Accepted Manuscript

. . . o : Experimental
Experimental study of heat transfer in rarefied gas flow in a circular tube with Th erm al an d

constant wall temperature Fluid S cience

Vadiraj Hemadri, G.S. Biradar, Nishant Shah, Richie Garg, U.V. Bhandarkar,
Amit Agrawal

PIL: S0894-1777(17)30425-9

DOI: https://doi.org/10.1016/j.expthermflusci.2017.12.030
Reference: ETF 9320

To appear in: Experimental Thermal and Fluid Science

Received Date: 6 July 2017

Revised Date: 4 December 2017

Accepted Date: 29 December 2017

Please cite this article as: V. Hemadri, G.S. Biradar, N. Shah, R. Garg, U.V. Bhandarkar, A. Agrawal, Experimental
study of heat transfer in rarefied gas flow in a circular tube with constant wall temperature, Experimental Thermal
and Fluid Science (2017), doi: https://doi.org/10.1016/j.expthermflusci.2017.12.030

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.expthermflusci.2017.12.030
https://doi.org/10.1016/j.expthermflusci.2017.12.030

Experimental study of heat transfer in rarefied gas flow in a

circular tube with constant wall temperature

Vadiraj Hemadri®, G. S. Biradar?, Nishant Shah®, Richie Garg®, U. V. Bhandarkar,
Amit Agrawal'®

'Department of Mechanical Engineering, 11T Bombay, Mumbai, India

Department of Mechanical Engineering, Defence Institute of Advanced Technology, Pune,
India

*Mechanical Engineering Department, Institute of Technology — Nirma University,
Ahemedabad, India

Abstract

This paper presents an experimental study of heat transfer in a slightly rarefied gas flowing in
a circular tube with constant wall temperature boundary condition. Local temperature
measurements are carried out for the first time in rarefied gas flows to investigate into the
anomalous values of Nusselt number (Nu) obtained by a previous experimental study
(Demsis et al. 2009). The present measurements agree well with the low Nu reported by
Demsis et al. (2009) when the Nu is obtained using their procedure; additionally, the
measurements reveal the importance of end effects in determining the Nusselt number in
rarefied gases. The Nusselt number obtained in the present experiments tends to zero with
increasing axial conduction. Nu shows a weak dependence on Knudsen number for the range
investigated here (0.001 < Kn < 0.012).

1. Introduction

Heat transfer in an incompressible fluid flowing in a circular tube with constant wall
temperature has been well documented in the laminar continuum regime. It is well known
that under such conditions, for a fully developed flow, the Nusselt number is a constant (Nu =
3.65). However, the heat transfer in rarefied gas is not very well understood. In such flows,
the Knudsen number (Kn) becomes significant and temperature and velocity jumps at the
wall become important. Although there are a lot of theoretical and simulation studies
concerning heat transfer in rarefied gas flows, there is considerable lack of experimental data

on the subject.
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