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Prediction of Friction Coefficients for Gases

There has long been a need for a means of correlat-
ing both laminar and turbulent friction coefficients
for gases, with large variations in the physical proper-
ties, flowing through smooth tubes. In recent years,
the generally accepted relations used to predict fric-
tion coefficients for laminar and turbulent flow have
undergone extensive experimental investigation.
Observed coefficients were found to be as much as
three times the predicted value.

Since 1967, empirical relations have been in use for
laminar and turbulent flow wherein the friction co-
efficient based on bulk temperature is a function of
modified Reynolds number based on surface tempera-
ture.

For modified surface Reynolds numbers less than
3000 (corresponding to laminar flow), local and
average friction coefficients can be predicted within
+20 percent for 1< Tg/Ty, < 4.1 by the expression:
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where: f = friction coefficient
Ts = surface temperature
Ty, = bulk temperature
Res = surface Reynolds number

For modified surface Reynolds number of 3000 and
greater (corresponding to turbulent flow), local and
average friction coefficients for both cooling and
heating (0.35 < Tg/Ty, < 7.4) can be predicted
within =10 percent by the expression:
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These relations have been used to correlate friction
coefficients for hydrogen, helium, nitrogen, carbon
dioxide and air.

Notes:
1. These prediction methods apply to any of the
problems of predicting friction pressure loss through
a passage. It is applicable from the most simple
piece of tube to the complex cooling passages of a
regeneratively-cooled rocket nozzle.
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Patent status:
No patent action is contemplated by NASA.
Source: Maynard F. Taylor
Lewis Research Center
(LEW-10774)
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