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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

A Study on Energy Separation Mechanism in RanqgiseH Vortex Tube

Name: Mohd Hazwan bin Yusof

This thesis describes the experimental and modsysis on the energy separation mechanism
(ESM) in a counter flow Ranque-Hilsch vortex tubhis thesis comprises 5 chapters.

Chapter 1 introduces the basic idea about a VTlaexpg the history, the types, the example of
usage, and the advantages/disadvantages of a \propgosed flow pattern inside a counter flow VT is
also explained. In the literature section, the aedees on the geometrical optimization of the \Wid the
flow pattern inside a VT are included with a dissios on the inconsistencies about the results édai
by different researchers. Then, the objectivesisfthesis are also expressed in this chapter.

Chapter 2 describes the experimental apparatuspesmcedures of the total temperature/pressure
measurement methods, and the flow visualizatiohrtiegies. The specifications of the equipment and
measurement devices are shown in this chaptereTdrertwo simple flow visualization techniques. Bot
techniques use needle and oil paint droplet. Thst fiechnique uses an oil paint droplet, on a
0.75mm-diameter needle. The oil paint droplet anribedle is positioned along the centerline ofctiid
flow. The movement of the oil paint droplet repmasethe flow direction of the cold flow. Another
technique uses a 0.70mm-diameter needle with 10 fiwl@s which can exudate colored oil (exudation
needle). The exudation needle is inserted intoctiié flow along the centerline. Then the coloredi®i
injected to the exudation needle little by littledaexuded from the small holes. The flow directadrihe
colored oil on the exudation needle represents$loimedirection of the cold flow.

Chapter 3 explains the development of total tentpeggorobe with the objective and structure of the
probe is explained. Those probes are named as Tlypeand 3. An evaluation experiment is conducted
using the Type 1, 2, and 3 to determine the effecfgobe angle along the centerline of a soniagazle
on the measurement accuracy. Results show thdartgest measurement error for Type 1, 2, and 3 are
—1.3°C, —1.1°C, and—0.7°C, respectively. From these results, the effectthe angle of the
thermocouple on the total temperature measureraerdgligibly small.

Chapter 4 reports the results of total tempergboessure measurements and flow visualization at the
cold exit. The experiments of the effects of thieldoaction on the measurement were carried out wie
Type 3 total temperature probes and Pitot pregsuniee. From the results, a negative and positivega
pressure regions are measured. It implies the Ipibgsiof a direct/reversed flow at the cold exito
clarify the flow direction, two kinds of flow visliaation are conducted. The flow direction of thadc
flow is determined by the movement of the oily pagiioplet. From the results, a reversed flow is
observed around the center of cold exit at a smatiiel fraction. The length of reversed flow inses as
the cold fraction decreases, which implies the ei@se in the pressure at the core of the vortex loham



lower pressure in the vortex chamber means a Igtaic/total temperatures at the core of vortexudber
and a higher static/total temperatures at the aeigon of the vortex in the vortex chamber. Tlsighe
effect of cold fraction on the EMS at an arbitramlet pressure. When the inlet pressure increasas a
arbitrary cold fraction, the tangential velocityieases, which results in a lower static/total terafures
at the core of the vortex chamber and a higheicAtatal temperatures at the outer region of theesoin
the vortex chamber.

Chapter 5 describes a mathematical model analyssolated unconfined compressible vortex flow
with a review of some literatures. The basic equmstj the laminar vortex solutions, turbulent vortex
solutions, and problems with VAB model are expldindhe improvement of the VAB model is
conducted by replacing the laminar Prandtl numbii & laminar plus turbulent Prandtl numbers. The
results show that the total temperature is rougidgpendent of the summation of laminar and turtule
Prandtl numbers. The EMS in a turbulent compressilrtex is discussed and proposed, by examining
the VAB model in detail. The results show that #drogas in the peripheral region of the vortemenly
caused by heat generated by viscous dissipati@hcalder gas in the vortex core is mainly generéigd
viscous shear work done on the surface of the #ledhent to the surrounding gas.

Chapter 6 summarizes the conclusions of this shadgd on the implementation of objectives.



