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Indian Standard

RECOMMENDATION ON UNITS AND
SYMBOLS FOR REFRIGERATION

0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institu-
tion on 4 October 1968, after the draft finalized by the Recfrigeration
.and Air Conditioning Sectional Committee had been approved by the
Mechanical Engineering Division Council.

0.2 With a view to unilving the practice followed in the country in regard
to the symbols and units uscd in refrigeration and air-conditioning trade,
need has been felt to lay down recommendations on the principal quanti-
ties chieflv used in the field of refrigeration and on their symbols and
units of measurement. This standard is largely based on the Draft 150
Recommendation No. 1053 ‘ Units and symbols for refrigeration ".

0.3 For convenience, certain fundamental quantities and their derivatives
have been included which have already been dealt with in IS: 1890 (Part
I11)-1961* and I1S:1890 (Part 1V)-1961%+. The column reserved for re-
marks in Table 1 provides definitions or explanations of quantities
for which these are not found in IS: 1890 (Part II1I)-1961* and IS: 1890
(Part IV)-1961%.

0.4 The various quantities have been grouped in a logical order so as to
facilitate their location by the users. In certain cases when the same
symbol may have more than one meaning, a second symbol lias been
proposed. The units are separated into two sections, namely, units of
. the International System (SI) and units of other svstems which are at
present very widely used. In order to obtain the SI units which are equi-
valent to other units, conversion factors have been included in this
standard.

0.5 India has changed to metric system of weights and measurcs. Al-
though this standard gives both metric and fps units, metric units shall
be used ({ps units are for information only). ,

0.6 The basic and the derived units of the SI system with their defini-
tions are given in IS: 3616-19663.

*Recommendations on quantities and units of mechanics.
tRecommendations on quantities and units of heat. )
iRecommendation on the international system (SI) units.
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IS : 4831 - 1968
1. SCOPE

1.1 This standard recommends units and symbols to be used in refrigera-
tion.

2, QUANTITIES, SYMBOLS, DIMENSIONS AND UNITS
2.1 The quantities, symbols, dimensions and units are given in Table 1.

2.2 The conversion factors given in Table 1 shall be used as multipliers
for ‘ other units’ to obtain SI wunits:.

Example . :
1 {t = 0-304 8 m exactly.
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TABLE 1 QUANTITIES, SYMBOLS,

(Clause
St QUANTITY SyMBoL DIMENSION SI Unirs
No. — A “
Name Symbol
1) (2) < {3) “w 5 (6)
1 Length i L metre m
"2 Area, surface A L? square metre m?
3 Volume | 4 L cubic metre m?
4  Mass m M kilogram kg
5 Time H T second s
6  Frequency f T hertz Hz
7  Rotational speed n T hertz Hz
8  Density (mass density) P ML= kilogram per cubic  kg/m*
metre
9 Specific volume v LM~ cubic metre per m?/kg
kilogram
10  Mass flow rate 9m MT- kilogram per se-  kg/s
cond
11 Volume flow rate 9v LT cubic metre per mifs
second
12 Thermodynamic or T, © © Kelvin degree °K
absolute  tempera-
ture
13  Customary tempera- t 0 0 Celsius degree °C
ture
14 Temperature diffe- Ar, AS, 0 degree deg
rence AT, A©
15 Coefficient of linear o o per degree deg-?
thermail expansion ’
16  Cuocfficient of volume a, e-! per degree deg-?
expansion
17  Coefficient of thermal ) e per degree deg-?

pressure increase
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DIMENSIONS AND UNITS

2.1)

OTHER UNITS

—Pa
—_

o Name Symbol

@ 8)
foot - it
inch in
square foot f*
square inch in®
cubic foot 3
cubic inch in®
pound b
minute min
hour I
revolution per minute min~!
pound per cubic foot Ib/fts
cubic foot per pound ft¥/ib
pound per hour Ib/h
cubic foot per hour ft3/h
Rankine degree °R
Fahrenheit degree °F
Fahrenheit degree degF
per Fahrenheit degree d=gF-1
per Fahrenheit degree degF-?
per Fahrenheit degree degF-?

CONVERSION
FacToR

9
0-304 8 exactly

DEFINITIONS AND
REMARKS

(10)

0-025 4 exactly .

0-092 903.0
6-451 6x10
exactly
28-316 8 x10°*
16-387 1 x10°¢
0-453 592 37
60
3600

1960
16018 §
0-062 4

126 x 10~
7-865 79 x 10-*

5/9

fe="5/9(ty—32)
5/9

9/5
9/5

9/5

Also called cycles per second

Fluid mass flowing in unit
time
Fluid volume flowing in unit
time
If ,°C, t°F, Tx°K and
Te°R are referring to one
and same physical state,
the ﬁgureslc. ty, Tx and 7'n
are evaluated as fc=5/9
(tr—32)=Tx—273-15==5/
9T» —273-15
te=Tx—273-15
ty=Tn—459-67
The General Conference of
Weights and Measures has
recommended that the word
* degree ’or its abbreviation
‘deg’ should be used for
temperature intervals or
differences. The abbrevia-
tions °K and °C are still

often used
Xy 1_ (1.1_
dt

1/dv
L3 = - —
YEO\ A )p

(Continued)
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St QUANTITY

No.

{1) (2)

18  Coefficient of com-
pressibility

19  Force

20  Pressure

21 Surface tension

22  Dynamic viscosity

23  Kinematic viscosity

24 Work

25 Power

26 Specific work

SymBOL

3)

W

TABLE 1 QUANTITIES, SYMBOLS,

DIMENSION

)
M-ILT?

MLT-*

ML-T-

MT-2
MLT-

LT

ML*T-?

ML*T-

LsT-t

SI Units
r A Rl
Name Symbol
{5) (6)
square metre per mt/N
newton
newton N
newton per square N/m?
metre
newton per metre N/m
newton second per N.s/m?*
square metre
square melre per n.4s
second
joule ]
watt W
joule per kilogram Jiky
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DIMENSIONS AND UNITS — Contd

OTHER Uxits

v .

Name
7)

square inch per pound
force

dyne
kilogram - force
pound force

bar

kilogram force per squarc
centimetre
normal atmosphere

pound force per square
foot

pound force per square
inch

millimetre of water
millimetre of mercury
inch of water

inch of mercury
dyne per centimetre

poise

kilogram force
per squarc metre
pound force second per
square foot

second

stokes
square foot per second

kilowatt hour

erg

kilogram force metre
foot pound force

horse power
metric horse power

foot pound force per
pound

Symbol

8)
in*/lbf
dvn
kgi
1bf

bar
kgf/cm?
atm

1bf /{ts

1bf/in®
mmH,0
mmHg
inH,O
inHg
dyn‘cm

P
kgf.s/m?

Ibf.s/ft?

St
ft3/s

k\Wh
erg
kgi.m
ft.lbf

hp

££.1bf/b

CONVERSION
FacTor
9
1-450 37 x 10-*

10-* exactly
9-806 65 exactly
4448 22

1078 exactly

98 066-5 exuctly
101 325 exactly
478803

6 894-70

9-806 65 exactly -

133-322
249-089

3 386-39
10°% exactly

01
9-806 65 cxactly

47-8803

0-000 1
0-092903 0

3-6 x 10* exactly
1077 exactly
9-806 65 cxactly
1-355 82

745-700
735-499

29890

DEFINITIONS AND
REMARKS

(tv)

xt=1 E’)
v\dp/t

This unit is also called
‘ pascal’
1 bar =1 hectopieze (hpz)

1 kgf cm?®= technical at-
monsphere (at)

1 mmHg =1 torr

1IN mt*=1 kg/(m.s)

1 St=1 cm?¥s

1 hp =550 ft.lbi/s
1 metric horse power =
75 kgi.mjs
The work done per unit
of mass

{Continued)
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St
No.

(1)
27

29

30

K}

32
33

34

35

QUANTITY

2)
Heat quantity

Heat flow rate

Density of heat flow

rate

Heat transfer capacity
(beat load)

Refrigerating capacity

Efficiency
Indicated efficiency

Mechanical efficiency

Volumetric efficiency

SyMBOL

()
Q

Ok

Qe

7

TABLE 1 QUANTITIES, SYMBOLS,

DIMENSION ST UniTs
r - R
Name Symbol
(4) {5) (6)
MLT-? joule ]
MLsT= watt w
MT- watt per square W/m?
metre
MLT- watt w
MLT- watt w
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DIMENSIONS AND UNITS— Contd

OtrER UNiTS

— A e

e -
Name Symbol
(7) (8)
international kilocalorie kcalrr
kilocalorie 15°C kcaly,
British thermal unit Btu
international kilocalorie kcalir/h
per hour
British thermal unit per Btu/h
hour
international kilocalorie kcalir/
per hour square metre {h.m?)
British- thermal unit Btu/(h.1t%)
per hour square foot
international kilocalorie kcalir/h
per hour
kilocalorie at 15°C per kealy/h
hour
British thermal uniy per Btu/h
hour
frigorie per hour fg/h
ton of refrigeration ton

CONVERRSION
FacTor
9

4 186-8 exactly
41855

1 055-06
1-163 exactly

0-293 071
1:163 exactly
3-154 59
1-163 exactly
1-162 6

0-293 071

1162 6
351685

DEFINITIONS AND
REMARKS

(10}

1 kWb =859-845 kcalir

In the refrigeration field the
unit - frigorie ’, (fg) is also
used, corresponding to an
extraction of 1 kcaly, from
the body to be cooled

1 kecalyg=3-968 Btu

Heat flow rate rejected to
the hot body from a refri-
gerating machine

1 fg/h=1 kcal,;'h

1 ton of refrigeration = a
heat flow rate of 3 023-95
kcal/h or 12 000 Btu/h re-
moved by the refrigerating
system from the cold body

Ratio of the indicated power
of a compressor to the ideal
power with isothermal ccm-
pression

Ratio of the indicated power
of a compressor to the input
power

Ratio of the fluid volume
drawn in during the suction
time at the suction condi-
tioning to the volume dis-
placed in the cylinder or
cylinders of compressor

(Continued)
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TABLE 1 QUANTITIES, SYMBOLS,

I%L QUANTITY SyMBoL, DIMENSION SI Uwnirs

o. ~ A -
Name Symbol

) v (2) {3) ) {5) (6)

36  Isentropic efficiency of 7, —_ _ -

adiabatic compression

37 Isothermal compres- — — —
sion efficiency

LAl
|
|
|

38  Refrigerating perform- &,
ance

39  Refrigeration capacity g, ML-1T-* joule per cubic J/m®
per unit volume metre
40  Internal cnergy U
41 Enthalpy H
42 Free energy F
43  Free enthalpy G » MLT- joule J
44 Energy E -
45 Latent heat of trams- L
formation J
46  Specific internal energy % )
47 Specific enthalpy h
48  Specific free energy f
49 Specific free enthalpy g » LT joul ilogram
SO Specific energy e Joule per kilo e
51 Specific latent heat !
of transformation J

10
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DIMENSIONS AND UNITS — Contd

OTHER UniTS CONVERSION DEFINITIONS aND
p A - FacTor REMARKS
Name Symbol
{7) () 9 (10}

_ — - Ratio of the power of an
isentropic compression (re-
versible adiabatic) to the
actual power supplied to
the same fluid mass flow
rate from the initial to the
final state {(enthalpies dif-
ference)

— — — Ratio of the power with re-
versible isothermal com-
pression to the actual power
supplied to the same fluid
mass flow rate from the

. initial to the fina) state
international kilocalorie  kcahy/\Wh 1-163 Ratio of the refrigerating
per watt hour capacity to the absorbed
power (for a cycle, a
machine, a compressor, vtc)

British thermal unit per Btu/hp:h  0-00C 393
horse power hour
British thermal unit per Btu/Wh  0-293
watt hour
Ton. of refrigeration per  Tonfhp 4-716
horse power 1 e kcal
frigorie per kilocaloriz 1/ kea . ) .
int:;erna.tiulnal kilucalorie lﬁ’calu!m' 4186-8 cxactly Ratio of the refrigerating
per cubic metse : eapacity to the volume flow
rate in a clearly defined
condition

E={(H—~He)~Te {(S—Se)
Also called ** vaporizaticn

enthalpy difference ',
international kilocalorie Ekcaly 4 186-8 exactly “’f‘nsxon entlmlpxdxﬂcrcncg",
British thermal unit Litu 1 055-06 latent heat ™, etc. The

[ tvpe of - transformation
should bLe indicated in
j cach case
rintern;nimml kilucalorie  kcalir kg 4 186-8 exactly“!
per kilogram ‘ ¢ nli—liel~Te (s—se
<, Rritish thermal unit Btugih 2 320 exactly }( nTae els—ve
L per pound

{Continucd)
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St QUANTITY
No.

(N @)

52 Specific humidity

53 Relative humidity

54  Saturation ratio

§§  Entropy

56  Specific entropy

5§57  Heat capacity

58 Specific heat capacity

59  Specific heat capacity
at constant pressure

60  Specific heat capacity
at constant volume

61 Specific heat capa-
cities ratio

SymMBOL

@)

[2

Y, ®

TABLE 1 QUANTITIES, SYMBOLS,

DIMENSION

)

ML*T-%6

LAT-%

MLIT-36-1

LT~

SI Units
L A Y
Name Symbol

5 (6)
joule per Kelvin JI'K
degree .
joule per kilogram  J/(kg.°K)
Kelvin degree
joule per Celsius  J/deg
degree
joule per kilogram  J/(kg.deg)

degree

12
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DIMENSIONS AND UNITS — Contd

OTHER Un1ts

A,

Name

7

international kilocalorie
per Kelvin degree
British thermal unit per
Rankine degree

{ international kilocalorie
per kilogram Kelvin
degree
British thermal unit per
L pound Rankine degree

[international kilocalorie
| per degree

British thermal unit per
{ degree Fahrenheit

(intemationa] kilocalorie

per kilogram degree

1British thermal unit per
pound degree Fahren-
heit

CONVERSION
-— Factor
Symbol
(8) 9

kcalir/°’K 4 186:8 exactly

Btu/°R 1 899 exactly

kCa]n-/
tkg.°K)

Btu/(1b.°R) 4 186-8 exactly

4 1868 exactly

kcalir/ deg 4 186-8 exactly)

Btu/"F 1 899 exactiy
kealir/ 4 186-8 exactly
(kg.deg)

Btu/ 4 1868 exactly
(Ib.degF)

DEFINITIONS AND
REMARKS

(10

Ratio of the mass of mois-

ture in humid air to tl_:e
mass of dry air present in
the mixture

Ratio of the water vapour

partial pressure to the
saturation pressure of pure
water vapour at the same
temperature

Ratio of the actual specific

humidity to the specific
humidity of saturated air
at the same temperature

Nore — For temperatures less
than 0°C the values in general
apply to pure water jce. If it
is concerning sub-cooled water
the symbols are to be qualified
by a particular index.

This  quantity is not com-

pletelv defined if the type

of transformation is not
specified
S }
v
{Continued)
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TABLE 1 QUANTITIES, SYMBOLS,

S QUANTITY SvynBoL DIMENSION SI Units
No — \
Name Symbol
m e (3) 4 {5) (6)
62  Thermal conductivity )‘1
{
b MLT-%§-! - watt per metre W/(m.deg)
3 ival . i ! degree
63 Eqnivalent conducti- de
vity J
64 Convection cocflicient
of heat transfer
K T30t watt per square W/(in® deg)

65 QOverall coofficient of metre degree

heat transfer

66  Thermal diffusivity a | R square metre per mbjs
seconti

14
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DIMENSIONS AND UNITS — Contd

O1HER UNITS
—h

—
Name Symbol
™ @®)
{international kilocalorie ~ kcal/
per hour metre degree (h.m.deg)
Dritish thermal unit per  Btuj(h.ft.
hour foot degree degF)
Fahrenheit
[ international kilocalorie kcalsy/
| per hour square metrc  (h.m?deg)
degree
British thermal unit per Btu/(h.ft?
hour square foot degree  degF)
Yahrenheit
square metre per hour m3/h
square foot per hour ft3h

CONVERSION DEFINITIONS AND
FAcTOR REMARKS
9 (10)
1-163 exactly1 e = =7iN
| 5 _
1-73073 & where d is the total thickness
of a wall, and dy and N thg
thicknesses and conducti-
vities of the wall come-
ponents
1-163 cxactly
5678
0-000 278 a=ljcp
0-000 025 8

18
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INTERNATIONAL SYSTEM OF UNITS ( SI UNITS )

Base Uanlts

Quarmry
Length
Mas
Time
Electric current
Thermodynamic

“‘MPETIII.I.I'I

Luminous intensity
Amount of substance

Supplementary Units
QUanrrry

Flane angle

Salid angle

Derived Units
Qoawrrry

Forece

Energy

Power

Flux

Flux density
Frequency

Electric conductance
Electromotive force
Pressure, stress

Umer
faald +u 1
kilogram
second
mplﬂ
kelvin

candela
maole

Uwrr

steradinm

Unrr
Bewtlon
joule
WRLT

weher
tenla
hertz
EiEmeng
wolt

pascal

SrumoL
-
kg
'
A
K
cd
mol

STumoL
rad
ar

SvumoL Derivirion
N I N = | kg.m/®
] 1] =1Nm
w 1W =1]hk
Wh 1 Wh = | Va
T IT = 1 Whim?
Hz 1 Hz == 1 c/s (s-)
] 1 5 - ] ANV
v IV = ] WA
Fa | Pa = | N/m?
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