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ISO/R 31/Part IV - 1960(E)

Introduction

General remarks

This document, containing a table of Quantities and Units of Heal, is part of
amore comprehensive publication dealing with quantities and units in various
fields of science and technology

Parts of this more comprehensive publication are the ISO Recommendation
R 31/Part I (2nd edition):

The International System of Units and
Quantities and Units of Space and Time'),
the ISO Recommendation R 31/Part II:
Quantities and Unils of Periodic and Relaled Phenomendq

and the ISO Recommendation R 31/Part I1I:

Quantities and Unils of Mechanics.

General information regarding the arrangement ofithe tables and the symbols
and abbreviations used isto be found in the intr6duction to ISO/R 31/Part I,
where the full definitions of basic units are given as an appendix.

The statements in the definition column. for quantities are given merely for
identification; they are not intended to be complele definitions.

Special remarks

Attention is drawn to the remarks 4-4.a and 4-5.a. Quantities involving heat
in the present document can be expressed in units based on the various units
of energy, given in PaytIII “Mechanics’ item 3-22.

For simplicity, the present document includes only a selection of units.

1l
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4. Heat

Quantities
4-11...4-61
ftem
N Quantity Symbol Definition') Remarks
o.
\
411 | thermodynamic tempera- | 7T, O The thermodynamic temperature is de- :
ture, absolute temperature fined according to the principles of ther- |
| modynamics. ‘
| -
| - i s N T - T —
4-2.1 | custorhary temperature 1,0, "t=T—T,
: . where f and 7 are’ the customary and
. absolute (thepmadynamic) temperatures, |
I of the same.System, and T, is fixed by
| convention:
| |
! '
| ‘ ‘
\
| 1 |
|
|
|
1
I
I
— -
, : - 1dl .
4-31 | linear[expansion-coefficient | o, 4 x=ar These quantities are not fompletely
! defined unless the type of change is
| : 14dv specified.
4-3.2  cubic pxpansion coefficient | «, §, ¥ =T o7
4 , 1 1 1 dp . .
4-3.3 | pressure coefficient ' B p=- d The quantity, pressure coefficient, as
‘ p dT here defined is used only for gases.
|
e — —
4-4.1 | heat, quantity of heat ‘ Q i
4-5.1 | heat flow rate 1 D, (q) ‘l Heat crossing a surface divided by time.
- | __ B U _ — S -
q, (9)

"
4-6.1 l density of heat flow rate
i
|

‘ Heat flow rate divided by area.

1) The statements in this column are given merely for identification, and they are not intended to be complete definitions.

Y -
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Heat

ISO/R 31/Part 1V - 1960(E)

Units
4-1a...4-6.a

International
symbolic
abbreviation
for unit

Name of unit
and in certain
cases abbreviation
for this name

ltem |
No.

Definition

Conversion factors

Rernarks

Lok

412  degree

Kelvin

Thefegree elvin is the unit
of thermodynamic tempera-
ture as defined by the Con-
férence Générale des Poids et

Mesures. (See ISO Recom-
mendation R 31/Part ).

The entries in the 2nd and 3rd
cofumns are more than names of
units and symbolic abbreviations
for units. They imply also the

! zero

The units of Kelvin and Celsius
temperature interval or diffe-
rence are identical. The Con-

{4

point used.

4-2.a i degree {elsius e

% degree Fph renheit?

reciproc
deg™

| degree,

The Celsius temperature }

 of a system is given by ex-

pressing in
t=1T—T,

the absolute (thermodyna- !

mic) temperature T in
degrees Kelvin and putting
T, = 127315 °K

. The Fahrenheit temperature

t of a system is given by ex-
préssing in
t=T—T,
the absolute (thermodyna-
mic) temperature 7 in
degrees Rankine and putting
To = 459.67 °R

If #c °C, ti °F, Tx °K and Ty °R
relate to one and the same
physicalstate, thenthe numerical
! values fc, f1, Tx and Tr are con-

nected by:
te =2 (te—32)

Tx —273.15
> Tw—273.45

Mesures has recommended that
. the name*‘degré’’ grits
tion deg should be'used

. perature interval or di

" In English the name *d
used.

The abbreviations °K anfd °C are
stijl~often used.

. Similarly, the units for
of, Rankine and Fahrenheit tem-
perature are identical.

“ common unit the namg¢s ‘“Ran-

kine

degree’ have been proppsed and

used

degR and degF.

The “International Temperature

For purposes of practical
ments the Conférence Gérjérale des
Poids et Mesures has a
temperature scale basel on a
" number of fixed points
bereproduced with high afcuracy)
and on certain procedurgs for in-
terpolation.

This scale is called the
tional Temperature Scalg
Temperatures on it are

by tint °C(Int.1948).

The

Poids et Mesures has ad
international Kelvin temjperature
scale,

This

Tint = tint + 273.15

°R should not be mist:
an abbreviation for the abandon-
ed degree Réaumur.

Poids et

brevia-
or tem-
erence.
gree” is

interval
For this
degree” and “Faprenheit

with the abbrepiations,

Scale of 1948
neasure-

lopted a

that can

Interna-
of 1948,
ndicated

Comité Internatiopal des
pted an

indication Tint *K (IIn1.1948).
is defined by

ken for

reciprocal Fahren-|
heit degree,degF™

4-4.a

4-5.a

4-6.a | watt per square

metre

W/m? ;i
|

} For other units see 3-23.b...i*)

For other units see 3-22.b...m*¥)

*) 1SO Recommendation R 31,/Part I1I: Quantities and Units of Mechanics.

— 5 —
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Quantities

4-71...4-141

4. Heat (continued)

491  therma
|
4-10.1 | heat ca
4-11.1 | specifiq
4-11.2 | specific
constar
4-11.3 | specifiq
constar]

4-121 ratioo
capacit

4.81 | coefficignt of heat transfer

A ®

temperature gradient.

N Quantity Symbol : Definition') ‘ Remarks
o. ‘
4-7.1 . thermal conductivity ! Density of heat flow rate divided by

h K, U «

diffusivity ‘ a, (o, %, )
|
bacity C
heat capacity c
heat capacity at cp
t pressure
heat capacity at Co
t volume

the specific heat

es Vs %o K

4-13.1 | entrop

s

Density of heat flow rate divided by tem-
perature difference.

o

¢Cp
(4 = thermal conductivity, g\> density,
cp = specific heat capacityatconstant
' pressure)

" The symbols h and\a’are
for surface coefficient of hea

preferred
transfer.

When the temperature of a system is
. increased by\dFas a result of the addition

of a small quantity of heat dQ, the quan- |

tity dQ/dD is the heat capacity.

Heat capacity divided by mass.

Y = Cplco

When a small quantity of heat dQ is recei-
ved by a system the thermodynamic tem-
perature of which is 7, the entropy of the
- system is increased by dQ/T, provided

. that no irreversible change take place in
|_eh

Thisquantity is not completgly defined
unless the type of change is|specified.

!
|
. The quantities expressed ir] terms of
units involving the mole dre to be
found in the section dealing with che-
mistry.

This quantity is dimensionless.

4-141  specific

entropy s

<
Sy SsteMms

Entropy divided by mass.

| See remark 4-11.1...3

3y See footnote on page 4.
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4. Heat (continued) Units

4-7a...414.c

i

| Name of unit International " |
|
\

|
{tem | and in certain | symboli
ymbolic . . :
S s efinition actors : Remarks
No. casesabbreviation | abbreviation D Conversion f e
for this name for unit

4-7.a | watt per metre
- degree,W/(m-deg),

4-7.b 1.T.calorie per se- |
cond centimetre |
degree, }
calir/(s* cm - deg) ‘ .

4-7.c | Britishthermalunit| i 1 Btu/(s- ft- degF) =

' per second foot |

Fahrenheif degree, | : ]
Btu/(s-ft-HegF) ! ’

6230.64
WiOn - -deg)

|
4-8.a | watt per fquare 1 ‘
' metre degree, i '
W{(m?- deg) | |
185 T T.caloriq per s | 1 calyy/(s -cm?- deg)
cond squake centi- : ' =4.1868 x 10* W/(m?- deg)
J

metre degiee, : )
. cal,p/(s-cm?- deg) (exactly)
4-8.¢ | British thefmal i 1 Btu/(s-ft?- degF) =20 441.7 |
unit per sgcond W/(m? - deg)|
square foot Fahren- |
heit degre ' | -

e, .
Btu/(s - ft*[ degF) | 1

4-9.a | square metre per | m?/s \ |
second : i

4-9.b | square fopt per ‘ ft2/s
second I

4-10.a | joule per degree,
J/deg

4-11.a | joule per|kilo- | |
gramme degree, ‘
J/(kg - deg)

.calorig¢ per

1 cal;;/(g-deg) = 4186.8 J/(kg-deg)

4-11.b ! L. : |
gramme degree, : (exactly)
cal;r/(g- deg) ‘ =

4-11.c | British th¢rmal i 1 Btu/ (b degF)
unit per ppund ‘ i = 4186.8 J/(kg- deg) (exactly)
Fahrenheit degree, |
Btu/(b - degF) |

4-13.a | joule perdegree | J/°K

Kelvin 1
i
|

4-14.a | joule per kilo- J/(kg -°K)
gramme degree
Kelvin

4-14.b | I.T.calorie per . cal; /(g -°K) 1 cal;r /(g °K) = 4186.8 J/(kg-°K)

ramme degree i i}
%e]vin | (exactly)

H

4-14.c | British thermal Btu/(lb- °R) 1 Btu/(Ib-*R) = 4186.8 J/(kg-°K)
unit per pound (exactly)
degree Rankine
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Quantities 4. Heat (continued)
4-151...4-181
Item ‘ . ! )
N Quantity Symbol i Definition?) Remarks
o.
i
4-15.1 1 internal energy U, (E)
|
4152 enthalpy H, (D H=1U+pV
4-15.3 | free energy F " F=U—-TS The free energy here defined is that
‘ defined by Helmholtz.
4-15.4 . Gibbs function G G=U+pV—TS G=H-TS
imFrenchentiatptetibre)
4-16.1 specific internal energy u, (e) | Internal energy divided by mass. See remark 4-11.10.3
416.2 ‘ specific enthalpy R, (i) Enthalpy divided by mass.
4-16.3 ! specific free energy f ‘ Free energy divided by mass.
I i
4-16.4 | specific Gibbs function g Gibbs function divided by mass. In French: enthalpie libre| massique
|
O } P ‘ l I
4171  latent|heat L ! Quantity of heat absorbed or released(in*| This quantity is not completely de-
- an isothermal transformation of phase.” | fined unless a sign convention is
: specified.
|
|
4181 specific latent heat :I ! Magnitude of latent heat divided by mass. J See remark 4-11.1...3
|

1) See footnote on page 4.
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4. Heat (continued)

ISO/R 31/Part IV - 1960(E)

gramme

Units
4-15.a...4-18.a
% :
| Name of unit | International | ; ‘
tem - i i i | :
and in certain symb.olu_c | Definition | Conversion factors Remarks
No. ¢asesabbreviation | abbreviation | !
for this name for unit | ‘
‘ |
4-15.a  joule J
i i
|
|
. —— ‘ — __\f —_
4-16.a . joule per kilo- . J/kg : ‘
gramme | | ;
(SN S s RN A N
4-16.b = LT. calor]e per ‘ cali;/g | 1cal;/g= 4186.8 J/kg (exactly)
gramime :
4-16.c | British th¢rmal Btu/lb ‘ 1 Btu/lb = 2326 J/kg (exactly)
| unit per pound .
i
N R _ I I e
4-17.a | joule T
4-18.a | joule per| kilo- J/kg |
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