Accepted Manuscript
APPLIED
THERMAL

Research Paper ENGINEERING

Numerical investigation on heat transfer and flow characteristics of supercritical
nitrogen in a straight channel of printed circuit heat exchanger

Zhongchao Zhao, Xiao Zhang, Kai Zhao, Pengpeng Jiang, Yuping Chen

PII. S 1359_43 1 1(17)30906-7 DESIGN . PROCESSES . EQUIPMENT . ECONOMICS
DOI: http://dx.doi.org/10.1016/j.applthermaleng.2017.07.193
Reference: ATE 10861

To appear in: Applied Thermal Engineering

Received Date: 11 February 2017

Revised Date: 10 June 2017

Accepted Date: 26 July 2017

Please cite this article as: Z. Zhao, X. Zhang, K. Zhao, P. Jiang, Y. Chen, Numerical investigation on heat transfer
and flow characteristics of supercritical nitrogen in a straight channel of printed circuit heat exchanger, Applied
Thermal Engineering (2017), doi: http://dx.doi.org/10.1016/j.applthermaleng.2017.07.193

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.


http://dx.doi.org/10.1016/j.applthermaleng.2017.07.193
http://dx.doi.org/http://dx.doi.org/10.1016/j.applthermaleng.2017.07.193

Numerical investigation on heat transfer and flow
characteristics of supercritical nitrogen in a straight
channel of printed circuit heat exchanger
Zhongchao Zhao", Xiao Zhang, Kai Zhao, Pengpeng Jiang, Yuping Chen

School of Energy and Power Engineering, Jiangsu University of Science and Technology, Zhenjiang

Jiangsu, China
*Correspondence: zhongchaozhao@just.edu.cn; Tell: +86-0511-84493050

Abstract:

PCHE (Printed Circuit Heat Exchanger) is a promising candidate for vaporizer in volume-limited
vaporization processes, and the thermal-hydraulic performance of crossflow PCHE for liquefied
gas vaporization has been investigated under different conditions. In this study, we herein focused
on the heat transfer and flow characteristics of supercritical nitrogen in the PCHE cold channel, so
the same flow through a single channel of PCHE cold side was numerically treated. Numerical
simulation was performed using FLUENT. The mass flow rate was 0.000493 kg/s, corresponding
to the turbulence flow regimes. The SST model with enhanced wall treatment method was utilized
by comparing with the experimental data. The thermal properties of supercritical nitrogen at
different pressures were studied by using piecewise polynomial functions of temperature. After
validation of the method, the influences of nitrogen inlet pressure and mass flux on the heat
transfer and flow characteristics were discussed in detail. Then the Nusselt number and Fanning
friction factor were proposed using numerical data for the Reynolds number from 19379 to
40171.The experimental data were utilized to validate the correlation of Fanning friction factor.
The Nusselt number calculated by the proposed Nusselt number was validated with the numerical
data and the developed empirical correlations for the experimental condition. In addition, the
overall heat transfer coefficient was obtained by two methods. The indirect method, which

predicted the overall heat transfer coefficient by using the proposed Nusslet number correlation,
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