-4.1) | quantity of heat isothermal phase transformation,
formerly calted ‘latent| heat”
with symbol L, is better ¢xpress-
ed as the change of the agpropri-
i ate  thermodvnaimic  fuprtions,
e.q. T-AS, where AS E
change of entropy, or as pH
4-7.1 ! heat flow rate (7} Rate of heat flow across a
(4-5.1) surface
4-8.1 density of heatflow | g, ¢ Heat flow rate divided by area
(4-6.1) rate
4-9.1 thermal conductivity | A, (k) Density of heat flow rate divided
(4-7.1) by temperature gradient
4-10.1 | coefficient of heat h k K, a Density of heat fiow rate divided | The symbols & and « are used
i 14-8.1) | transfer by temperature difference for surface coefficient of heat
F transfer. The symbols k and K
| are used for overall coefficient
of heat transfer
4-11.1 | thermal insulance, M Temperature difference divided

- coefficient of
thermal insulation

by density of heat flow rate
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4. Heat (continued) Units
4-3a...411.a

international
Name of unit symbol
for unit

o ]

Item L . :
Definition Conversion factors ! Remarks

4.3.a eciproca K—1
kelvin,

kelvin to the
power minus ' 1

one

4.4 4 pascal per Pa/K ‘
kelvin ! |

4.-5.a reciprocal Pa -1
bascal,

pascal to the
hower minus
Ohne

46.a | joule J For othe[ units, see
‘ 3-24bandc

4-7.a vatt w

4-8.a vatt per W/m?2
quarémetre

4.9.a | Wattper W/ Tm-K)
metre kelvin

4-10.a | watt per W/{m?2.K)
square metre
kelvin

4-11.a | square metre | m2.-K/W
kelvin per
watt
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Quantities
4121 ...4-18.1

4. Heat (continued)

I:::‘ Quantity Symbol Definition Remarks
4-12.1 | thermal resistance R Temperature difference divided | The quantity G = 1/R is calied
— by heat flow rate thermal conductance
. .. A
4-13.1 | therma] diffusivity a, {a, k) qa=—
(4-9.1) €<
where A is thermal conductivity,
¢ is density, and p is specific-
heat capacity at constant press-
ure
4-14.1 : heat capacity C When the temperature of~'a/| This quantity is not completely
(4-10.1) system is increased by dF as a | “efined unless the type of
result of the addition of.aysmali | change is specified
quantity of heat d(J) -the quan- ,
! tity d)/d7 is the hédt\Capacity
4-15.1 | specifi¢ heat c Heat capacity divided by mass For the corresponding| molar
(4-11.1) | capacity guantities, see part VI
4-15.2 | specifi¢ heat p
(4-11.2) | capacify at constant
pressure
4.16.3 | specifi¢ heat Cy
(4-11.3) | capacify at constant
volumg
4-15.4 | specifi¢ heatcapacity | c__.
— at satufation
4-16.1 | ratio of the specific v Y= Cp/CV These quantities are dimpnsion-
{4-12.1) | heat capacities less
. . V/{ap : .
4-16.2 | isentropic exponent K K=—— 1| = For an ideal gas, v is equal to
_ p \oV/g
417.1 | entropy S When a small quantity of heat
(4-13.1) dQ is received by a system the
thermodynamic temperature of
which is T, the entropy of the
system is increased by dQ/T,
provided that no irreversible
change takes place in the system
4-18.1 | specific entropy s Entropy divided by mass For the corresponding molar
(4-14.1) quantities, see part V1|
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4. Heat (continued)

1SO 31/1V-1978 (E)

Units
4-12.a...4-18.a

ltem International
No Name of unit symbol Definition Conversion factors Remarks
) for unit
412.a | kelvin K/W
per watt
4-13.a | |square metre | m2/s
per second
4-14.a | |joule per J/K
kelvin
4-15.5 | |joule per J/(kg-K)
kilogram i
kelvin ;
|
4-17.a | joule per J/K
kelvin
4-18.a | joule per J/{kg-K)
kilogram
kelvin
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4. Heat (concluded)

Quantities
4-19.1 ... 4221
ItNem Quantity Symbole Definition Remarks
o.
4-19.1 | internalenergy [ (£
(4-15.1) !
4-19.2 | enthalply H D H=1U+pl
(4-15.2) :
j
4-19.3 | Helmhgltz free 4, F A=l =TS8 |
(4-15.3) | energy, i
Helmhgltz function I
4-19.4 | Gibbs ffee energy, G G=0+pl'=TS FO=H - TS
i4-15.4) | Gibbs flunction
4-20.1 | specifiginternal u, {e) Internal energy divided Bysmass For the corresponding |molar
(4-16.1) | energy quantities, see part VIl
4-20.2 | specifid enthalpy h, (i) Enthalpy dividediy mass
(4-16.2)
4-20.3 | specifigd Helmholtz a,f Helmhottz )free energy divided
(4-16.3) | free engrgy, by mass
specifid Helmholtz
functioh
4-20.4 | specifig Gibbs free g Gibbs free energy divided by
(4-16.4) | energy, mass
specifid Gibbs
functiop
4.21.1 | Massiey function J J==A4/T
4.22.1 | Planck function Y Y=-0G/T

10
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4. Heat (concluded)

ISO 31/1V-1978 (E)

Units

4-19.a...4-22.a

International

l|t\le :‘ Name of unit symbol Definition Conversion factors Remarks
’ for unit
4-19.a ioule ]
4-20.a | joule per J/kg
kilogram
4-21.a | joule per J/K
kelvin
4-22.a | joule'per J/K
kelvin

11
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ANNEX A

UNITS BASED ON THE FOOT, POUND AND SECOND
AND SOME OTHER UNITS

Quantity . Unit Name of unit . .
. Quantity ! . Definition and conversion factors
item No. item No. with symbol
. o 5
411 themodynamic 4-1.A.a degree Rankine : 1" Rx=—K
temperature °R 9
) I 9 9 7
- Fahyenheit 4-2.A.a degree Fahrenheit :| &~ = — =— 4 32 = — — + 450 61
temperature °F 5 5K
The unit degree Fahrenhen\ s equal to the unift degree
Rankine
4-6.1 heat, 4-6.A.a British *her mal 1 Bw ~ 778,169 £y
quahtity of heat unit . © el e
Btu 1 055,06J
This is the ‘anly Brirish thermal unit used n this annex
fr is eguadlyto the “international Table Biitish|thermal
unit’” gdepted by the Fifth International Contelence on
Propenties of Steam (London, July 1956, Besides this a
riumber of “British thermal units’” were formeriy @ised.
4-7 1 heal flow rate 4-7.A.a British thermal 1 Btu’h = 0,293071W
unit per hour(:
Btu/h
4-9.1 thermal 4-9. Aa British thermal 1 Btu/(s-ft-°R) = 6 230,64 W/(m-K)
congluctivity unit per second
foot degree
Rankine :
Btu/(s-ft-"R)
4-10.1 coefficient of 4-10.A.a British thermal 1 Btu/(s-ft2.°R) = 20 441,7 W/(m2.K)
heaf transfer unit per second
square foot degree
Rankine :
Btu/(s-ft2." R)
4-10.A.b | British thermal 1 Btu/(h-#2.°R) = 5 678 26 W/(m2.K)
unit per hour
square foot degree
Rankine :
Btu/(h-f12.°R)
4-13.1 thermal 4-13.A.a | square foot per 1 ft2/s = 0,092 903 04 m2/s ({exactly)
diffusivity second :
ft2/s
4-151 specific heat 4.-15.A.a British thermal 1 Btu/(tb-"R) = 4 186,8 J/tkg- K} (exactly)
capacity unit per pound
degree Rankine :
Btu/(Ib-"R)

12
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