DETERMINATION OF HEAT-TRANSFER COEFFICIENT FOR
GAS MIXTURES CONTAINING HELIUM AND HYDROGEN
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Approximate formulas are given which permit the determination of heat-transfer coefficients
with sufficient accuracy for gases with Prandtl numbers from 0.3 to 1.

Mixtures of hydrogen and helium with "heavy" gases [1-3] and other gases can be used as working
substances in power devices. In such mixtures, the Prandtl number may take on values from ~1 to ~0.3
depending on gas composition as shown in Fig. 1.

The curves given in the figure for the dependence of Pr on gas composition were constructed from

_ theoretical values for viscosity and thermal conductivity determined by methods previously discussed {5].
For a mixture of helium and carbon dioxide, the values of the Prandtl number determined in this way
agreed with experimentally determined values [4].

In the calculation of heat-transfer coefficient, it is necessary to have a computational formula for
the determination of the heat-transfer surfaces and the selection of the optimal mixture composition which
makes it possible to determine the heat-transfer coefficient during turbulent flow simply and reliably.

There is a whole set of relatively simple empirical relationg for this purpose obtained from theoret-
ical solutions and from experimental data (see Table 1). However, these formulas are suitable for gases
having Prandtl numbers greater than 0.5-0.6 or less than 0.05. When using these formulas for gases with
Pr<0.5, the error in the determination of the heat-transfer coefficient may amount to 20-30% and more.

The integral of R. Lyon [6-8] yields the most precise solution; particularly Smele solutions of this
integral show a significant error in the region Pr = 0.3-0.5.

By analysis of theoretical solutions and existing experimental data of various authors on the heat-
transfer coefficient for completely turbulent flow of gases and liquids [7-10], it was established that Nu
is directly proportional to Pr™, where the exponent k is greater the smaller the Prandtl number. Thus
k = 0.8 for liquid metals (Pr<0.05) and k = 0.4-0.6 for liquids and gases with Pr = 0.5.
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Fig. 1. Prandtl number of gas mixtures as a function
of volume content of the "heavy" component: 1) hydro-
gen—nitrogen mixture; 2) helium—carbon dioxide mix-
ture; 3) hydrogen—carbon dioxide mixture. .
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*The relative error in % in comparison with Eq, (1) is given under the value of the
Nusselt number,

Existing theoretical and experimental data on the heat-transfer coefficients of gases and liquids for
Re in the range 10°-107 and for Pr> 0.6 and Pr < 0.05 [7, 8] make it possible to obtain an approximate for-
mula for Pr in the range 0.3-1 with the help of the Lyon integral. Furthermore,the structure of the ex-
pression for Nu typical of gases and liquids with Pr > 0.6 and Re > 10° is preserved, but the exponent of
Pr in this formula is a function of the absolute value of the Prandt! number:

Nu = 0.022Ret 8 Prk, 1)
where k = 0,595Pp 0126

This expression agrees within 1% with the solution obtained from the Lyon integral for the correspon-
ding conditions and can be simplified and brought to the form

Nu = 0.022 Ret-8 Pppo-se 2)

with an increase in the error to 59%.

An approximation to the exact solution of Eq. (1) is possible with an accuracy of no worse than 10-15%
in the form typical of liquid metals in the range of Pr and Re under discussion.

Table 1 gives a comparison of the various computational formulas and their relative errors in com-
parison with the exact theoretical solution obtained from the Lyon integral [8]. One should note here that
the exact solution of the Lyon integral, just like Eq. (1), was compared for certain values of Pr < 0.05 and
Pr > 0.6 with experimental data for number of liquids [9, 10]. The comparison indicated extremely good
agreement.

Therefore for comparison of the expressions in the table, we took for exact ("standard") values of
Nu those values of this criterion which were obtained from a solution of the Lyon integral.

As is clear from Table 1,the proposed approximate formulas yield the greatest accuracy, which
makes it possible torecommend them for the calculation of heat-transfer coefficients of gas mixtures con-
taining He and CO,, and H, and CO,. However, they need experimental verification.

NOTATION
Nu is the Nusselt number;
Re is the Reynolds number;
Pr is the Prandtl number.
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