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ABSTRACT

An experimental investigation of natural convection heat transfer in heated vertical pipes dissipating
heat from the internal surface is presented. The pipes are open-ended and circular in cross section.
The test section is electrically heated imposing the circumferentially and axially constant wall heat
flux. The purpose of this work is to study experimentally the natural convection pipe flows at different
heating levels. The test section is a vertical, open-ended cylindrical pipe dissipating heat from the
internal surface. The test section is electrically heated imposing the circumferentially and axially
constant wall heat flux. Heat transfer experiment is carried out for four different channels of 45mm
internal diameter and 3.8mm thickness with length 450 mm. Ratios of length to diameter of the
channel is taken as L/D = 10. Wall heat fluxes are maintained at g = 250 to 3341 W/m?. A systematic
experimental database for the local steady state natural convection heat transfer behaviour is obtained.
A correlation is developed for average Nusselt number and modified Rayleigh number and another
correlation is also developed for modified Rayleigh number and modified Reynolds number.
Keywords- Heat flux, heat transfer, natural convection, ring spacing, ring thickness

I. Introduction

Natural convection heat transfer has been a reliable, cost-effective cooling method for the fast
growing electronic industry where hundreds of thermal connection modules are accommodated on a
small base. As the density of these heat producing modules increases day by day, for more
compactness, the heat released should be transferred from the surface not only to protect them but
also for longer life. There is often the need to cool the internal surfaces of vertical open-ended ducts
by natural convection, despite the low rates of heat transfer that this convection process affords. Thus
information on the behaviour of natural convection flow through confined spaces has been found
useful especially in the thermal fluid systems encountered in the diverse fields of nuclear and solar
energy. Due to its importance, the natural convection problem has received increasing attention in the
literature in recent years. At present, flow of gaseous heat carriers in vertical channels with natural
convection is widely encountered in science and engineering. For example, in domestic convectors,
cooling systems of radio electronic and electrical equipment, nuclear reactors with passive cooling
systems, dry cooling towers, ground thermo siphons, etc. The purpose of this work is to study
experimentally the natural convection pipe flows at different heating levels. The test section is a
vertical, open-ended cylindrical pipe dissipating heat from the internal surface. The test section is
electrically heated imposing the circumferentially and axially constant wall heat flux. As a result of
the heat transfer to air from the internal surface of the pipe, the temperature of the air increases. The
resulting density non-uniformity causes the air in the pipe to rise. Heat transfer experiment is carried
out for channel of 45mm internal diameter and 3.8mm thickness with length 450 mm. Ratios of length
to diameter of the channel is taken as L/D = 10, Wall heat fluxes are maintained at g’ = 250 to 3341
W/m?. Although extensive work has been done on the study of natural convection hydrodynamics
and heat exchange in vertical open-ended channels without intensifiers, but the works on internal
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heat transfer with presence of intensifiers are not adequate in literature. Investigations are still going
on to determine the effects of various parameters on hydrodynamics and heat transfer coefficients.
Mallik and Sastri [1] studied experimentally the natural convection heat transfer over an array of
staggered discrete vertical plates and found that the use of discrete vertical plates in lieu of continuous
plates gives rise to enhancement of natural convection heat transfer. The highest local heat transfer
values are encountered at the leading edge and least at the trailing edge of each plate for a particular
temperature level and spacing. The highest value corresponds to the thinnest thermal boundary layer
and as the thermal boundary layer starts growing from the leading edge of each plate, the heat transfer
values starts decreasing and reach a minimum at the trailing edge. Had the plates been continuous,
there would have been decrease in the heat transfer values continuously along the height of the vertical
plate for same input conditions. They also found that the heat transfer quantities at the leading edge
of the top plate are more than that at the trailing edge but less than that at the leading edge of the
bottom plate. Degree of enhancement increases with increase in spacing. Sparrow and Prakash [2],
and Prakash and Sparrow [3] have analyzed the free convection from a staggered array of discrete
vertical plates. They compared the performance of a staggered array of discrete vertical plates with
that of a parallel flat channel, considering the wall at uniform temperature. Their results indicated that
larger spacing, shorter plate and smaller heights of the channels provide enhancement of heat transfer.
Anug et al. [4] attempted to derive a general expression to account for the effect of flow restriction,
while still considering the governing equation to be parabolic. Flow restrictions encountered in
Aung’s study are in the form of staggered cards and baffles. Capobianchi and Aziz [5] analyzed
natural convective flows over vertical surfaces and found that the local Nusselt number is an implicit
function of the Biot number characterizing the convective heating on the backside of the plate. The
order of magnitude of the local Nusselt number was therefore evaluated numerically for three values
each of the Boussinesq, Prandtl, and Biot number. Jha and Ajibade [6] found that the amplitudes and
phases of temperature and velocity as well as the rate of heat transfer and the skin-friction on the
plates. In presence of viscous dissipation, fluids of relatively small Prandtl number has higher
temperature than the channel plates and as such, heat is being transferred from the fluid to the plate.
For air in free convection on a vertical flat late, the critical Grashof number has been observed by

Eckert and Soehngen [7] to be approximately 4x10°. Values ranging between 10® and 10° are
observed for different fluids and environment. Nayak et al. [8-20] offered heat flow possessions inside
perpendicular pipes. The enhancement of heat transfer in a vertical pipe is presented, possibly due to
the installation of internal barriers; in their work, rectangular rings were taken as internal barriers.
They presented some innovative methods towards sustainability.

2. Experimental set-up and procedure

Fig. 1, shows the overall experimental set-up, which consists of the entire apparatus and the main
instruments. The experimental set-up consists of a test section, an electrical circuit of heating and a
measuring system. The test section is a cylindrical tube. In this study a hollow tube is made of
aluminium which is 45mm in diameter and 3.8mm thick. Nine Copper-Constantan thermocouples are
fixed to monitor temperatures on the internal surface at various locations as shown in the figure. Holes
of 0.8 mm diameter are drilled at these locations for inserting the thermocouples.

After inserting the thermocouple beads, the holes are filled with aluminium powder for getting good
thermal contact with the tube. Then the opening of the thermocouple wells is closed by punching with
a dot punch. Epoxy is used for sealing the opening of the thermocouple wells and for holding the
thermocouples in position. Wall temperatures at different locations are found out from the
millivoltmeter readings to which thermocouples are connected. The fluid temperatures at the channel
exit and entrance are found out at various radial distances by two traversing type thermocouples
provided at the top and bottom of the channel respectively. The electric power input to the test section
is determined from the measured voltage drop across the test section and the current along the test
section.
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Fig. 1. Experimental Set-up

1. Test section, 2. System of thermocouples, 3. Selector switch, 4.
Millivoltmeter, 5. Thermometer, 6. Ammeter, 7 & 9. Volt meter, 8.
Variac, 10. Transformer, 11. Traversing type thermocouples

3. Results and discussion

Typical axial variations of local wall temperatures for L/D ratio 10 and for various heat fluxes are
shown in plotted in fig. 2 for smooth tubes. It increases along the height of the cylinder, which is in
accordance with the theoretical predictions done by various investigators. But it slightly decreases
towards the end, which may be due to the heat rejection from the end of the tubes. Fig. 3 shows the
relationships between the experimentally obtained average Nusselt number and modified Rayleigh
number, which is plotted with log-log scale. This correction for laminar natural convection in smooth
vertical tubes can be expressed as:

Nu =0.33x(Ra’)"™
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Fig. 2. Variations of local wall
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Fig. 3. Variations of local wall

CONCLUSIONS

The natural convection heat transfer in a vertical pipe has been studied experimentally, for smooth
tube. The effects of channel length, imposed wall heat flux on the characteristics of natural convection
heat transfer are examined in detail. The following conclusions can be drawn from the present
investigation.

(. Average heat transfer rate from the internal surfaces of a heated vertical pipe increases along
the direction of heat flow.

(ii).  Average heat transfer rate increases with increasing the length of the tube up to a certain
limits, beyond which it decreases.

(iii).  Acorrelation between average Nusselt number and modified Rayleigh number was found as:
Nu = 0.33 x (Ra*)%%, which can predict the data accurately within + 5% error.

@2024, IJETMS | Impact Factor Value: 5.672 | Page 139



Ly s
\

International Journal of Engineering Technology and Management Sciences

Website: ijetms.in Issue: 2 Volume No.8 March - April — 2024
DOI:10.46647/ijetms.2024.v08i02.018 ISSN: 2581-4621
References
1. S.K. Malik, and Sastri, V. M. K., Experimental investigation of natural convection heat

transfer over an array of staggered discrete vertical plates, Journal of Energy Heat and Mass transfer,
Vol. 18, 1996, 127-133.

2. E. M.Sparrow, and Prakash, Enhancement of natural convection heat transfer by a staggered
array of discrete vertical plates, ASME Journal of Heat Transfer, Vol. 102, 1980, 215-220.

3. C.Prakash, and Sparrow, E. M., Performance evaluation for discrete (in-line or staggered) and
continuous-plate arrays, Number. Heat Transfer, VVol. 3, 1980, 89-106.

4. W.Aung, Beitin, K. E. and J. J Kessler, Natural convection cooling of electronic cabinets
containing arrays of vertical circuit cards, ASME Paper N0.30,1972, November.

5. M. Capobianchi, A. Aziz* , A scale analysis for natural convective flows over vertical

surfaces , International Journal of Thermal Sciences, International Journal of Thermal Sciences 54
(2012) 82-88.

6. Basant K. Jha, Abiodun O. Ajibade , Effect of viscous dissipation on natural convection flow
between vertical parallel plates with time-periodic boundary conditions , Commun Nonlinear Sci
Numer Simulat 17 (2012) 1576-1587..

7. Eckert, E.R. G., and Soegngen, E., 1951, “Interferometric studies on the stability and
transition to turbulence of a free convection boundary layer,” Proc. Gen. Discuss, Heat Transfer
ASME-IME, London.

8. Technology to Develop a Smokeless Stove for Sustainable Future of Rural Women and also
to Develop a Green Environment, Nayak, R.C., Roul, M.K. Journal of The Institution of Engineers
(India): Series A, 2022, 103(1), pp. 97-104.

9. An attachment with the hand pump to lift water without any external source, Majhi, A., Das,
A., panda, S., Chandra Nayak, R., kumar Dash, S.Materials Today: Proceedings, 2022, 62(P12), pp.
6755-6758.

10. Design and development of smokeless stove for a sustainable growth, Nayak, R.C., Roul,
M.K., Roul, P.D. Archives of Thermodynamics , 2022, 43(1), pp. 109-125.

11.  Validation of experimental results with theoretical by using ANSYS workbench on vertical
tube subjected to natural convection heat transfer without internal obstacles, Sahoo, A., Chandra
Nayak, R., Senapati, A.K., Roul, M.K. Materials Today: Proceedings, 2022, 52, pp. 1348-1353.

12. Innovative Methods to Enhance Irrigation in Rural Areas for Cultivation Purpose, Nayak,
R.C., Roul, M.K,, Sarangi, S.K. Journal of The Institution of Engineers (India): Series A, 2021,
102(4), pp. 1045-1051.

13. Mechanical Concept on Design and Development of Irrigation System to Help Rural Farmers
for Their Agriculture Purpose during Unavailability of External Power, Nayak, R.C., Roul, M.K.,
Sarangi, A., Sarangi, A., Sahoo, A. IOP Conference Series: Materials Science and Engineering, 2021,
1059(1), 012048.

14. Enhancement of Natural Convection Inside Vertical Tubes Using Internal Obstacles as Rings
with Different Arrangements, Nayak, R.C., Roul, M.K., Sarangi, S.K., ...Sarangi, A., Sarangi, A.
Lecture Notes in Mechanical Engineering, 2021, 52, pp. 191-201.

15. Forced Draft and Superheated Steam for Design and Development of Community Smoke Less
Chulha to Help Women in Rural Areas, Nayak, R.C., Roul, M.K., Sarangi, S.K., Sarangi, A., Sarangi,
A. Lecture Notes in Mechanical Engineering, 2021, pp. 93-102.

16. Natural convection heat transfer in heated vertical tubes with internal rings, Nayak, R.C.,
Roul, M.K., Sarangi, S.K., Archives of Thermodynamics, 2018, 39(4), pp. 85-111.

17. Experimental investigation of natural convection heat transfer in heated vertical tubes with
discrete rings, Nayak, R.C., Roul, M.K., Sarangi, S.K. Experimental Techniques, 2017, 41(6), pp.
585-603.

18. Nayak R.C., Roul M.K., Sarangi S.K.:Experimental Investigation of Natural Convection Heat
Transfer in Heated Vertical Tubes. International Journal of Applied Engineering Research, Vol. 12
(2017)2538-2550

@2024, IJETMS | Impact Factor Value: 5.672 | Page 140



2 International Journal of Engineering Technology and Management Sciences
A0S, Website: ijetms.in Issue: 2 Volume No.8 March - April — 2024
3 DOI1:10.46647/ijetms.2024.v08i02.018 ISSN: 2581-4621

19. Fidvi, H., Ghutke, P.C., Gondane, S.M., Kulkarni, M.V., Nayak, R.C., Padhi, D. Advanced
smokeless stove towards green environment and for sustainable development of rural women (2023)
E3S Web of Conferences, 455, art. no. 02017,

20. Nayak, R.C., Samal, C., Roul, M.K., Padhi, P. A New Irrigation System Without Any External
Sources (2023) Journal of The Institution of Engineers (India): SeriesA,104(2),pp.281-289.

@2024, IJETMS | Impact Factor Value: 5.672 | Page 141



