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ABSTRACT

A transient three-dimensional numerical simulation is carried out in the present
study to investigate the new vortex flow patterns'resulting from an air jet impinging
onto a large horizontal heated disk.with an upper plate confinement. The commercial
computational fluid dynamics seftware’STAR-CD is'employed to solve the governing
equations of the flow. Attention is focused on-the“identification of new flow structures
other than the circular vortex rolls which are frequently seen in a mixed convective
impinging jet. The results from this simulation indicate that the predicted steady
vortex flow pattern for the cases with the unheated target plate (Ra = 0) consists of
two circular rolls. They are the primary and secondary inertia-driven rolls. When the
target disk is heated, the buoyancy-driven vortex flow in the form of regular circular
rolls appears near the edge of the disk at low Rayleigh number. At intermediate
Rayleigh numbers many buoyancy rolls appear in the region of the space between the
target plate and confinement. These rolls are highly deformed. The termination and
splitting of the rolls are clearly seen. At a certain high jet Reynolds number the

primary inertia-driven roll may split into a number of short radial rolls.
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4,756 (AT = 15.0C), (e) 9,513 (AT = 30.0C), and (f) 12,684 (AT =
40.0C). ---
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Fig. 4.52 Continued.

Fig. 4.53 Contours of vertical velocity component w at the middle horizontal
planes at certain time instants in steady or statistical state for Re;= 1,082
(Q;= 8.0slpm) & 1,352 (Q;= 10.0slpm) for D;= 10.0 mm, H = 15.0 mm
for Ra=(a) 0 (AT =07C), (b) Ra= 1,585 (AT =5.01C), (c) 3,171 (AT =
10.0°C), (d) 4,756 (AT = 15.0C), (e) 9,513 (AT = 30.0C), and (f)

12,684 (AT = 40.0°C).

Fig. 4.53 Continued.

Fig. 4.54 Flow region map for different buoyancy-driven flow patterns at H = 10.0
mm (25 cases). -—--

Fig. 4.55 Flow region map for different inertia-driven flow patterns at H = 15.0
mm (36 cases). -—--
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NOMENCLATURE

D Disk diameter

D; Jet diameter at the injection pipe exit (mm)

g Gravitational acceleration (m/s?)

Gr Grashof number, gBATH’ / v’

Glr/Rej2 Critical buoyancy-to-inertia ratio for the onset of buoyancy induced roll
H Distance between the exit of injection pipe and heated plate (mm)
P Nondimensional pressure

Pamb Pressure of the ambient, 101325 Pa

P Motion pressure

Pr Prandtl number

p Dimensional pressure (Pa)

Q; Jet flow rate (Standard Liter per Minute, slpm)

Is The center of the location of secondary inertia-driven roll (mm)
r,0,z Dimensional cylindrical coordinates

R,0,Z Dimensionless cylindrical coordinates, r/R_,0,z/H

Ra Rayleigh number, gBATH’ / ov

Ra. Critical Raleigh number for longitudinal rolls

R Radius of processing chamber (mm)

Reynolds number defined by Santen et al. [21] as Re=V,H /v , where

Re 3Q,
vr(r,z):l Q‘3 zZ(H -2)
r
Re; Jet Reynolds number, \TjD i / \Y

XIv



ReH

Si

So

e |

Local Reynolds number in the wall-jet region, uH/v

Size of primary inertia-driven roll (mm)

Size of buoyancy-driven roll (mm)
Temperature

Temperature of the confinement cold wall (‘C)
Temperature of the initial state (‘C)
Temperature of the heated plate (C)
Dimensional (sec.) and dimensionless times

Dimensional velocity components in the radial, azimuthal, and axial

directions

Average velocity of the flow at wall-jet region (m/s), (Re iD jv)/ (8rH)

Dimensionless velotity componénts in the radial, azimuthal, and axial

directions

Uniform velocity of the'airjet-at-the injection pipe inlet (m/s)

Greek symbols

(o}

B

AT

Thermal diffusivity (cm%/s)

Thermal expansion coefficient (1/K)

Temperature difference between the heated disk and the injected air (°C)
Kinematic viscosity (cm?/s)

Non-dimensional temperature, (T =T, )/ (Tf =T, )

Nondimensional coordinates in the radial and axial directions

Nondimensional temperature
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