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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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THERMOPHYSICAL PROPERTIES OF INDUSTRIALLY IMPORTANT FLUIDSON
THE SATURATION LINE: AMMONIA

1. INTRODUCTION
This Item, which is one of a series concerned with the thermophysical properties of industrially important
fluids, gives equations representing the thermophysical properties of ammonia on the saturation line,
together with tabulated values calculated from the equations.

The data on which the recommended values of the fluid properties are based are considered to be the best
availableand therange covered for the sturation line propertiesisfrom the melting temperatureto 363.15K.

All quantities are expressed in Sl units or their multiples (see Section 2) but, for userswho requirethemin

> other units, conversion factors are provided in Appendix A. Equations representing the fluid properties are
g given in Section 3 and Section 4 gives an explanation of the Tables and Figures in the Data Item.
E
§ 2. NOTATION AND UNITS
o b,, by, bg, b,, by constantsin Equations (3.1) to (3.14)
é c specific heat capacity kJkg K
S h specific enthalpy kg
"? M molecular weight (relative molecular mass) -
:Cj p vapour pressure kPa
é T kelvin temperature K
ﬁ, t Celsius temperature, (T —273.15) °C
% u specific internal energy kJkg
S Y% molar volume cm3/mol
ﬁ v specific volume, v = 1/p m3/kg
n dynamic viscosity mN s/m? or uN s/m?
A thermal conductivity mwW/m K
P density kg/m®
c surface tension mN/m
® acentric factor -

" The constants b are dimensionless except for the following: Equations (3.4) and (3.6), kJ/kg (all); Equations (3.7) to (3.9),
kIkg K (b,); Equation (3.10), mN /m? (exp(b,)); Equation (3.11), uN s/m? (exp(b,)); Equations (3.12) and (3.13), mW/m K
(b;and exp(b,) repectively); Equation (3.14), mN/m (b;).
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Sate descriptors

(9 value for saturated vapour

) value for saturated liquid

A denotes property difference between two states
Subscripts

b value at normal boiling point

C value at critical point

m value at normal melting point

p value at constant pressure

-

denotes reduced quantity, e.g. T, = T/T,

sat value at saturation (defined in Appendix B, Section B.1)
v value at constant volume
vap denotes evaporation.

3. EQUATIONS FOR PROPERTIES
3.1 Vapour Pressure

Data for the vapour pressure are represented by Equation (3.1).

3/2

|oge(§c) - Tir[bl(l—Tr)+b2(1—Tr) #by(1-T)3+b,(1-T)%]. (3.0)

3.2 Density of the Saturated Liquid

Datafor the density of the saturated liquid are represented by Equation (3.2).

ESDU Copyright material. For current status contact ESDU.

2/3

log, (9’%)) = by(1-T) P +by(1-T )2+ by(1-T,) +b,(1-T)*°. 3.2)

3.3 Density of the Saturated Vapour

Datafor the density of the saturated vapour are represented by Equation (3.3).

log, (Qﬁ?) g bl(Tir - )1/3+b2(% _ )2'3+ b3(Tlr -1) +b4(-T1-r - )4’3+ bS(Tlr —1)5/3. (3.3)
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34 Specific Enthalpy of the Saturated Liquid

Data for the specific enthalpy of the saturated liquid are represented by Equation (3.4).
h(l) = by(1-T) " +by(1-T)¥  +by(1-T,) + by(1-T)"°. (3.4)

35 Latent Heat of Vaporisation (Specific Enthalpy of Vaporisation)

Datafor the latent heat of vaporisation are represented by Equation (3.5).

Aygph = b(L=T)¥ +by(1=T) + by(1-T)) + by(1-T)*. (35)

3.6 Specific Enthalpy of the Saturated Vapour

Datafor the specific enthalpy of the saturated vapour are represented by Equation (3.6).
1/3 2/3 4/3
h(g) = by(1-T) " +by(1-T)" " +Dbg(1-T,) +by(1-T,) . (3.6)

(Equations (3.4), (3.5) and (3.6) are thermodynamically consistent).
37 I sobaric Specific Heat Capacity of the Saturated Liquid

Data for the isobaric specific heat capacity of the saturated liquid are represented by Equation (3.7).
co(l) = by[1+ by(1-T) 22 +by(1-T,) 2 +b,y(1-T)"3. (3.7)

Note: Two sets of constants are presented. The first set covers a temperature range from the melting
temperatureto <-53°C and the second set of constants covers atemperature range from >-53 °C t0 90 °C.

The significance of

(I) as a representation of specific heat capacity is fully explained in
Appendix B, Section B. f

3.8 I sobaric Specific Heat Capacity of the Saturated Vapour

Datafor the isobaric specific heat capacity of the saturated vapour are represented by Equation (3.8).

ESDU Copyright material. For current status contact ESDU.

213

Cp(@) = by[1+by(1-T) ™ +by(1-T) ™+ by (1-T) +by(1-T) ™). (3.8)

The significance of

(g) as a representation of specific heat capacity is fully explained in
Appendix B, Section B. f

39 Specific Heat Capacity at Saturation of the Saturated Liquid

Datafor the specific heat capacity at saturation of the saturated liquid are represented by Equation (3.9).
Cog()) = by [1+by(1-T) 2 +by(1-T ) +by(1-T)"%. (3.9)

Note: Two sets of constants are presented. The first set covers a temperature range from the melting.
temperatureto <-53 °C and the second set of constants covers atemperature range from >-53 °C to 90 °C. :7

The significance of c,(I) as arepresentation of specific heat capacity at saturation is fully explained i |n
Appendix B, Section B.1.
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3.10 Dynamic Viscosity of the Saturated Liquid
Datafor the dynamic viscosity of the saturated liquid are represented by Equation (3.10).

1 1/3 1 4/3 1 73
log,n(l) = b, +b,| =— +h,| =— +b,=-1| . (3.20)
e 1 Z(Tr ) 3(Tr ) 4(Tr )
311 Dynamic Viscosity of the Saturated Vapour

Datafor the dynamic viscosity of the saturated vapour are represented by Equation (3.11).

logn(g) = by + bz(Tl _ )”3 4 bS(Tl _ )4'3 ¥ b4(Tl - 1) " (3.10)
r r r

3.12 Thermal Conductivity of the Saturated Liquid
Data for the thermal conductivity of the saturated liquid are represented by Equation (3.12).

1/3 2/3

A1) = by[1+by(1-T ) " +by(1-T)" " +by(1-T)]. (3.12)

3.13 Thermal Conductivity of the Saturated Vapour
Data for the thermal conductivity of the saturated vapour are represented by Equation (3.13).

2/3 -1/3 1/3 3

loge A(g) = by +by(1-T,) ™ +by(1-T,) "~ +b,(1-T,) +b5(1—Tr)2/ . (313
3.14  Surface Tension
Data for surface tension are represented by Equation (3.14).
c= bl(l—Tr)b2[1+ bg(1-T))]. (3.14)
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4, EXPLANATION OF THE TABLESAND FIGURES

Table 6.1 providesvaluesof the physical constantsand constantsfor usein the equationsgivenin Section 3,
that represent the fluid propertiesin the S units™ of the Notation, Section 2. The values derived from the
equations, Tables 6.2 and 6.3, are presented from the melting temperature to 363.15 K.

The dataused in devel oping the constants of the equations are those considered to be the best available and
the equations themselves introduce no significant fitting errors. For some properties, however, where
experimental dataare few or lacking, it has been necessary to estimate values for the Tables and these are
indicated by the use of parentheses. For example, the tabulated values of vapour thermal conductivity have
been calculated at specific values of temperature and pressure from a single representative equation as a
function of density and temperature; the values of the thermodynamic properties necessary for this
calculation have been obtained from Derivation 5. For vapour viscosity, values have been generated from
semi-theoretical calculations.

" Appendix A gives conversion factors to other units.
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Althoughthe saturated liquid and vapour enthal piestend to the sameval ue asthecritical point isapproached,
the saturated liquid enthalpy values calculated from Equation (3.4) pass through a physically unrealistic
maximum at some value of reduced temperature below unity. Also modern theory requirestheisobaric heat
capacity, viscosity and thermal conductivity to tend to infinity as the critical point is approached; this
theoretical limit has been included where appropriate in Table 6.3. However, Equations (3.10), (3.11) and
(3.12) do not conform with theory in this respect as they approach afinite value at the critical temperature.
Although the remaining equations, Equations (3.1), (3.2), (3.3), (3.5), (3.7), (3.8), (3.9), (3.13) and (3.14)
extrapolate in a physically realistic manner, users should not extrapolate any of the equationsin Section 3
outside the temperature limits specified in Table 6.1.

The variation with temperature of al the fluid propertiesis shown in Figures 1 to 7. The dashed lines show
the extrapolated behaviour of some of these equations between 90 K and the critical temperature.

The specific enthalpies of vaporisation in column 7 were calculated directly from Equation (3.5) with
subsequent rounding to the desired number of significant figures. Small differences, usualy in the last
figuremay occur therefore, between these val ues and those obtai ned by subtraction of the specific enthalpies
there in column 5 from those in column 6, since the values generated thereby are the differences between
two rounded numbers.
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