Author’s Accepted Manuscript

ooooooooo CRYSTAL
GROWTH

Three-dimensional computations of  the
hydrodynamics and mass transfer during solution
growth of KDP crystal with a planetary motion

Zhitao Hu, Mingwei Li, Pengfei Wang, Chuan
Zhou, Huawei Yin

..............

wwnnsclencediectcom

www.elsevier.comylocate/jcrysgro

PIIL: S0022-0248(16)30918-6
DOI: http://dx.doi.org/10.1016/].jcrysgro.2016.12.058
Reference: =~ CRYS23917

To appear in: Journal of Crystal Growth

Cite this article as: Zhitao Hu, Mingwei Li, Pengfei Wang, Chuan Zhou an
Huawei Yin, Three-dimensional computations of the hydrodynamics and mas:
transfer during solution growth of KDP crystal with a planetary motion, Journc
of Crystal Growth, http://dx.doi.org/10.1016/].jcrysgro.2016.12.058

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


http://www.elsevier.com/locate/jcrysgro
http://dx.doi.org/10.1016/j.jcrysgro.2016.12.058
http://dx.doi.org/10.1016/j.jcrysgro.2016.12.058

Three-dimensional computations of the hydrodynamics and mass
transfer during solution growth of KDP crystal with a planetary

motion

Zhitao Hu, Mingwei Li", Pengfei Wang, Chuan Zhou, Huawei Yin
Key Laboratory of Low-grade Energy Utilization Technologies and Systems, Ministry of
Education; College of Power Engineering, Chongging University, Chongging 400030, China
*Corresponding author. Tel.: +86-23-65102471; Fax: +86-23-65102473. aoweixia@126.com

Abstract

Computational analysis of the three-dimensional flow and mass transfer involved
in the growth of KDP crystal with a planetary motion (PM) was conducted, in which
the crystal executes an orbital revolution with a constant revolution rate during its
self-rotation together with periodically changing the direction of crystal rotation.
Compared with the conventional KDP growth method which conducts centric rotation
(CR), this new configuration can avoid the sharp fluctuation of surface
supersaturation during the phases of crystal spin down, stalling and spin up, and
brings about an oscillatory fluid field during the steady self-rotation phase, all of that
being able to promote the morphological stability of the growing crystal. By
increasing the self-rotation rate, the frequency of the oscillatory fluid field will
increase, and the morphological stability will be enhanced. The time-averaged
supersaturation fields of the crystal surfaces are obtained, which are greatly affected
by the orbital revolution rate and the orbital radius. For a higher orbital revolution rate
or larger orbital radius, higher time-averaged value and better homogeneity of the
surface supersaturation could be obtained.
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1. Introduction

A growing energy shortage in the world today makes it very necessary for
scientists to do much research in laser-induced thermonuclear fusion. At present, KDP
and DKDP crystals are the only electro-optic crystal materials applied in the
plasma-electrode Pockels cell which is used in the laser-induced thermonuclear fusion
as an optical switch for 2w and 3w conversion [1]. It is of practical and scientific
significance to develop a method for rapidly growing KDP crystals with large scale
and high quality.

Over the past 80 years, scientists and technologists have done much research on
the structure, properties and growth method of KDP crystals, which improve the
growth rate and optical performances of the grown crystals. Especially during the
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