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ABSTRACT: Published correlation equations of the enthalpy of vaporization are reviewed and
a new four-parameter correlation equation is proposed. Performance of the proposed equation

is examined using the ASHRAE data for 22 pure substance refrigerants as reference data.

The new equation vields an average absolute deviation of 0.05%, which is smaller than those
of published equations, such as equations of Guermouche-Vergnaund (0.08%), Aerebrot (0.13%),
Radoz-Lydersen (0.08%), and Somayajulu (0.08%). The three adjustable parameters of the mo-
dified correlation are optimized and reported for 22 substances. The equation proposed in this
work is valid over the entire temperature range where data points exist.

Key words: Correlation(’+#2)), Watson equation(Watson 2)), Enthalpy of vaporization(5%al
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Table 1 Critical temperature, minimum tem-
perature, NBP and corresponding en-
thalpy of vaporization

T T, T ak
Sbst | ) | ® | ® | wae
R-22 | 369.30 | 173.15 | 23234 | 23375
R-23 | 299.28 | 118.02" | 191.09 | 23868
R-32 | 351.26 | 13634" | 22150 | 381.86
R-125 | 33917 | 17252° | 22502 | 163.78
R-134a | 37421 | 169.85" | 247.08 | 21697
R-152a | 38641 | 15456 | 249.13 | 32991
R-143a | 345.86 | 161.34° | 22591 | 226.63
R-245fa | 427.20 | 223.15 | 288.05 | 196.69
R-717 | 40540 | 19550 | 239.82 | 1369.50
R-718 | 647.10 | 27316 | 373.12 | 2256.47
R-744 | 304.13 | 21659 | 273.15 | 230.89
R-50 | 19056 | 9069 | 111.67 | 510.83
R-170 | 30533 | 9815 | 18455 | 489.47
R-290 | 369.85 | 12315 | 231.07 | 42543
R-600 | 42516 | 173.15 | 27262 | 385.79
R-600a | 407.85 | 173.15 | 261.54 | 366.69
R-1150 | 28235 | 103.99" | 169.38 | 482.41
R-1270 | 36557 | 133.15 | 22546 | 439.17
R-704 | 520 218 423 20.75
R-728 | 12619 | 6315 | 7735 | 198.84
R-732 | 15458 | 54.36 | 90.19 | 213.06
R-740 | 15066 | 83.80" | 8729 | 160.99

*triple point temperature
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Table 2 AAD’s of Watson and Meyra-Kuz-

Zarragoicoechea equation

Constraint Equation
Watson | Meyra et al.
Triple point 2.55 3.27
Normal boiling point 1.64 221

Deviation, %

Watson Equation ‘ '
i i i i i

-3
100 150 200 250 300 350 400

Temperature, K

Fig. 2 Deviations of calculated R-152a enthal-
pies from the ASHRAE table values
using Watson equation.
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Table 3 Numbers of data points and AAD's
of GV, A, RL, 34 and P4 equation

Correlation
GV | A |[RL | S4 | P4

Subst. | N*

R-22 68 1010013 1009]004 1005
R-23 69 | 0.08 | 0.10 | 0.05 | 0.06 | 0.02
R-32 67 010017 | 009 | 0.10 | 0.05
R-125 | 68 | 0.14 | 013 | 0.08 | 0.05 | 0.04
R-134a | 68 | 0.12 | 0.16 | 0.09 | 0.05 | 0.05

R-152a | 68 | 0.09 [ 0.14 | 0.09 | 0.01 | 0.06
R-143a | 65 | 0.08 | 0.13 { 0.07 | 0.06 | 0.04
R-245fa | 66 | 0.10 | 0.08 | 0.06 | 0.04 | 0.02
R-717 | 66 | 005|002 | 0.01 | 0.12 | 0.01
R-718 | 68 | 0.05 | 0.17 | 0.09 | 0.10 | 0.07
R-744 | 64 | 007 | 001 | 001 | 0.03 { 0.01
R-50 28 | 0.03 008005010 | 0.04

R-170 | 66 | 0.08 | 0.18 | 0.11 { 0.06 | 0.06
R-290 | 66 | 0.10 | 0.22 | 0.11 | 0.08 | 0.08
R-600 [ 66 | 0.08 | 013 |0.08 | 0.04 | 0.04
R-600a | 63 | 0.01 | 0.10 } 0.02 | 0.17 | 0.05
R-1150 | 67 | 0.08 | 0.20 | 0.10 | 0.09 { 0.05
R-1270 | 68 | 0.06 | 0.17 | 0.08 | 0.12 | 0.05
R-704 | 32 | 035|030 | 031030 029
R-728 | 25 | 001]0.05| 002004001
R-732 | 22 10071019012 | 0.08 | 0.08
R-740 | 26 {001 { 003 | 0.01 | 0.07 | 0.00

AVE. 0.08 | 0.13 ] 0.08 | 0.08 | 0.05

"Data from ASHRAE."”

ﬂ_ — n(a/eb)1/3+ m(e/eb)Z/B
Ahy (18)
+106/6,)+(1—n—m—1)(0/6,)*?
b _ (076, +m (68,
Ahy (19)
+1(0/6,)+(Q—n—m—1)(6/86,)°
L = 2(0/6,)+m(6/6,)
b (20)

+1(0/6,)+(1—n—m—1)(6/6,)%"

Z’A;% =n(c/t))"(T,/T,)'

+(1—-n)(6/6,)

(21)
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Table 4 Values of the parameter in equation

(21)
Subst. Parameter
n m !
R-22 0.40426 0.35022 1.89103
R-23 0.41640 0.34840 1.81597
R-32 0.41310 0.35469 1.84878
R-125 0.42468 0.34639 1.92862
R-134a 0.40639 0.34790 2.00204
R-152a 0.41397 0.34676 1.89952
R-143a 0.42381 0.35181 1.92380
R-245fa 0.41013 0.32196 1.93811
R-717 0.44427 0.36428 1.55409
R-718 0.38756 0.37098 1.89113
R-744 0.71079 0.34754 1.96629
R-50 0.47765 0.36163 1.58447
R-170 0.42558 0.35553 1.76799
R-290 0.41641 0.35533 1.88279
R-600 0.43313 0.34892 1.84091
R-600a 0.40838 0.36295 2.00554
R-1150 0.39776 0.35606 1.86540
R-1270 0.40981 0.36834 1.88605
R-704 0.81467 0.38172 1.68084
R-728 0.44345 0.36234 1.78354
R-732 0.43087 0.36494 1.74270
R-740 0.40401 0.37151 1.87541

04

0.3

=) o
= ]

Deviation, %
(=]
(=]

&

&
N

o
©

s
>

100 150 200 250 300
Temperature, K

Fig. 3 Deviations of calculated R-23 enthal-
pies from the ASHRAE table values.
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