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-Abstract-

,_i\]ﬂtu]‘ﬂl convection heat transfer from four models tube heat exchanger
; -angle of inclination has been investigated experimentally to pred.mt the
of the following (fining tubes, perforated fins, number of perforation fin

eat exchanger immersed in an enclosure and angle of inclination) and I
me enclosure with
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finally numerical simulations have been applied on the sa

immersed smooth tube heat exchanger.

The experimental study included manufacturing four models of tube ||
heat exchangers type medium fin tube. The tube is made from brass 126.15 cm
(length) * 25 mm (outer diameter) x 22 mm (inner diameter). The fins are also ||
made from brass with dimensions 25 (inner diameter) * 37mm (outer
diameter). The four models consisted of model- [(smooth tube), model-2(fin
tube), and model-3 (fin tube with two perforations) and model-4 (fin tube ‘ﬁl'ith
four perforations). Perforation was equilateral triangular with climensm_m
(3mm). Tube heat exchanger is immersed in thin enclosure (Aspect ratio
9.3:1). Water was used as medium for natural convection in the enclosure and
heat exchanger. The experiments were done for angles of inclination (0% 15° ¢
30° and 45°). Three experiments groups were done. The first group (discharge)
experiments represent the enclosure with all boundaries well insulated, and the
isothermal and initial stratified enclosures were done. The sccond group
represents charging is accomplished via a constant heat flux on the upper
boundary and all other boundaries are well insulated, in this case the
experiments either (combined charging/discharge) with initial isothermal, or
(combined charging/discharge) with initial stratitied, and finally group only
(charging). The experiments were done with variable discharge (0.015, 0.03,
0.05) kg/s and variable charging (260, 480, 700, 920, 960) W/m”.

Numerical simulation was done on model-1 (smooth tube) using the
ready package Fluent (6.2). The solution of computation field involved two
conditions. The first one isothermal enclosure at 353K with all boundaries
adiabatic. The second condition represented applied heat flux on the upper
surface (960 W/m?) with all boundaries are adiabatic. Temperature and
velocity field contours for three periods (0.664, 5.334 and 1053) seconds for
angles of inclination (0% 15° « 30° and 45”) were predicted.

The experimental results showed in the initially isothermal enclosure |
(discharge) experiments, the fluid temperature at top sides and bottom of the
tube in (model-3) requires less time to reach steady state than the (models-1, 2
and 4) for all angles of inclination, due to the rapid mixing of cold plume
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e tmer fluid. Initially stratified enclosure (discharge) experiments,
»‘the enclosure was isothermal along the z-direction with low
1 stratification in the y-direction. With increases angle of

lination from horizontal to (15°% 30° and 45°), the initial thermal

B Fcation increases. Dimensionless heat transfer coefficients are correlated

5, = CRa"?), for the four models (1, 2, 3 and 4) of heat exchanger at

30° and 45°). The Nusselt number increased

inclination angles until angle of (45°) at which it has the maximum

" alue. The Nusselt number has maximum value in case of the (model-2 and 3)

.,F'[ﬁn tube and perforated fins tube with two perforated] due to increased area

" ofheat transfer. But with ‘nerease the numbers of perforations to four (model-

4) the Nusselt number decreases due to the decreased area of heat transfer. It

is found that the results of experimental work agree well with results of a

prior work.

The numerical

Oy, :.
meles of inclination o, 155

simulation shows that the behavior of the temperature
distribution in the enclosure is the same for the experimental work. The
maximum velocity and the maximum difference in water temperature outside
the sinking cool plume increase with the angle of inclination increase. The
applied ccnstant heat flux on the top face of enclosure 960 W/m® leads to
increase the maximum difference in water temperature outside the sinking

cool plume, and increase the maximum velocity.
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