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Nomenclature

Description

upstream tube diameter (mm)

downstream tube diameter (mm)

friction factor (Dimensionless constant)

step height (D-d)/2=H (Dimensionless constant)
heat transfer coefficient (W/m? * C)

thermal conductivity of air (W/m ° C)

radius of the downstream tube (mm)

radial local distance from downstream center(mm)
axial distance from expansion face (mm)

local velocity (m/s)
mean axial velocity in upstream tube(m/s)

local mass flow rate (kg/m?)

air density at actural condition (kg/m®)
specific heat at constant pressure(KJ/Kg ° C)
total pressure (kg/m?)

velocity pressure (kg/m?)

static pressure (kg/m?)

wall temperature ( ° C)



Ts : bulk temperature ( ° C)

Re : Reynolds number in upstream tube

Nu : Nusselt number

Pr : Prandtl number

dp : pressure gradient (N/m?

dx : axial distance between the measuring stations(m)

Nupp Nusselt number determined by Dittus-Boetler eq.
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SUMMARY

Experiments were carried out for the turbulent flow and heat
transfer downstream of an axisymmetric abrupt expansion in a
circular pipe with a constant wall heat flux.

The uniform heat flux condition was imposed to the downstream of
the abrupt expansion by using an electrically heated pipe and the
flow upstream of the expansion was unheated and fully developed.
Runs were made with small diameter to large diameter ratio of 0.33
and over the Reynolds numbers range of 60,000 to 140,000(based on
upstream diameter). Experiments were tested with air as working
fluid.

The results obtained are summarized as follows :

1) The location of the Nu/Nups showed at the point of 4 step
heights for Re=80,000, 100,000 of the abrupt concentric expansion.

The value of Nu/Nups showed at the point of 3 step heights for
Re=120,000, 140,000.

2) Axial velocity increased rapidly at r/R=0.6 in the abrupt
concentric expansion turbulent flow through the test tube.

3) Friction factors of the test tube showed a constant value at
x/d=13 and regardless of the inlet flow boundary condition.

4) For all Reynolds number, the wall temperature showed a curve of
parabolic variation at 24 < x/d < 59.

The bulk temperature showed a minimum value at x/d=6~9, but it

showed a linear distribution of increase.
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Fig. 2. Photograph of the test tube mounted with heating coil.
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Fig. 3. Velocity measurment positions of downstream tube.
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Fig. 4. Temperature measurment positions for heat transfer experiment.
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