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Letter to the Editor
Letter to the editor: Comment on the paper ‘‘Extensive study
on laminar free film condensation from vapor-gas mixtures”
The recent paper [1] by Shang et al developed a new method to ac-
count for the variable property effect on laminar film condensation
with a noncondensable gas for the gravity flow. The variable property
effect is important and was also analyzed by Minkowycz et al [2], who
found that the difference between the variable property solution and
the constant property solution by Sparrow et al [3] was appreciable.
However, the other contribution indicated in the paper’s abstract [1]
about the ‘correct determination of the interfacial vapor condensate
saturated temperature’ is invalid, which causes the paper’s results
[1] differ substantially from Minkowycz’s [2].

The paper’s [1] Fig. 8 was used to compare between the paper’s
results and Minkowycz’s [2] the condensation heat transfer reduc-
tion (q/qNu) caused by the noncondensable gas as a function of the
temperature difference (T1-Tw). The comparison was based on the
analysis of the same physical condensation process with the same
bulk temperature (T1 = 373 K). The comparison showed that for
the temperature difference below about 50degF, there was almost
no condensation predicted by the paper [1], while significant con-
densation predicted by Minkowycz et al [2]. The paper [1] claimed
that the results of the classic work [2] ‘is incorrect,’ due to ‘the
incorrect determination of the interfacial vapor condensation satu-
ration temperature.’ On the other hand, the classic theoretical work
[2] has been validated by the experiment investigations [4,5] for
condensation with the temperature difference of interest. There-
fore, the current note tries to re-examine the discrepancy between
the recent paper [1] and the classic work [2] by investigating the
different methods used to determine the interfacial temperature
from a given interfacial vapor mass fraction, which plays a pivotal
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Fig. 1. Comparison of the empirical correlation [1] with results from Steam Tables
[6].
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role in studying the noncondensable gas effect on the reduced con-
densation temperature.

The paper [1] developed an empirical correlation for the inter-
facial temperature which only depends on the interfacial vapor
mass fraction: Ti ¼ 373W0:063

iv , Eq. (61) in the paper [1]. Apparently,
the correlation is insufficient to predict the interfacial temperature
when the steam-gas mixture total pressure (p) varies while the va-
por mass fraction remains unchanged. Therefore it is expected that
the paper’s empirical correlation would cause a large error due to
the neglect of the change in the total pressure. With various total
pressures and a fixed steam bulk temperature, Fig. 1 of this note
compares the interfacial steam saturation temperatures for a given
interfacial steam mass fraction predicted by the paper’s [1] empir-
ical correlation to those inferred from Steam Tables [6], which can
be regarded as the same source used in the classic work [2]. The so-
lid curve represents the paper’s [1] empirical correlation, which is
independent of the total pressure. The three dashed curves repre-
sent the results inferred from Steam Tables [6], for the total pres-
sure of 1.040, 1.116 and 1.551bar, respectively, corresponding to
the bulk air mass fraction used in the paper’s Fig. 8 [1] of 0.04,
0.14 and 0.46, respectively. Fig. 1 shows that when the total pres-
sure is above about 1.013bar, the paper’s [1] empirical correlation
underpredicts the interfacial temperature for a given interfacial va-
por mass fraction. When the temperature difference (T1-Tw) is suf-
ficiently low, the paper’s empirical correlation may have the
interfacial temperature predicted lower than the wall temperature,
resulting in the undue prediction of ‘the noncondensable region’ as
shown in the paper’s Fig. 6 [1]. This fact contributes to explain why
the analysis by Minkowycz et al [2] predicted the condensation
heat transfer reduction above 0.1 for a temperature difference be-
low 45degF to even as low as 2degF, but the paper [1] predicted
much less condensation in the same range of the temperature dif-
ference (Fig. 8 [1]) and even no condensation for the temperature
difference below about 18degF (Fig. 6 [1]).

In general, the paper’s [1] empirical correlation used to deter-
mine the interfacial temperature does not account for the probable
variation of pressure and may lead to some of the presented results
having a large error. Furthermore, the paper’s argument that the
results obtained by Minkowycz et al [2] ‘is incorrect’ due to ‘the
incorrect determination of the interfacial vapor condensation satu-
ration temperature’ is invalid.
References

[1] De-Yi Shang, Liang-Cai Zhong, Extensive study on laminar free film
condensation from vapor-gas mixture, International Journal of Heat and Mass
Transfer 51 (2008) 4300–4314.

[2] W.J. Minkowycz, E.M. Sparrow, Condensation heat transfer in the presence of
noncondensables, interfacial resistance, superheating, variable properties, and
diffusion, International Journal of Heat and Mass Transfer 9 (1966) 1125–1144.

[3] E.M. Sparrow, S.H. Lin, Condensation heat transfer in the presence of
noncondensable gas, ASME Journal of Heat Transfer 86 (1964) 430–436.

http://www.sciencedirect.com/science/journal/00179310
http://www.elsevier.com/locate/ijhmt


538 Letter to the Editor / International Journal of Heat and Mass Transfer 52 (2009) 537–538
[4] L. Slegers, R.A. Seban, Laminar film condensation of steam containing small
concentrations of air, International Journal of Heat and Mass Transfer 13 (1970)
1941–1947.

[5] H.K. Al-Diwany, J.W. Rose, Free convection film condensation of steam in the
presence of non-condensing gases, International Journal of Heat and Mass
Transfer 16 (1973) 1359–1369.

[6] J.H. Keenan, F.G. Keyes, P.G. Hill, J.G. Moore, Steam Tables: Thermodynamic
Properties of Water Including Vapor, Liquid and Solid Phases (International
System of Units), Wiley, New York, 1978.
Y. Liao
Laboratory for Thermal-Hydraulics, Paul Scherrer Institut,

5232 Villigen PSI, Switzerland
E-mail address: Yehong.Liao@psi.ch


	Letter to the editor: Comment on the paper “Extensive study on laminar free film condensation from vapor-gas mixtures”
	References


