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Experimental Visualization for Flows over the Porous Spheres and

Cylinders with/without Blowing
Student: Hui-Zhen Chen Advisor: Prof. Chiun-Hsun Chen

Institute of Mechanical Engineering

National Chiao Tung University

ABSTRACT

This thesis carries out the experiments to visualize the flowfields over
burners in a wind tunnel. The smoke-generation wire and laser-sheet
lighting are employed to visualize the cold flow behaviors over the
burners. The parameters are incoming flow velocity (i.e. Re), blowing
ejection velocity and geometric variations of burner. The cold flow
visualization consists of two parts. © The first one is to visualize the flow
behaviors around and behind  the*burners; without air blowing. The
resultant patterns are eventually confirmed by the relative literatures.
The separation angles as a function of Re for each burner are measured.
It is found that the occurrence of separation for the cylinder is earlier than
that for the sphere with the same diameter. It is attributed to that the flow
Is subjected to more frictional force in the cylinder case. The second
part is to investigate the effect of the blowing from burners on the flow
behaviors. The flow pattern for each burner with a fixed air ejection
velocity (Vy) is described in details. For the case of 15mm-diameter
cylinder, it is found that as V,, is set at 1.76 cm/s, the wake does not
approach to the cylinder surface until Re increases to 907. Similarly, for
the 20mm-diameter cylinder under the specified V,, of 1.32 cm/s, the
wake returns to the rear of burner as Re approaches to 1,057. As to the
sphere burner, the critical value of Re is 1,720 under the specified V,, of
4.72 cm/s.  Moreover, for these three different burners, under the various



V., at the critical incoming flow velocity (U;,), above which the wake
returns to the rear of burner, are observed. For each burner, V,, and
critical U;, are correlated into an equation, respectively. Finally, the cold
flow structures can partially correspond to the resultant flame behaviors,
which the lift-off flame is transformed into second wake flame, at the

same Re.
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NOMENCLATURE

a Length of the cross-section area of test section
A Cross-section area of test section

Ag Surface area of cylinder burner

As Surface area of sphere burner

b Width of the cross-section area of test section
D Diameter of the cylinder or sphere burner

D Inner diameter of the burner

D, Outer diameter of the burner

L Length of the cylinder

Re Reynolds number

T Temperature

Ui, Incoming flow velogity

Vv \olumetric flow rate

A Flux of air

vV, Fuel ejection velocity

v Kinematic viscosity

Greek Symbol

p Density of incoming air (300K, latm)

u Viscosity of incoming air (300K, 1atm)

0 Separation angle



