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ABSTRACT

This paper proposed a new empirical K-value equation is developed to calculate dew pressure for
gas condensate reservoirs. This equation is applicable in the wide ranges of composition, tem-
perature, and pressure by considering the effect of composition via two equations for normal
boiling point and critical temperature of the mixture. The range of dew pressure, temperature,
heptane plus mole fraction, methane mole fraction, N, mole fraction, CO, mole fraction, and H,S
mole fraction are fallen into 2666.7—9655 Psia, 40—350.87 °F, 0.0021—0.213, 0.3344—0.9668,
0—-0.4322, 0—0.0864, and 0—0.942 respectively. As an important point, the proposed equation has
any adjustable parameters, in addition, this equation indicates that in order to predict of dew
pressure of gas condensate reservoirs, trial and error was not needed and therefore, computational
speed increases beyond the accuracy. Moreover, the accuracy is validated by comparing against the
experimental data of 81 gas condensate reservoirs samples from published literature and the re-
sults of Wilson, Whitson, and Ghafoori equations. Compared to the experimental data, the absolute
average deviations of dew pressure calculations for the proposed equation, Wilson, Whitson, and

Ghafoori were 7.6%, 97.6%, 99.4%, and 94.9% respectively.
Copyright © 2018, Southwest Petroleum University. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

prediction by empirical correlations that calculate dew pressure
directly as a function of thermo-physical properties [5].

Dew point pressure is an important property of a petroleum
mixture and has a very complex nature due to its dependency to
the composition of the mixture. In addition, developing accurate
models with acceptable computational speed is a significant
challenge in the thermodynamics of reservoir fluids. Different
methods for predicting of dew pressure at a specified tempera-
ture and composition of the hydrocarbon mixture, are included:
i) prediction by the K-value based on empirical equations [1], ii)
prediction by the K-value based on equations of states [2], iii)
prediction by genetic and fuzzy logic algorithms [3,4], and iv)
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Among the above-mentioned methods, calculating dew
pressure using the K-value based on empirical equations seems
more advantages because of computational speed-up and accu-
racy. Therefore, study and develop a new empirical K-value
equation for calculating dew pressure with acceptable accuracy
is important. The K-value play an essential role in predicting of
the phase behavior of hydrocarbon mixture. They are important
in predicting compositional change under changing pressure and
temperature in reservoirs, separation, production, and trans-
portation facilities. In particular, they are critical for high-
precision reservoir simulations [6—9]. K-value is defined as the
equilibrium ratio of vapor to the liquid mole fraction of a
component in a mixture [10]:

K =3 (1)
1

where Kj, y;, and x; are respectively, the K-value of component i,
vapor phase mole fraction of component i, and liquid phase mole
fraction of component i. In a hydrocarbon mixture, K-values at
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Table 1

The experimental composition, temperature, and dew pressure of gas condensate reservoirs used in this work.
NO. N, Co, H.S G C, C; Ca Cs Cs Cyy Yo7 Mwcr, T (°F) P (psia) Refs.
1 0 0 0 82.38 428 3.51 4.64 1.28 0.99 2.92 0.74 125 40 3095 [3]
2 5.56 0.6 0 85.19 3.57 154 0.94 0.5 0 2.1 0.7734 129.81 89.99996 5615.937 [1]
3 5.56 0.6 0 85.19 3.57 1.54 0.94 0.5 0 21 0.7734 129.81 120 5495.87 [1]
4 5.56 0.6 0 85.19 3.57 1.54 0.94 0.5 0 21 0.7734 129.81 180 5235.739 [1]
5 5.56 0.6 0 85.19 3.57 154 0.94 0.5 0 21 0.7734 129.81 219.9999 4965.596 [1]
6 5.56 0.6 0 85.19 3.57 1.54 0.94 0.5 0 21 0.7734 129.81 228 4775.497 [1]
7 5.47 0.44 0 85.48 3.5 1.46 0.95 0.51 0 2.14 0.7861 143.6 89.99996 6016.146 [1]
8 5.47 0.44 0 85.48 3.5 1.46 0.95 0.51 0 2.14 0.7861 143.6 120 5926.103 [1]
9 5.47 0.44 0 85.48 35 1.46 0.95 0.51 0 2.14 0.7861 143.6 180 5725.991 [1]
10 5.47 0.44 0 85.48 3.5 1.46 0.95 0.51 0 2.14 0.7861 143.6 210.9999 5555.903 [1]
11 5.47 0.44 0 85.48 3.5 1.46 0.95 0.51 0 2.14 0.7861 143.6 219.9999 5515.881 [1]
12 5.47 0.44 0 85.48 35 1.46 0.95 0.51 0 2.14 0.7861 143.6 235.9999 5415.825 [1]
13 0.08 2.44 0 82.1 5.78 2.87 1.79 1.12 0.72 3.1 0.774 132 180.41 4077.734 [1]
14 0.15 0.18 0 86.57 3.83 1.97 1.21 0.74 0.57 478 0.82 200 224 8750 [3]
15 0.71 8.64 0 70.85 8.53 495 2.01 0.81 0.46 3.04 0.8311 155.3 246 5780 [3]
16 0.87 0.82 0 64.04 10.57 5.75 3.72 2.04 1.01 11.18 0.807 186 251 5229 [3]
17 0.77 0.95 0 59.8 14.15 6.89 3.92 2.21 1.75 9.56 0.791 163 290 4203 [31]
18 0.47 0.45 0.01 60.73 13.83 6.33 3.68 2.09 1.65 10.76 0.789 162 290 4173 [3]
19 0.66 0.98 0 68.1 7 5.05 3.77 2.7 1.77 9.97 0.807 162 256 5219 [3]
20 0.85 0.06 0 67.02 11.74 5.79 3.33 1.79 133 8.09 0.787 148 150 4172 [3]
21 04 0.7 0.75 65.68 12.17 5.47 3.45 2.06 1.51 7.81 0.777 154 319 4160 [3]
22 0.75 3.912 0 70.203 9.22 2.759 1.643 0.824 0.816 9.873 0.803 192.8 243.23 6685.38 [25]
23 0.75 3.912 0 70.203 9.22 2.759 1.643 0.824 0.816 9.873 0.803 192.8 278.51 6575.094 [6]
24 0.75 3912 0 70.203  9.22 2759 1643 0824 0816 9.873 0.803 192.8 313.43 6480.77 [6]
25 0.75 3.912 0 70.203 9.22 2.759 1.643 0.824 0.816 9.873 0.803 192.8 350.87 6222.468 [6]
26 0.34 2.17 0 70.64 10.76 4.94 3.02 135 0.9 5.88 0.81 153 275.99 4856.95 [6]
27 0839 0436 O 95792 2309 0211 0.128 0.043 0.029 021 0.805 156.08 166.19 6242.784  [8]
28 0.839 0.436 0 95.792 2.309 0.211 0.128 0.043 0.029 0.21 0.805 156.08 202.19 5984.482 [8]
29 0.839 0.436 0 95.792 2.309 0.211 0.128 0.043 0.029 0.21 0.805 156.08 238.19 5702.962 [8]
30 0.839 0436 O 95792 2309 0211 0.128 0.043 0.029 021 0.805 156.08 274.19 5222.636  [8]
31 0.524 0.749 0 96.003 2.101 0.202 0.106 0.049 0.038 0.228 0.8 151.99 186.89 5969.97 [8]
32 0.524 0.749 0 96.003 2.101 0.202 0.106 0.049 0.038 0.228 0.8 151.99 222.89 5668.134 [8]
33 0.524 0.749 0 96.003 2.101 0.202 0.106 0.049 0.038 0.228 0.8 151.99 258.89 5283.583 [8]
34 0.524 0.749 0 96.003 2.101 0.202 0.106 0.049 0.038 0.228 0.8 151.99 294.89 4823.574 [8]
35 0.98 8.2 0 68.71 8.27 472 212 0.98 0.66 5.36 0.7338 161.72 248 5671.959 [9]
36 0.89 8.18 0 68.04 8.33 4.89 2.32 1.15 0.72 5.49 0.7359 164.63 248 5616.821 [9]
37 0.72 8.19 0 68.74 8.27 471 2.09 0.96 0.61 5.73 0.7393 169.257 248 5537.016 [9]
38 0.7 8.21 0 67.61 8.35 4.7 2.02 0.94 0.59 6.87 0.7437 175.167 248 5236.659 [9]
39 0.68 8.35 0 68.7 8.43 4.75 2.11 0.97 0.61 543 0.7347 166.661 248 5606.664 [9]
40 0.71 8.35 0 68.52 8.44 4.78 212 0.97 0.6 5.51 0.7379 171.234 248 5547.173 [9]
41 0.71 8.02 0 68.03 8.17 471 212 0.96 0.61 6.69 0.7428 179.109 248 5447.054 [9]
42 1.72 0.3 0 79.17 7.48 3.29 1.77 0.91 0.62 4.74 0.770129 169.9191 249.53 6825.574 [12]
43 3.45 2.73 0 57.71 10.72 5.99 3.45 1.84 1.72 12.39 0.7648 161.8537 250 4510.7 [11]
44 3.45 2.73 0 57.71 10.72 5.99 345 1.84 1.72 12.39 0.7648 161.8537 275 4532.7 [11]
45 3.45 2.73 0 57.71 10.72 5.99 3.45 1.84 1.72 12.39 0.7648 161.8537 305 4535.7 [11]
46 10.86 2.38 3.94 66.43 6.5 2.81 1.55 0.66 0.57 4.3 0.7472 149.9647 150 6091 [11]
47 10.86 2.38 3.94 66.43 6.5 2.81 1.55 0.66 0.57 4.3 0.7472 149.9647 200 5928 [11]
48 10.86 2.38 3.94 66.43 6.5 2.81 1.55 0.66 0.57 43 0.7472 149.9647 262 5668 [11]
49 6.79 1.35 0 68.69 8.12 3.76 2.19 1.24 0.99 6.87 0.7596 161.4963 266 6159.7 [11]
50 0.3 4.35 0 62.55 9.99 5 3.51 1.96 1.47 10.87 0.8095 173 305 5224.7 [11]
51 0.65 0.19 0 53.18 11.56 7.62 5 2.6 1.99 17.2 0.8294 218 307 4577.7 [11]
52 0.14 3.78 0 58.46 7.53 4.58 3.15 1.78 1.56 19 0.8549 250 287 6200 [11]
53 0.78 1.48 0 50.47 11.11 6.79 4.53 242 1.89 20.53 0.8275 188 302 3981.7 [11]
54 3.95 0.05 0 37.45 1052 7.78 8.43 5.91 4.61 21.3 0.8067 168 220 2666.7 [11]
55 10.07 2.01 2.65 66.89 6.85 3.05 1.84 0.96 0.68 5 0.75506 160.9428 275 5732.7 [11]
56 3.12 3.23 0 69.76 9.03 4.02 2.25 1.15 0.96 6.47 0.75917 168.0463 305 5987.7 [11]
57 7.52 1.31 0.17 65.65 8.19 4.14 2.55 1.43 1 8.04 0.754976 158.5489 291 5636.7 [11]
58 343 2.75 0 67.83 449 2.67 2.68 1.85 2.03 12.27 0.74612 159.2908 301 4922.7 [11]
59 0.2 0.77 0 72.09 6.36 6.23 4.07 1.77 1.28 7.23 0.77421 155.462 229 5040 [11]
60 04 1.25 0 80.79 4.4 2.88 2.03 14 1.15 5.7 0.7976 151 240 5720 [23]
61 0.32 1.15 0 80.61 4.6 2.38 1.9 1.16 0.88 7 0.824 194 265 6668 [23]
62 0 0.59 0 96.68 1.19 0.32 0.23 0.28 0.14 0.57 0.8597 224 233 9655 [23]
63 43.22 4.97 0.41 33.44 5 4.24 3.22 1.98 1.09 243 0.768 128 230 4423 [23]
64 0.2 2.07 0 86.34 4.64 1.83 1.02 0.31 0.28 3.31 0.8368 235 270 8500 [23]
65 0 0.77 0 89.8 3.81 1.51 0.8 0.4 0.45 2.46 0.7936 158 220 5870 [23]
66 0.35 0.85 0.01 62.53 12.88 6.84 3.32 1.89 132 10.01 0.8 161 194 4630 [23]
67 0.88 0.53 9.42 67.95 6.21 2.37 2.08 1.21 1.47 7.88 0.7925 135 217 4414 [24]
68 0 5.82 0 56.85 11.09 8.58 4.81 2.21 1.52 9.12 0.8312 157 288 4465 [23]
69 0.17 0.07 0 88.93 5.07 2.02 1.1 0.49 0.42 1.73 0.7913 148 218 4995 [24]
70 0.21 1.12 0 88.66 441 2.26 1.34 0.51 0.28 1.21 0.8162 142 250 5029 [24]
71 0.19 0.99 0 90.7 3.18 1.29 0.79 0.42 0.31 213 0.7806 140 229 4590 [24]
72 2.01 1.25 0 70.76 11.74 5.32 2.73 1.31 0.97 391 0.7766 128 197 3865 [24]
73 0.2 0.9 0 91.33 3.2 1.29 0.76 0.39 0.24 1.69 0.7804 138 232 4640 [24]
74 0.22 0.87 0 91.12 3.23 1.26 0.77 0.39 0.27 1.87 0.7879 144 222 4912 [24]
75 0.22 1.98 0 83.07 425 2.07 1.32 0.57 0.42 6.1 0.8219 204 305 8305 [24]
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Table 1 (continued )

NO. N2 C02 st C1 Cz C3 C4 Cs C(; C7 b YC74 MWc7> T (UF) P (psia) Refs.
76 0.25 0.29 0 90.25 3.64 1.16 0.88 0.44 03 2.79 0.8171 198 232 8570 [24]
77 0.15 2 0 87.54 5 1.56 0.85 0.43 0.21 2.26 0.821 203 275 8933 [24]
78 0.17 1.9 0 84.45 5.75 2.08 1.21 0.57 0.45 342 0.8227 202 271 8507 [24]
79 0 0.27 0 91.11 4.49 1.61 0.84 0.31 0.24 1.13 0.8164 164 185 7865 [24]
80 0.31 0.92 0 63.71 11.63 5.97 3.35 1.76 1.6 10.75 0.809 185 262 4968 [13]
81 0.13 0.18 0 61.72 141 8.37 443 243 1.79 6.85 0.795 143 186 4000 [13]

high pressure have an extra dependency on composition, tem-
perature, and pressure of the mixture compare to low pressure
[11]. At the following, we present the K-value equations from
published literature and then proposed a new empirical K-value
equation to calculate dew pressure for gas condensate reservoirs.

2. Literature review

Up to now, many attempts have been conducted for developing
K-value equation of reservoir fluids. The work performed by Katz
and Hachmuth (1937), can be considered as the first compre-
hensive study of K-value on the petroleum fluids. They mixed
samples of oils and gasses, measured compositions of compo-
nents in both phases, and finally computed values of equilibrium
constants (K-value). These values were employed to prepare a
chart for relating K-value to temperature, pressure, and compo-
sition. The laboratory results showed that at a specific pressure, all
K-values approached to unity [12], was named convergence
pressure [13]. Later, Hoffman et al. (1953), proposed the following
simple relation for predicting the K-value amounts [14]:

KPY . /1 1
Log(14.7) =bi (T_bi - _T) (2)
with
o Pi \(1 1T
bi = Log (14-7> (Tbi Tci) 3)

where P, P, Tp;, T, and T are the system pressure (psia), critical
pressure of component i (psia), normal boiling point of compo-
nent i (R), system temperature (R), and critical temperature of
component i (R), respectively. This correlation has been obtained
by study the experimental equilibrium constants prepared by
Hoffman et al. at a wide range of composition and pressure (up to
reservoir pressure) for gas and gas condensate systems, and
available experimental data such as those of Katz and Hachmuth.
Furthermore, standing (1979), modified Hoffmann's equation by

the curve. The results were the following correlations for o and c
as a function of pressure system:

a=12+45x10"4P +15 x 1073p? (5)

c=089-1.7x10%P—-35 x 10-8p? (6)

Eq. (4) has been recommended for the range of pressure and
temperature are fallen into 0—1000 (psia) and 40—200 (°F),
respectively [12]. One the most well-known equation for pre-
dicting K-value is Wilson's equation [15]. This relation is able to
predict K-value at low pressure by using critical properties,
acentric factor, pressure, and temperature [15]:

K — (%)exp[sw 1+ o) (1-Tg)] 7)

where P, P, Tg;, and wj are the pressure (psia), critical pressure of
component i (psia), reduced temperature of component i, and
acentric factor of component i, respectively. Whitson and Torp
modified Wilson's equation for high-pressure region by adding
the convergence pressure term, as follows [16]:

K = (%)H (%) exp[5.37a(1 + i) (1~ Ty )| 8)

where Py is convergence pressure (psia), and o is defined as
follows:

)

It can be seen that at low pressure (a«=1), Eq. (8) is reduced to
Eq. (9) (Wilson equation). Almehaideb et al. (2003), considered
the effect of C7, part by combining proposed K-value equation
proposed by McWilliams [17], and that of Whitson and Torp (Eq.
(8))[10]:

adding two adjustable parameters as follows [12]: P.\*1 /p.
K= (2 =) exp(aK) (10)
1 1 l)k p
Log(K;P) = a + cb; (T— — Tl") (4)
bi where « is defined by Eq. (9) and K{ is defined as follows:
where o and c are pressure dependent parameters. Standing . ary am a a a
o p2 p3 w
made diagrams of Log(K;P) versus b;(1/Tp; — 1/T) for 18 samples Ki = T + T + ar3 +apInP + P2 + P T (1
using experimental data; then, found the best passing lines from
Table 2
The equations for evaluating properties of heptane plus fraction.
Properties Equations Refs.
Ty 3.76587MEPA01673 158262 exp[0.00377409Mc7 ;. + 2.98403yc7, — 0.00425288Mc7, vc7, ] (18]
Tc 189.8 +450.6 v7.. + (0.4244 + 0.1174vc7, ) Toeyy. + (0.1441 — 1.0069y¢7., ) 12 [18]
Pc (81.91 — 29.7 x log 19(Mc7. — 61.1) + ( yc7,. — 0.8) x (159.9 — 58.7 x logyo (M7 — 53.7)))14.7 [20]
w; [18,21]

—7.904 + 0.1352Kyc7, — 0.007465K2,;, + 8.359 Gg%) + (1.408 — 0‘010631(wc7+)( {%) Kw = 4.5579 M/>178 084573
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Table 3
Calculated dew pressure and corresponding error for studied models in this
work.

NO. New model Wilson Whitson & Torp Ghafoori
Calc. AD% Calc. AD% Calc. AD% Calc.  AD%
1 3262 5 4 100 4 100 4 100
2 5323 5 14 100 16 100 14 100
3 5252 4 29 99 38 99 29 99
4 4920 6 103 98 278 95 104 98
5 4679 6 209 96 n.c 100 214 96
6 4632 3 239 95 n.c 100 245 95
7 5738 5 5 100 6 100 5 100
8 5816 2 12 100 14 100 12 100
9 5615 2 47 99 70 99 47 99
10 5455 2 87 98 177 97 87 98
11 5406 2 103 98 249 95 103 98
12 5320 2 137 97 n.c 100 137 97
13 4682 15 61 99 100 98 62 98
14 7422 15 3 100 3 100 3 100
15 5774 0 55 99 81 99 55 99
16 5157 1 5 100 5 100 5 100
17 4852 15 33 99 42 99 33 99
18 4767 14 31 99 39 99 31 99
19 4888 6 17 100 20 100 17 100
20 3757 10 5 100 5 100 5 100
21 4817 16 95 98 170 96 95 98
22 5852 12 4 100 4 100 4 100
23 6204 6 7 100 8 100 7 100
24 6417 1 14 100 16 100 14 100
25 6539 5 27 100 33 99 27 100
26 5219 7 59 99 87 98 59 99
27 6704 7 166 97 n.c 100 168 97
28 6431 7 360 94 n.c 100 374 94
29 6173 8 709 88 n.c 100 814 86
30 5935 14 1284 75 n.c 100 5165 1
31 6309 6 301 95 n.c 100 312 95
32 6040 7 606 89 n.c 100 682 88
33 5793 10 1117 79 n.c 100 4919 7
34 5568 15 1900 61 n.c 100 4919 2
35 4995 12 36 99 48 99 36 99
36 5053 10 30 99 39 99 30 99
37 5227 6 23 100 29 99 23 100
38 5289 1 15 100 17 100 15 100
39 5139 8 28 100 36 99 28 100
40 5290 5 22 100 27 100 22 100
41 5405 1 13 100 14 100 13 100
42 5852 14 26 100 32 100 26 100
43 4302 5 15 100 17 100 15 100
44 4480 1 23 99 27 99 23 99
45 4636 2 38 99 49 99 38 99
46 5039 17 10 100 11 100 10 100
47 5085 14 30 99 39 99 30 99
48 4953 13 93 98 185 97 93 98
49 5226 15 36 99 48 99 36 99
50 5355 2 24 100 28 99 24 100
51 5149 12 3 100 3 100 3 100
52 5300 15 0 100 O 100 0 100
53 4513 13 6 100 7 100 6 100
54 2568 4 3 100 3 100 3 100
55 5363 6 61 99 92 98 61 99
56 5432 9 57 99 83 99 57 99
57 4986 12 54 99 79 99 55 99
58 4657 5 42 99 56 99 42 99
59 4735 6 22 100 26 99 22 100
60 5252 8 38 99 50 99 38 99
61 6909 4 7 100 8 100 7 100
62 9843 2 11 100 12 100 11 100
63 4425 0 213 95 n.c 100 218 95
64 9309 10 3 100 3 100 3 100
65 6024 3 44 99 62 99 44 99
66 4068 12 5 100 6 100 5 100
67 4367 1 38 99 51 99 38 99
68 4819 8 36 99 46 100 36 99
69 5619 12 96 98 211 100 96 98
70 5429 8 274 95 n.c 100 280 94
71 5133 12 145 97 n.c 100 146 97
72 4231 9 79 98 144 100 79 98

Table 3 (continued )

NO. New model Wilson Whitson & Torp Ghafoori
Calc. AD% Calc. AD% Calc. AD% Calc. AD%
73 5051 9 209 95 n.c 100 213 95
74 5427 10 118 98 380 100 118 98
75 7598 9 12 100 14 100 12 100
76 7821 9 8 100 8 100 8 100
77 8019 10 19 100 22 100 19 100
78 7796 8 12 100 13 100 12 100
79 6769 14 31 100 40 99 31 100
80 5320 7 7 100 7 100 7 100
81 3918 2 16 100 19 100 16 100
AAD% 7.6 97.6 99.4 94.9

Note: AD% is Absolute Deviation (= |Pgxp — Pcalc|/Pexp*100 where Peyp, and Peaic
are experimental and calculated dew pressure), AAD% is Absolute Average De-
viation (= ZiSJ]ADi/Sl), and n.c = not calculate.

Coefficients arq to ars, apy to ap3, and a,, were determined by
fitting Eq. (11) over experimental PVT data of 17 crude oil and
natural gas samples of UAE (732 data point) [10]. Ghafoori et al.
(2012), proposed the following empirical K-value equation to
predict bubble pressure for reservoir fluids by changing the
parameter P/P in Wilson's equation in order to enter the effect
of composition in predicted K-value [2]:

K; = (%)B exp[5.378(1 + wp) (1 - Tg)] (12)

where f is defined as the following equation:

P Trmix
p=1-(5;) e

with Trmix = T/Tcmix, Where Tepix (Pseudo critical temperature of
mixture) defined as the following equation:

n
Temix = D ZiTei (14)
i1

where z; and n are mole fraction of component i and number of
components in the mixture, respectively. Eq. (12) was used to
calculate bubble pressure for 122 different samples of reservoir
fluids that average absolute error for these samples was 11%. It
can be seen that at low pressure (B=1), Eq. (12) is reduced to Eq.
(9) (Wilson equation).

In this work, we proposed a new empirical K-value equation
to gas condensate reservoirs by adding the convergence pressure
term and normal boiling point of species in Wilson's equation in
order to considering the effect of high-pressure on K-values. In
addition, the proposed K-value equation was used for calculating
dew pressure at high pressure for 81 samples of gas condensate
reservoirs.

3. The proposed K-value equation

The following important results may be concluded by
studying experimental dew point pressure of gas condensate
reservoirs in the wide range of temperature, pressure, and
composition [18,19]: i) Dew pressure drops by increasing the
amount of heavy components. ii) In a hydrocarbon mixture, the
slope of InKj versus InP at low pressure is always negative and the
function of temperature. iii) Concavity graph Kj versus pressure is
positive. iv) Concavity graph K; versus pressure decreases with
increasing temperature. v) Heavy components posse small K-
value. None of the present equations are able to predict accuracy
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Table 4
The range and average of composition, temperature and heptane plus properties in which the propose equation has an accurate prediction.
N> CO, H,S G G G Cyq Cs Ce Cry Yc7+ Mwcz, T(°F) P (psia)
Maximum 4322 8.64 9.42 96.68 14.15 8.58 8.43 591 4,61 213 0.8597 250 350.87 9655
Minimum 0 0 0 33.44 1.19 0.202 0.106 0.043 0 0.21 0.7338 125 40 2666.7
Average 2.6 2.08 0.31 75.38 6.67 3.31 2.03 1.07 0.77 5.76 0.79 162.84 236.84 5570.76

values of K-value, in the wide range of temperature, pressure,
and composition of gas condensate reservoirs, required in dew
point pressure calculation. Probably because of the above-
mentioned notes. In this work, the following equation is pro-
posed for predicting K-value for gas condensate reservoirs in the
manner to satisfy our expectation about the behavior of dew
point pressure:

() 1) sl )

where in this equation P, P, Trj and w; are convergence pressure
(psia), system pressure (psia), critical pressure of component i
(psia), reduced temperature of component i (=T/T ), and acen-
tric factor of component i, respectively. In addition, B, Tcmix, and
Tbmix are given by the following relations:

(15)

. (T/TCmix>
p— (o) (16)
n
Tomix = Y _ ZiToi — ZH2sTom,s — Zc7+ Tocz+ (17)
i=1
n
Temix = Z ziT (18)

i=1

where T, Tpi, zj, and n are critical temperature of component i
(K), normal boiling point of component i (K), mole fraction of
component i in the mixture and number of components,
respectively. In this work, the following equation is used to
calculate convergence pressure, given by Rzasa [22]:
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> Myl
Py = —2381.8542 + 46.341487M yl7, + > _ % [76”}
i=1

where T is temperature (°F) and a1 = 6124.3049,
oy = —2753.2538, and a3 = 415.42049. Proposed equation
consider the effect of mixture composition on K-value by
introducing Tpmix and Tcmix. In addition, it should be pointed
out that the proposed equation does not need any adjustable
parameters. The performance of proposed equation is investi-
gated by computing dew pressure for 81 samples of gas
condensate reservoirs and compare the results with experi-
mental data as well as those obtained from Wilson, Whitson,
and Ghafoori equations.

4. Results and discussion

Table 1 gives the experimental composition, temperature,
and dew pressure of gas condensate reservoirs used in this
work. In these calculations heptane plus fraction (C;,) is
considered as one pseudo component and relation for predict-
ing critical properties and normal boiling point are given
Table 2. In dew point pressure, the following condition must be
satisfied [19]:

n n Vi
D oxi= f =1 (20)
i1 i—1 i

where x; and y; are the liquid and vapor mole fraction of
component i, respectively. By substituting Eq. (15) in Eq. (20) and
some mathematical manipulation, the following equation was
obtained for dew pressure:
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Fig. 1. Calculated dew pressure by using proposed K-value equation and experimental dew pressure for the samples 2, 7, 27, and 43, respectively.



442 S. Aghamiri et al. / Petroleum 4 (2018) 437—443

10000
—e— Experimental data { A
—#&— Calculated data
8000
X1
&
o
2
2z 6000
a
2
3
A
4000
2000
0 20 40 60 80
Data index

Fig. 2. Comparison between the calculated dew pressure by using new proposed
equation and the experimental dew pressure relative to real data index.
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This equation indicates that for predict dew pressure to gas
condensate reservoirs, trial and error was not needed and
therefore, computational speed increases beyond the accuracy.
Table 3 show the results of calculation of dew pressure using the
proposed equation for 81 samples introduced in Table 1. Also,
shown in the table are dew pressure and relative errors, obtained
by Wilson, Whitson, and Ghafoori equations. According to
Table 1, we can determine the range of composition, tempera-
ture, pressure, and heptane plus properties of samples, in which
the proposed equation may predict the dew pressure carefully.
Table 4 introduces these ranges, also, shown in table are the
average of composition, temperature, pressure, and heptane plus
properties of samples. According to table, the range of dew
pressure, temperature, heptane plus mole fraction, methane
mole fraction, N, mole fraction, CO, mole fraction, and H,S mole
fraction are fallen into 2666.7—9655 Psia, 40—350.87 °F,
0.0021-0.213, 0.3344—0.9668, 0—0.4322, 0-0.0864, and
0—0.942 respectively.

Fig. 1 shows the results for calculated dew pressure with
proposed equation for samples 2, 7, 27, and 43 in which experi-
mental dew pressure exist at several temperatures. According to
this figure, a significant agreement between calculated and
experimental dew pressures may be observed. Fig. 2 shows a
comparison between the calculated dew pressure by using new

l)dew = 1 (21 )

1+3p
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Fig. 3. The cross-plot of the predicted dew pressure by proposed K-value equation
versus the experimental dew pressure.
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Fig. 4. The relative deviations of the predicted dew pressure from the proposed
equation to the experimental dew pressure.

proposed equation and the experimental dew pressure relative
to real data index (shown in Table 1). As shown in this figure, the
calculated dew pressure by proposed K-value equation, match
the relevant experimental dew pressure. In order to prove the
accuracy of the proposed K-value equation in dew pressure
prediction, the cross-plot of the predicted dew pressure by
proposed K-value equation versus the experimental dew pres-
sure is shown in Fig. 3. In addition, the relative deviations of the
predicted dew pressure from the proposed equation to the
experimental dew pressure are shown in Fig. 4.

5. Conclusions

In this work, a new K-value equation has been proposed for
dew point pressure calculation of the gas condensate reservoirs.
This equation is applicable in the wide ranges of composition,
temperature, and pressure by considering the effect of mixture
composition through introducing Tpmix and Tcmix. The range of
dew pressure, temperature, heptane plus mole fraction, methane
mole fraction, N, mole fraction, CO, mole fraction, and H,S mole
fraction are fallen into 2666.7—9655 Psia, 40—350.87 °F,
0.0021-0.213, 0.3344-0.9668, 0-0.4322, 0-0.0864, and
0—0.942 respectively. As an important point, the proposed
equation has any adjustable parameters. In addition, this equa-
tion indicates that for predict dew pressure of gas condensate
reservoirs, trial and error was not needed and therefore,
computational speed increases beyond the accuracy. The new
equation had been used to calculate dew pressure for 81
different samples of gas condensate reservoirs, collected from
the literature. In addition, the results of proposed equation had
been compared with Wilson, Wilson, Whitson, and Ghafoori
equations. The absolute average deviation for the proposed
equation, Wilson, Whitson, and Ghafoori equations were 7.6%,
97.6%, 99.4%, and 94.9% respectively.

Nomenclature

K; K-value of component i

P System pressure (psia)

Pei Critical pressure of component i (psia)
T System temperature (R)

Thi Normal boiling point of component i
Tei Critical temperature of component i
Wi acentric factor of component i

Tri reduced temperature of component i

Pk convergence pressure (psia)
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Temix pseudo critical temperature of mixture

Thmix pseudo normal boiling point of mixture

Zi mole fraction of component i in the mixture

Xj mole fraction of component i in the liquid phase
Vi mole fraction of component i in the vapor phase
n number of components

Mc7. Molecular weight of C7+ component

Yc7e Specific gravity of C7+ component

The74 Normal boiling point of C74+ component

Teers Critical temperature of C7+ component

We74 acentric factor of C7+ component

Pcers Critical pressure of C7+ component
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