Accepted Manuscript
APPLIED

THERMAL
Numerical study of buoyancy’s effect on flow and heat transfer of kerosene in ENGINEERING

a tiny horizontal square tube at supercritical pressure

Jiangyu Hu, Jin Zhou, Ning Wang, Yu Pan

PII: S1359-4311(17)36027-1

DOI: https://doi.org/10.1016/j.applthermaleng.2018.05.131

Reference: ATE 12270 DESIGN . PROCESSES . EQUIPMENT . ECONOMICS
To appear in: Applied Thermal Engineering

Received Date: 17 September 2017

Revised Date: 3 April 2018

Accepted Date: 31 May 2018

Please cite this article as: J. Hu, J. Zhou, N. Wang, Y. Pan, Numerical study of buoyancy’s effect on flow and heat
transfer of kerosene in a tiny horizontal square tube at supercritical pressure, Applied Thermal Engineering (2018),
doi: https://doi.org/10.1016/j.applthermaleng.2018.05.131

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.applthermaleng.2018.05.131
https://doi.org/10.1016/j.applthermaleng.2018.05.131

Numerical study of buoyancy’s effect on flow and heat transfer of kerosene in a tiny
horizontal square tube at supercritical pressure

Jiangyu Hu, Jin Zhou*, Ning Wang, Yu Pan
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410073, P.R. China

E-mail: 907164990@qqg.com

Abstract: The flow and heat transfer characteristics of China No.3 aviation kerosene (RP-3) flowing in a tiny
horizontal square tube at supercritical pressure under gravity are numerically studied, focusing mainly on the
secondary flow and buoyancy effects on heat transfer at different flow parameters. The heated length of the tube is
480 mm while the inner length of side is 2 mm. Results indicate that buoyancy will cause secondary flow, and the
intensity of secondary flow decreases with mass flow rate and pressure, while increases with volume heat source
density. The heat transfer coefficient difference between the walls also decreases with-mass flow rate and pressure,
while increases with volume heat source density. Temperature of the top wall is higher than that of the bottom
wall, while the average heat flux of the top wall is lower than that of the bottom wall. Heat transfer coefficient of
the bottom wall is the highest, while that of the top wall is the lowest. Jackson’s criterion and Petukhov’s criterion
were tested to assess the application of the two criteria in the present study. Results indicate that Jackson’s
criterion can be used to judge the buoyancy effect quantitatively while Petukhov’s criterion can not.
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NOMENCLATURE

Symbols

A Area of cross section (m?)

Cp isobaric specific heat capacity [kJ/(kg- K)]

g gravitation [9.81m/s’]

G mass flux [kg/(m?- s)]

Gr Grashof number

Gryq practical Grashof number in Petukhov’s criterion
Gry, critical value of Grashof number in Petukhov’s criterion
h Heat transfer coefficient [W/(m?- K)]

H enthalpy (J/kg)

k turbulent kinetic energy (J)

m Mass flow rate (g/s)

| Characteristic length (m)

Nu Nusselt number

P Pressure (MPa)

Pr Prandtl number

q Effective heat flux (W/m?)

Re Reynolds number

ui, (i, j, k) velocities in x, y, z directions (m/s)

U, @i, j, k) deviation of u, from its average amplitude (m/s)
Visec velocity of secondary flow (m/s)

Xiy (i, J, K) Cartesian coordinate

Y* dimensionless distance from solid wall
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