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Abstract−− There exist in the technical literature 

several known correlations to determine the average 

convective heat transfer coefficient for fluid flow in 

single-phase inside tubes; however, no scrutiny as to 

their correctness has been carried out, comparing 

their average and maximum errors. In the present 

work such a comparison is carried out. Seven known 

correlations, those of Dittus-Boelter, Mijeev, Sieder-

Tate, Petukhov, Gnielinsky, Hausen and Camaraza 

et al. are compared to such an aim by using 3296 

experimental data of 36 fluids, which include water, 

gases, air and organic liquids. The validity range of 

the models was divided in six zones, additionally, the 

transition and turbulent regimens were considered. 

The comparison proves that the model by Camaraza 

et al. presents better indexes of correlation than the 

other 6 models, with lower indexes for mean absolute 

error and maximum error. 

Keywords−− Single-phase, heat transfer coeffi-

cient, model, average deviation, friction factor. 

I. INTRODUCTION 

Currently, to evaluate the convective heat transfer coef-

ficient, a common practice is to use the Dittus-Boelter's 

correlation, developed for the determination of the aver-

age heat transfer coefficients in turbulent flows inside 

smooth pipes. Another very used model is the correla-

tion by Sieder-Tate. These procedures are used in calcu-

lation and evaluation of new projects or industrial facili-

ties; however, these correlations evidence high values of 

uncertainty in the results obtained with their use, com-

ing to errors near ±40% (O’Neill et al., 2019). 

In order to improve this uncertainty, in the past cen-

tury several investigations were carried out so currently 

in the technical literature there exist more of a dozen 

correlations to determine the average convective heat 

transfer coefficient, amongst them, the correlation by 

Mijeev (Camaraza-Medina et al., 2017).  

The model given by Petukhov, an offspring of 

Prandtl’s analogy, provides an average error of 5% for 

values of 𝑃𝑟 ≤ 200 and 10% for  𝑃𝑟 > 200, however, 

it is applicable only for the turbulent zone completely 

developed 1 × 104 < 𝑅𝑒, (Cttani et al., 2017; Rabiee et 

al., 2018). This inconvenience was solved by Gniel-

insky, modifying Petukhov´s equation and extending its 

use to the transition zone 2.3 × 103 < 𝑅𝑒 < 1 × 104. 

Another available model in the literature for the turbu-

lent transition zone is provided by Hausen (Will et al., 

2018).  The correlations known at the present time are 

derived fundamentally from the analogies of Reynolds 

or Prandtl; the first ones present the exponential 

form 𝑐𝑅𝑒𝑚𝑃𝑟𝑛 and the second ones a most complex 

structure, which includes the friction factor and the po-

tential effect of the Prandtl number (Menni et al., 2019; 

Mondal and Field, 2018; Medina et al., 2017a). 

Very recently, a model that includes characteristics 

of both approaches, extending the range of validity to 

zones of operation not covered up at the present time by 

the known models, and maintaining parallel a lower 

level of uncertainty was proposed (Camaraza-Medina et 

al., 2019c). In the original publication of these known 

models, only the average error of correlation obtained in 

the validation is provided, which is averaged in the va-

lidity interval; however, it is not known how this error 

varies in different ranges. In some cases, the maximum 

error or the number of data that show a higher error of 

correlation than the average error of the model is 

known, (Camaraza-Medina et al., 2019a; Medina et al., 

2017b; Chen et al., 2019). 

At the present time, in the known specialized litera-

ture there exist no study that provides for each model 

the variation of the average and maximum errors, and 

the number of data that correlate over the average error. 

For this purpose, the present work compiled 3296 ex-

perimental data of 36 fluids, which include water, gases, 

air and organic liquids. These experimental data were 

correlated with seven models known in literature (Dit-

tus-Boelter, Mijeev, Sieder-Tate, Petukhov, Gnielinsky, 

Hausen and Camaraza et al.) A summary of these equa-

tions, their validity range and the average errors of cor-

relation are given in (Camaraza-Medina et al., 2019b; 

Medina et al., 2018). The description and tabulation of 

the obtained results in the data correlation with the sev-

en select models is the main objective of this paper. 

II. MATERIALS AND METHODS 

A. Required element for the comparative study 

In the analyzed models, the larger status of validity is 

the correlation of Camaraza et al., therefore, to carry out 

the study, its validity range is fragmented in six sub-

intervals, detailed in Table1. In Table 1, μF and μP are 

the fluid dynamic viscosity at TF and TP, respectively. 

The experimental data used in the validation of the 

selected model were extracted from Camaraza (2017) 

and summarized in Table 2. The deviation percent is 

developed with respect to Camaraza et al. model and is 

obtained by means of following equation, Clymer 

(2017), Rosenhouse (2019): 
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Table 1. Description of the validity range of the model. 

Interval Viscosity relation Prandtl number 

1 0.006 < 𝜇𝐹 𝜇𝑃⁄ ≤ 12.4 0.65 < 𝑃𝑟 ≤ 102 

2 0.006 < 𝜇𝐹 𝜇𝑃⁄ ≤ 25.6 0.65 < 𝑃𝑟 ≤ 5 × 102 

3 0.006 < 𝜇𝐹 𝜇𝑃⁄ ≤ 32.2 0.65 < 𝑃𝑟 ≤ 2 × 103 

4 0.006 < 𝜇𝐹 𝜇𝑃⁄ ≤ 44.1 0.65 < 𝑃𝑟 ≤ 8.1 × 103 

5 0.006 < 𝜇𝐹 𝜇𝑃⁄ ≤ 62.2 0.65 < 𝑃𝑟 ≤ 1.6 × 104 

6 0.006 < 𝜇𝐹 𝜇𝑃⁄ ≤ 177 0.65 < 𝑃𝑟 ≤ 4.71 × 104 

                      𝐷% = 100 ∙ (
𝛼𝑅−𝛼𝑒𝑥𝑝

𝛼𝑅
)              (1) 

In Eq. (1), 𝐷% is the deviation percent, 𝛼𝑅 and 

𝛼𝑒𝑥𝑝  are the heat transfer coefficient in single-phase and 

experimental respectively, in W (m2 ∙ ℃)⁄ . The mean 

absolute error (MAE) is obtained as (Anirudh and 

Dhinakaran, 2018): 

𝑀𝐴𝐸 =
1

𝑁
∑ |

𝛼𝑅−𝛼𝑒𝑥𝑝

𝛼𝑅
|𝑁     (2) 

In Eq. (2), 𝑁 is the number of experimental data availa-

ble. 

Table 2. Experimental data used in the validation of the selected models, Camaraza (2017). 

Source Number of data Fluid 𝒍/𝒅 𝑹𝒆 × 𝟏𝟎𝟑  Pr 𝝁𝑭 𝝁𝑷⁄  
Deviation 

percent 

I’lin (1951) 188 Air 
41 

162 

7 

6600 

0.68 

0.7 

0.65 

1.65 

5.3 

3.5 

Volkov (1966) 218 Air 
48 
370 

12.5 
3700 

0.68 
0.7 

0.65 
1.65 

6.2 
-1.5 

Petukhov (1963) 140 Air 
39 

100 

15 

5800 

0.68 

0.7 

0.65 

1.65 

4.4 

2.1 

Sukomiel (1962) 

44 Helium 
20 
50 

9 
40 

0.71 
0.72 

0.22 
4.5 

7.1 
-2.3 

67 
Isobutene (2-

Methylpropane) 
2 

60 
3200 
7200 

0.73 
0.75 

0.68 
1.46 

9.7 
-6.4 

148 Water 
6 

64 
12 
540 

0.9 
9.4 

0.19 
0.77 

8.2 
-7.9 

Eckert (1964) 93 Turpentine 
10 

90 

13 

110 

14.3 

29.8 

0.41 

2.43 

11.6 

-14.7 

Sabersky (1963) 
44 Water 

48 

61 

120 

160 

1.2 

5.9 

0.24 

0.86 

10.2 

1.1 

52 Pentane 
46 
88 

150 
620 

4.5 
7.1 

0.47 
2.08 

13.1 
-9.6 

Yakolev  (1960) 39 Water 
70 

90 

19 

140 

2 

12 

0.21 

1.15 

12.6 

-3.9 

Sabersky (1965) 62 Water 
60 

110 

35 

120 

1 

9.44 

0.13 

7.15 

13.1 

9.9 

Sterman-Petukhov 

(1970) 

46 Transformer oil 
89 
125 

3.4 
13.8 

34.9 
1530 

0.01 
115.2 

12.7 
-10.3 

29 Glycerin 
89 

125 

2.5 

9.1 

1630 

22650 

0.018 

55,4 

9.2 

-5.4 

52 MC Oil 
66 

115 

5 

10.4 

120 

9800 

0,007 

133,3 

14.8 

-17.1 

38 MK Oil 
80 
145 

5.4 
8.7 

590 
39000 

0.011 
88.7 

15.8 
-12.6 

Kreith (1947) 31 Butyl Alcohol 38 
42 

78 

23 

30 

0.08 

0.45 

15.3 

-12.2 

Ykolevet al. (1965) 53 Benzene 
60 

110 

2.6 

21.1 

3.2 

5 

0.31 

3.17 

8.8 

-4.8 

Humbble (1993) 
117 Gasoline 

60 
190 

70 
6900 

5.5 
15.1 

0.22 
4.4 

10.4 
-6.1 

181 Hydrogen 
43 

67 

12 

8200 

0.65 

0.73 

0.48 

3.28 

-2.4 

-8.8 

Kirilov (1967) 125 Nitrogen 
100 

138 

6 

8100 

0.68 

0.75 

0.15 

6.5 

9.8 

1.9 

Efimok (1969) 21 Carbon Dioxide 
77 
206 

14 
660 

0.66 
0.81 

0.3 
3.3 

7.4 
0.7 

Yan-Lin (1999) 91 Water 
2 

420 

4 

250 

0.94 

11 

0.19 

0.96 

9.9 

-11.5 

Tarashmova (2001) 26 Water 
20 

450 

400 

2500 

0.94 

11 

0.19 

0.96 

13.6 

-8.9 

Karkalala (2012) 44 Water 
18 
51 

1200 
2800 

1.2 
5.9 

0.24 
0.96 

5.3 
4.5 

Jung et al. (2008) 73 Transformer oil 
19 

150 

2.8 

8.1 

34.9 

4800 

1.2 

28 

16.2 

-7.5 

Carpenter (1957) 66 Methanol 
45 

120 

2.9 

1112.1 

2.2 

7.7 

0.1 

9.9 

4.4 

2.1 

Vasserman (1962) 

112 Kerosene 
30 
280 

6.4 
52.8 

1.35 
2.9 

0.38 
2.6 

7.1 
-2.3 

57 Acetic acid 
55 

135 

3.1 

987.8 

8.5 

14.2 

0.8 

1.2 

4.7 

-3.7 

38 Acetaldehyde 
65 

120 

3.9 

52.4 

2.85 

4.4 

0.4 

2.1 

8.2 

-7.9 
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141 Butanol 
40 
160 

5.4 
822.6 

22.5 
3860 

0.04 
24.6 

11.6 
-16.7 

187 Aniline 
50 

280 

4.4 

1024.2 

11.5 

111 

0.08 

12.35 

9.7 

-3.5 

37 Carbon Disulfide 
48 

125 

13.8 

76.9 

2.3 

3.2 

0.59 

1.68 

10.2 

-1.1 

23 Ciclohexane 
85 
220 

36.1 
89.4 

11 
19.9 

0.5 
1.9 

2.3 
-1.7 

Sherwood (1967) 

113 Ethanol 
80 

125 

21.4 

1513.8 

6.9 

68.4 

0.049 

20.5 

5.2 

7.4 

71 Ethyl ether 
70 

135 

580 

2560 

3.5 

7.3 

0.3 

3.6 

4.2 

8.1 

25 Ethylamine 
80 
100 

12.1 
17.8 

5.1 
8.3 

0.55 
1.8 

3.2 
-6.1 

31 Propylene 
60 

120 

125 

284 

2.8 

3.2 

0.27 

3.66 

9.1 

-4.8 

36 Dodecane 
70 

250 

72 

96 

10.7 

28.2 

0.4 

3.3 

11.1 

-12.4 

53 Decane 
65 
135 

16 
47.2 

6.8 
17.1 

0.25 
4.1 

2.3 
-7.8 

63 Ethylene glycol 
90 

165 

6.3 

12.1 

69 

510 

0.12 

8.1 

7.1 

-9.3 

Gordon (1937) 26 Oil olive 
85 

120 

2.7 

7.6 

700 

810 

0.3 

2.9 

9.1 

-11.4 

Gordon (1939) 29 Toluene 
70 
150 

3.9 
27.2 

4.7 
21.1 

0.1 
7.8 

11.6 
-9.4 

Mudawar et al. (2012) 166 Engine Oil 
30 

180 

2.4 

10.2 

84 

47100 

0.006 

177 

14.1 

-19.4 

For all sources above 3296  
2.0 

450 

2.4 

8200 

0.65 

47100 

0.006 

177 

16.2 

-19.4 

 
Table 3. Summary of the 𝑁 values used by zone. 

Interval 𝟐. 𝟑 × 𝟏𝟎𝟒 ≤ 𝑹𝒆 < 𝟏𝟎𝟒 𝟏𝟎𝟒 ≤ 𝑹𝒆 < 𝟖. 𝟐 × 𝟏𝟎𝟔 

1 219 439 

2 397 815 

3 516 1147 

4 627 1434 

5 799 1735 

6 1103 2193 

In order to accomplish this correlation study, the ex-

perimental available data were separated in two groups 

(see Table 3), for transition and turbulent zones. 

The study was carried out with 3296 experimental 

data. In Table 3 the 𝑁 values of experimental data avail-

able for each validity range of the model are summa-

rized (in agreement with the classification given in Ta-

ble 1). 

The experimental available data are grouped in the 

six intervals shown in Table 1 and thus the data of each 

zone with the seven models selected for this study are 

correlated, obtaining for each model the percentage val-

ues of data that correlates under MAE values (𝐷𝑚𝑒𝑎𝑛), 

the MAE values and the maximum error (𝐸𝑚𝑎𝑥).  

III. ANALYSIS OF RESULTS 

A. Summary of the main results obtained in the 

evaluation of the transition zone 

In Figs. 1 to 3, the values of MAE, 𝐸𝑚𝑎𝑥and 𝐷𝑚𝑒𝑎𝑛  ob-

tained in the correlation developed between available 

experimental data and selected models are given in 

graphical form.  

The study shows that in the transition zone, the fun-

damentals results used in the comparison concentrate on 

three fundamental elements, described early (MAE, 

𝐸max and 𝐷mean). In these for 2.4 × 103 ≤ 𝑅𝑒 < 104, it 
is confirmed that the model given by Camaraza et al. 

have the best MAE adjustment values, showing an aver-

age error of 12.1% and 13.6%, for 88.0% and 78.3% of 

the available data for Zones 1 and 6, respectively.  

In the specialized literature it is established that 

Gnielinsky's model correlates with an average error of 

10%; however, the results obtained in the present study 

show an average error of 7.5% and 14.8% for 85.2% 

and 76.6 % of the data for Zones 1 and 6, respectively, 

proving that the values obtained in the present study are 

slightly higher to the values commonly attributed in the 

literature.  

The most unfavorable indicators are obtained using 

the models of Dittus-Boelter and Mijeev, which provide 

MAE values respectively of 38.4% and 36.1% for 64.5% 

and 68.1% of the experimental data, respectively. 

Hausen's model allows to obtain convenient results, 

with MAE values of 19.3% in 75.1% of the examined 

data, which agrees well with those results given by Will 

et al. (2018).  

The correlations of Petukhov and Sieder-Tate are not 

valid in this interval; however, they provide an adequate 

result, with MAE values of 24.6 and 29.4% for 72.4 and 

70.5% of the experimental data, respectively; this indi-

cates that they can be used for rapid estimations of the 

heat transfer coefficients in the transition zone, which 

confirms the recommendations given by Liu et al. 

(2018).  

In the transition zone, it was found for the examined 

models a similarity of the criteria 𝐷mean. In each equa-

tion, the adjusted curve was constructed on the basis of 

the 𝐷mean values obtained for each zone. All the curves 

have one maximum point, located in Zone 1 (see Fig. 

3), and from there on all curves present an asymptotic 

decrease near to an exponential curve ruled by the func- 
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Figure 1:  MAE values in the correlation data (transition zone). 

 
Figure 2: 𝐸𝑚𝑎𝑥 values in the correlation data (transition zone). 

 
Figure 3: 𝐷𝑚𝑒𝑎𝑛 values in the correlation data (transition 

zone). 

 

tion 𝑎𝑒−0.02∙𝑧, in which, 𝑎 is the 𝐷mean in Zone 1, 

and 𝑧 is the number of the zone evaluated in the correla-

tion study. 

The model developed by Camaraza et al. and Gniel-

insky, shows the best 𝐷mean  index, with 88.0% and 

85.2% respectively in Zone 1, while these values reduce 

to 79.3% and 76.3% for Zone 6. On the contrary, the 

models of Mijeev and Dittus-Boelter have the more un-

favorable indexes, with 74.6% and 69.7% respectively 

in Zone 1, decreasing to 67.1% and 63.0% for Zone 6. 

The correlations by Petukhov and Sieder-Tate pro-

vide favorable results, with 80.4% and 78.9% respec-

tively in Zone 1, while these values are reduced to 

71.9% and 69.6% for Zone 6. Hausen’s model 

gives 𝐷meanvalues laying between the intervals of the 

ranges ruled by the Gnielinsky and Sieder-Tate correla-

tions, with 83.3% and 74.2% in Zones 1 and 6, respec-

tively. 

The specialized literature does not count with reports 

that suggest the possible maximum executed error with 

the use of a determined model. In the present study the 

value of 𝐸maxgenerated with the use of every model for 

the six studied zones was obtained, by means of the 

correlation made between the experimental available 

data and the models selected. 

The model developed by Camaraza et al. and that by 

Gnielinsky, show the best 𝐸max index, with 12.3% and 

13.4% respectively in Zone 1, while these values in-

crease to 24.6% and 26.5% for Zone 6. On the contrary, 

the most unfavorable indicators are obtained with the 

correlations of Mijeev and Dittus-Boelter, which pro-

vide 𝐸max values of 24.5% and 28.5% respectively for 

Zone 1, increasing to 49.2% and 55.1% in Zone 6. 

The models by Hausen, Petukhov and Sieder-Tate 

provide fairly acceptable adjustments of correlation, 

with 𝐸max values of 14.9%, 16.4% and 22.9% respec-

tively in Zone 1, while these values increase to 29.8%, 

33.1% and 46.2% for Zone 6. 

When checking the available literature, it is possible 

to confirm that of the studied models, only three are 

valid for the transition zone (Hausen, Gnielinsky and 

Camaraza et al.), 

However, in the present study it was demonstrated 

that the models by Petukhov and Sieder-Tate can be 

used reservedly to determine the heat transfer coeffi-

cients in the transition regime, being preferable not to 

extend their use beyond Zones 1 and 2. 

B. Summary of the main results obtained in the 

evaluation of the turbulent zone 

In Fig. 4 to Fig.6 the values of MAE, 𝐸𝑚𝑎𝑥  and 𝐷𝑚𝑒𝑎𝑛 

obtained in the correlation developed between the avail-

able experimental data and the selected models in the 

turbulent zone are given in graphical form. It clearly can 

be concluded that in the turbulent zone, the fundamental 

results used in the comparison concentrate on three fun-

damental elements, described early (MAE, 𝐸max and 

𝐷mean). In Figs. 4 to 6, for 104 ≤ 𝑅𝑒 < 8.2 × 106, it is 

confirmed that the model by Camaraza et al. have the 

best MAE adjustment values, showing an average error 

of 7.1% and 12.4% for 89.5% and 80.2% of the availa-

ble data for Zones 1 and 6, respectively. 

In the specialized literature it is established that the 

models by Petukhov and Gnielinsky correlate with an 

average error of 5% and 10% for Zones 1 and 6, respec-

tively; however, the results obtained in the present study 

for Petukhov’s model show MAE values of 7.4% and 

13.5% for 87.1% and 78.3% of the experimental data 

for Zones1 and 6 respectively, while for the Gnielinsky 

model the MAE values are 7.8% and 14.6% for 88.2% 

and 78.8% of the data for Zones 1 and 6. These results 

allow checking that the values obtained in the present 

study are slightly higher to the values commonly at-

tributed to these models in the literature. 

The most unfavorable indicators are obtained with 

the Dittus-Boelter and Sieder-Tate models. The first 

provides MAE values of 21.6% and 39.3% for 74.2% 

and 66.7% of the data, for Zones 1 and 6, respectively. 

The second model shows MAE values of 14.3% and 

36.5% for 80.9% and 72.4% of the experimental data, 

for Zones 1 and 6, respectively.  

The models by Mijeev and Hausen allow obtaining 

convenient correlation results. Hausen’s model provides 

MAE values of 9.8% and 20.4% for 85.2% and 74.2% of 

the experimental data, for Zones 1 and 6, respectively.  
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Figure 4:  MAE values in the correlation data (turbulent zone). 

 
Figure 5:  𝐸𝑚𝑎𝑥values in the correlation data (turbulent zone). 

 
Figure 6:  𝐷𝑚𝑒𝑎𝑛 values in the correlation data (turbulent 

zone). 
 

The model by Mijeev shows MAE values of 15.5% and 

32.8% for 77.6% and 70.2% of the experimental data, 

for Zones 1 and 6, respectively. 

In the turbulent zone, a similarity of the criteria 

𝐷mean was found for the models examined. For each 

correlation, the adjusted curve was constructed on the 

basis of the 𝐷mean values obtained for each zone. All 

the curves have one maximum point, located in Zone 1 

(see Fig. 6), and here thereafter they present an asymp-

totic decrease near to an exponential curve ruled for the 

function 𝑎𝑒−0.022∙𝑧, in which, 𝑎 is the 𝐷mean in Zone 1, 

and 𝑧 is the number of the zone evaluated. 

The models developed by Camaraza et al., Gniel-

insky and Petukhov, show the best 𝐷mean index, with 

89.5%, 88.1% and 87.1% respectively for Zone 1, while 

these values reduce to 80.2%, 78.8% and 78.3% for 

Zone 6. 

The correlations by Mijeev, Sieder-Tate and Dittus-

Boelter have the most unfavorable indexes 𝐷mean, with 

77.6%, 80.9% and 74.2% respectively in Zone 1, while 

these values reduce to 70.2%, 72.4% and 66.7% for 

Zone 6.  Hausen’s correlation gives 𝐷meanvalues laying 

between the intervals of the ranges ruled by the Petu-

khov and Sieder-Tate correlations, with 85.2% and 

76.4% in Zones 1 and 6, respectively. 

The specialized literature does not count with reports 

that suggest the possible maximum executed error with 

the use of a determined model. In the present study the 

value of 𝐸max generated with the use of every model for 

the six studied zones was obtained, by means of the 

comparison made between experimental available data 

and the seven models under study. 

The models developed by Camaraza et al., Petukhov 

and Gnielinsky, show the best 𝐸max index, with 12.8%, 

13.9% and 14.4% respectively for Zone 1, while these 

values increase to 23.2%, 27.1% and 28.2% for Zone 6. 

The correlations by Mijeev, Sieder-Tate and Dittus-

Boelter have the most unfavorable indexes 𝐸max, with 

21.9%, 19.9% and 29.4% respectively in Zone 1, while, 

these values increase to 40.8%, 43.0% and 52.5% for 

Zone 6. The model by Hausen provides fairly accepta-

ble adjustments, with 𝐸max values of 17.0% and 36.6%, 

respectively in Zones 1 and 6. 

IV. CONCLUSIONS 

In this paper, seven existing models that determine the 

convective heat transfer coefficient were compared. For 

this purpose, 3296 experimental data of different fluids 

were correlated. The validity range of the models was 

divided in six zones, additionally, two regimens, transi-

tion and turbulent were considered. 

For the transition zone 1103 experimental data were 

used, finding that the best adjustment was obtained with 

the correlation by Camaraza et al., with a MAE value of 

6.1% for 88.0% of the data and 12.1% of 𝐸𝑚𝑎𝑥  for Zone 

1, while for Zone 6, the MAE value is equal to 13.6% 

for 79.3% of the data and 24.6% for 𝐸𝑚𝑎𝑥. The weaker 

adjustment was achieved with the model of Dittus-

Boelter, with a MAE value of 17.2% for 71.8% of the 

data and 28.5% for 𝐸𝑚𝑎𝑥  for Zone 1, while for Zone 6, 

the MAE is equal to 38.4% for 64.5% of the data and 

55.1% for 𝐸𝑚𝑎𝑥. Other models that present reasonable 

adjustments are those of Gnielinsky and Hausen, the 

first has a global MAE of 14.8% for75.6% of the data, 

while the second has a MAE of 19.3% for 75.0% of the 

data. 

For the turbulent zone 2193 experimental data were 

used, finding that the best adjustment was obtained with 

the model by Camaraza et al., with a MAE of 7.1% for 

89.5% of the data and 12.8% for 𝐸𝑚𝑎𝑥  for Zone 1, while 

for Zone 6, the MAE is equal to 12.4% for 80.2% of the 

data and 23.2% for 𝐸𝑚𝑎𝑥. The weaker adjustment was 

achieved with the model of Dittus-Boelter, with a MAE 

of 21.2% for 74.2% of the data and 29.4% for 𝐸𝑚𝑎𝑥 for 

Zone 1, while for Zone 6, the MAE is equal to 39.3% for 

66.7% of the data and 52.5% for 𝐸𝑚𝑎𝑥. Other models 

that present reasonable adjustments are the models by 

Petukhov and Gnielinsky; they have a global MAE of 

13.5% for78.3% of the data and 14.6% for 78.8% of the 

data, respectively. 

In this study, the models recognized in the literature 

as more precise (Petukhov and Gnielinsky), showed a 
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slightly larger uncertainty than the results obtained with 

the model of Camaraza et al. Thus, the model by Cama-

raza et al. is a better correlation, with a much better ad-

justment with the experimental data. Its use leads to a 

lower value of uncertainty in the calculation of the heat 

transfer coefficients in the turbulent and transitional 

regimes. 
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