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Nomenclature

Area of test tube [ m' ]

Pressure coefficient or specific heat [ J/(kg * K) ]
Inside diameter of the upstream tube [ m ]
Inside diameter of the downstream tube [ m ]
Friction factor

Step height [ (D-d)/2 ]

Heat transfer coefficient [ W/(m' - K) ]
Thermal conductivity [ W/(m - K) ]

Distance along the swirl chamber [ m ]
Intensity of swirling flow

Mass flow rate [ kg/s ]

Pressure [ Pa ]

Dynamic pressure [ Pa ]

Static pressure [ Pa ]

Total pressure [ Pa ]

Reference pressure [ Pa ]

Heat flux [ W/m' ]

Radius of the upstream tube [ m ]

Radius of the down stream tube [ m ]

Local temperature [ C ]

Bulk temperature [ C ]



T. : Wall temperature [ C 1]

u . Local velocity of the downstream tube [ m/s ]

U © Mean axial velocity of the upstream tube [ m/s ]
X : Axial distance from expansion face [ m ]

y . Distance from the wall of downstream tube [ m ]

Greek Symbols

0 . Density [ kg/m’ ]
@ : Viscosity [ N-s/m' ]
v ¢ Kinematic viscosity [ m/s ]

Dimensionless Number

Re : Reynolds number [ = UD/ v ]
Nu : Nusselt number [ = hD/k ]
Nups © Nusselt number for Dittus-Boelter equation [ =0.023 ReO'SPr0'4 ]

Pr : Prandtl number [ = C,x/h ]

_Vi_



SUMMARY

Experiments were carried out for the turbulent swirling flow and heat
transfer characteristics of an abrupt expansion tube with an eccentric
intet on a constant heat flux.

The uniform heat flux condition was imposed to the downstream of an
eccentric expansion by using an electrically heated tube and the flow
upstream of the expansion was wunheated and fully developed.

Experimental data are presented for local axial velocities and local heat
transfer rates in the tube downstream of an abrupt 3:1 expansion.

Air was used as the working fluid. In the upstream tube, the
Reynolds number was varied from 4 X10* to 10 X10* and swirl
number range(based on the swirl geometry, ie., L/d ratio) in which the
experiments were conducted was L/d = 0, 10. The results obtained are
summarized as flows.

1) Fully development region showed from x/d=22 to downstream in case
of non swirl flow but x/d=30 on the swirl flow.
2) The wall temperature and the bulk temperature showed high when

Reynolds numbers was small and swirl intensity was increased.

3) The location of the maximum Nu/Nups showed at the point of 4 step

hight, for Re=4x10*

- Vil -
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Table 1 Velocity measurement position of fluid flow

T v 1 2 3 4 5 6 7 8 vl 1o
=422 (x/d) 1 2 4 6 9 15 22 30
d=50
Ao M | _ mm
30 100 | 200 | 300 | 450 | 730 ! 1100 | 1500
1 2)(mm) ;
Table 2 Vertical measurement position of test tube
T = 1 2 3 4 o) 6 7 8 9
ZHYA(G/R) | 003|007 02 | 0331047 | 06 0.73 | 0.87 1.0
Abd o] A o) 75
gl 2 {5 | 15325 |3 |45 55 | 6
712)(mm) (F4)
-+ 7 10 11 12 13 14 15 16 17 Bl 11
=392 (y/R) | 1.13 | 127 | 14 153 | 167 1.8 193 | 197 R=75
Ao A 2
M e e L1 | 115 | 125 | 135 145 | 148 | ™™
A2 (mm)
Table 3 Temperature measurement position of heat transfer
- 5 1 2 3 4 5 6 7 8 9
23 9 2 (x/d) 1 2 4 9 16 24 32 40 48
A A 9
50 100 | 200 | 450 | 800 | 1200 | 1600 | 2000 | 2400
A 2] (mm)
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u/U

y/R

Fig. 9 Axial velocity profiles in an abrupt expansion tube

with an eccentric inlet for non swirl at Re=4x 10*
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Fig. 10 Axial velocity profiles in an abrupt expansion tube

with an eccentric inlet for non swirl at Re=6 X 10*
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Fig. 11 Axial velocity profiles in an abrupt expansion tube

with an eccentric inlet for non swirl at Re=10x10*
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y/R

Fig. 12 Axial velocity profiles in an abrupt expansion tube

with an eccentric inlet for swirl at L/d=0 for Re=4x 10*
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Fig. 13 Axial velocity profiles in an abrupt expansion tube

with an eccentric inlet for swirl at L/d=10 for Re=4x10*
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Fig. 14 Pressure coefficient profiles along the test tube

with non swirl
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Fig. 15 Pressure coefficient profiles along the test tube

with swirl for Re=4x 10*
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Fig. 19 Distribution of bulk temperature profiles along the test tube

with swirl for Re=4x10*
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1.2
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Fig. 20 Comparison of (Tw-T)/(Tw-Ta) with each section of test tube

for non swirl at Re=4x10*
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Fig. 21 Comparison of (Tw-T)/(Tw-Ta) with each section of test tube

for non swirl at Re=6x10*
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Fig. 22 Comparison of (Tw-T)/(Tw-Ta) with each section of test tube

for non swirl at Re=10x 10
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