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ABSTRACT

This work is analyzing the control of natural convective heat transfer from
a horizontal circular cylinder using low conductivity radial baffles. The
influence of the systems parameters on the average Nusselt number is

presented.
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1. Introduction

The management of heat transfer from a pipe
([9], [14], [15]) or, generally, from a cylinder
([1], 8], [16], [18], [19], [22]) is a subject of
intense study due to its application in various
fields such as. environment protection, oil
industry, heat exchangers, refrigerators, etc.

The way of treating the subject varies
according to the simplification that the
researchers can do to the real problem: the
cylinder can have a horizontal or vertical
orientation, it can be surrounded by a fluid or
it can be embedded in a porous media; it can
have a solid or a permeable wall; sometimes,
it is desired to enhance the heat transfer from
the cylinder while sometimes, on the contrary,
itis desired to decrease that heat transfer.

One way to manage the heat transfer
from a cylinder implies the internal ([10],
[12], [21]), or external fins, permeable, ([4],
[7]) or low conductivity baffles ([2], [3], [5],
[6], [13]) in natural, forced or mixed
convection situations. It was proved
numerically that the low conductivity baffles
decrease the loss of heat from a cylinder,
while the high conductivity permeable fins
increase the heat transfer from a cylinder.

This paper is analyzing the management
of heat transfer from a horizontal circular
cylinder with a constant heat flux at its
surface, with low conductivity baffles, for the
case of natural convection. The problem has
not only a theoretical interest ([11], [19],
[20]) but also a practical one.

2. Mathematical model

The mathematical model has as point of start

the work of Abu-Hijleh regarding the natural
convection from a horizontal cylinder (Fig.
la) with exterior low conductivity baffles
uniformly spaced on the periphery af a
constant temperature cylinder and without
thickness [2]. No baffles were considered at
j =0 and j =p locations. The fluid considered
was air. Due to symmetry, only half of the
domain will be analyzed (Fig. 1a).
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Fig. 1. Dimensionless (a) and computation
domain (b) for a horizontal cylinder with
external baffles.
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The governing equations for the fluid
(1, 3), in the cylindrical coordinate system
defined by Fig. 1a, in dimensionless form, in
the vorticity — potential function formulation,
are [8]:
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where the potential function, y, is defined

through the following two definitions: U=1/R

iy /1Yj and V=-1y /MR, while the vorticity, w,

is defined as w=-(1/R)TU/Tj +(L/R)T(RV)/ TR.

The boundary conditions used are:

- at the cylinder surface: no slip and no
penetration conditions imply
y =Ty /MR=0, while the constant heat flux

condition requires 7q/TR=-1;

- at infinity: if V<0 (the inflow region), then
g=0 else (the outflow region) fqg/TR=0; the
velocity condition, qV/TR=0, imposes
T /1R* =0;

- on the symmetry plane: the symmetry of
velocity and temperature fields demands
y =w=1fq/fj =0;

- on the baffle surface: y=0 while the
temperature is the average of the radial
neighbor points temperature.

Only a non-uniform grid (Fig. 1a) could
capture the thermal phenomena that are taking
place especially in the vicinity of the cylinder
and baffles surfaces but such a grid would
complicate the programming and the
computation procedures. Abu-Hijleh [2]
suggested a coordinate transformation: R=e;
j =px that generates a uniform grid in the
computation domain (Fig. 1b) and the new
form of the governing equations:
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The new boundary conditions are:
at the cylinder surface: y=1y/{x=0,
fa/x=-p;
at infinity: if V<0 then =0, else
Ta/1x=0; T% /fx*=0;
on the symmetry plane:

y =w=1fq/f =0;

on the baffle surface: y=0 while the

temperature is the average of the radial

neighbor points temperature.

In order to solve the governing equations
(4,6), find the temperature, velocity and
stream function fields (and consequently, the
velocity field) and establish the heat transfer
magnitude through the Nusselt number, a
numerical code was built. The numerical
method used for solving the governing
equations was the finite differences method.
The grid had 241" 300 points in the h and x
direction, respectively (Fig. 1b).

An iterative process solved the system of
equations where the false transient term was

discretized using a time step Dt =10° while
the “Alternating Direction Implicit” method
was used in the hybrid scheme. The iterative
process stopped when the maximum relative
error for temperature and the potential
function fields was smaller than 102

3. Results and discussions

Figure 2a presents the isotherms and
the Fig. 2b presents the streamlines for the
case of three equally spaced baffles of height
H =1.0 for a Rayleigh number of 10°. For the
same conditions, Fig. 2c presents the surface
temperature variation for two cases: with
baffles and without baffles.
The three baffles obstruct the convection
currents as Fig. 2b presents. We can notice,
between baffles, “air pockets” that are
blocking the heat transfer from the cylinder to
the surrounding. Further, analyzing Fig. 2c,
higher temperature values are noticed in the
baffle vicinity and on the cylinder surface in
the case of the three exterior baffles.

Consequently, we can deduce that, for a
Rayleigh number of 10° the presence of the
three baffles will determine smaller values of
the average Nusselt number. This anticipated
result will be presented and discussed later in
this section (Fig. 4 and Fig. 5).
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Fig. 2. Isotherms (a), streamlines (b) and
surface temperature variation (c) for

Rap=10°, N=3 and H=1.

Figure 3 presents the isotherms (Fig. 3a), the
streamlines (Fig. 3b) and the cylinder surface
temperature (Fig. 3c) for the natural
convection around a circular cylinder with
three exterior, uniformly distributed, low
conductivity baffles of height H=1.0 and for a
Rayleigh number of 10°.
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Fig. 3. Isotherms (a), streamlines (b) and
surface temperature variation (c) for

Rap=10% N=3 and H=1.

For Rap=10° case, the boundary layer is
thicker and it is "energized" [2] by the
exterior baffles that enhance the heat transfer
from the cylinder to the fluid. Consequently,
smaller values of cylinder surface temperature
(Fig. 3c) and higher Nusselt numbers (Fig. 4
and Fig. 5) are registered.

Figure 4 presents the average Nusselt nhumber
variation as a function of baffle height for two
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values of Rayleigh number: 10° and 10°. As
we can notice, increasing the baffle height,

the supression of convection currents
increases.
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Fig. 4. The ratio of the average Nusselt
number with/without baffles variation as a
function of baffles height for three exterior
equally spaced baffles.

0.6

Fig. 5. The ratio of the average Nusselt
number with/without baffles variation as a
function baffles number. The baffles height
H=1.0.

Figure 4 presents the average Nusselt number
variation as a function of the number of
baffles of height, H=1.0, for the same two
values of Rayleigh number. If a clear
tendency to decrease when the number of
baffles increases was noticed for Ra, =10°
case, this tendency is not well defined for
Ra, =10° case.

Figure 4 and Fig. 5 show that we can
modify the heat transfer from a horizontal
cylinder with low conductivity equally spaced
exterior baffles in the situation when the
exterior surface of the cylinder is subjected to
a constant heat flux changing the baffles
number and height.
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Further studies should be done to
examine the possibility to manage the heat
transfer from a cylinder with a constant heat
flux surface using high conductivity
permeable exterior fins.

4. Conclusions

- A numerical model for the natural
convection over a horizontal cylinder with a
constant heat flux and equally spaced exterior
low conductivity baffles was constructed
using the finite differences method.

- The numerical code developed by the
author was validated for the case of a
horizontal cylinder with a constant
temperature surface.

- The boundary condition was modified for
the constant heat flux surface case. An
analysis of the temperature and velocity fields
was realized.

- The variation of the average Nusselt
number as a function of baffles number and
height was presented for two values of
Rayleigh number: 10% and 10°. These results
indicate the possibility to influence the
natural convective heat transfer from a
horizontal circular cylinder with a constant
heat flux at its surface and equally spaced
exterior low conductivity baffles changing the
baffles number and height.

NOMENCLATURE

D- cylinder diameter, m
Gr - Grashof number, Gr = Ra, / Pr
h - convective heat transfer coefficient, W.m2.K?
hy, — baffle height, m
H - dimensionless baffle height, H = h, /1,
k - fluid therma conductivity, W.m™.K™*
N — number of exterior equally spaced baffles
Nu - local Nussalt number with baffles,
Nu =hD/k

Nu - average Nusselt number with baffles,
_ p
Nu = 1 ONudj
Po

NuO - locd Nussalt number without baffles,
NuO =hD /k
NuO - average Nusselt number without baffles,
p
Nu0 = 1 ONuOdj
Po
Pr - Prandtl number, Pr =n/a
q - constant surface heat flux, W.m?
r —radius, m
ro - exterior cylinder radius, m
rins - radius defining the boundary domain, m
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R - dimensionlessradius, R=r/r,

Rint - dimensionless radius defining the boundary
domain, R =r,, /1,

Ra - Rayleigh number based on cylinder radius,
Ra = gbr2qD /(kan)

Rap - Rayleigh number based on cylinder

diameter, Ra = gbgD*(kan)

T —fluid temperature, K

u - radial velocity, ms*

U - dimensionless radial velocity, U =ury/a

v - tangential velocity, m.s*

V - dimensionless tangential velocity,
V=vr,/a

X —horizonta axis

Y —vertica axis

Greek symbols

a —fluid thermal diffusivity, mf.s*

b - coefficient of thermal expansion

Xinf - dimensi onless radius defining the boundary
domain, R, =e™

h- calculation coordinate, g=ph

g - dimensionless temperature,
q=(T- T,)/(aD/k)

n - kinematic viscosity, n?.s*

X - calculation coordinate, R =e™

j -angle

y - dimensionless stream function

w - the dimensionless vorticity

REFERENCES

[1] Abu-Hijleh B.A/K., Abu-Qudais, Nada
E.A., Entropy generation due to Laminar Natural
Convection from a Horizontal Isothermal Cylinder,

Transactions of the ASME. Journal of Heat Transfer 120
(1998) 1089-1090.

[2] Abu-Hijleh B.A/K., Natural Convection
Heat Transfer and Entropy Generation From a
Horizontal Cylinder With Baffles, Transactions of the
ASME. Journal of Heat Transfer 122 (2000) 679-692.

[3] Abu-Hijleh B.A/K., Mixed Convection
From a Cylinder With Low Conductivity Baffles in
Cross-Flow, Transactions of the ASME. Journal of Heat
Transfer 124 (2002) 1064-1071.

[4] Abu-Hijleh B.A/K., Natural Convection
Heat Transfer From a Cylinder With High Conductivity
Permeable Fins, Transactions of the ASME. Journal of
Heat Transfer 125 (2003) 282-288.

[5] Abu-Hijleh B.A/K., Optimized use of
baffles for reduced natural convection heat transfer
from a horizontal cylinder, International Journal of
Thermal Sciences 42 (2003) 1061-1071.

[6] Abu-Hijleh B.A/K., Numerical simulation
of forced convection heat transfer from a cylinder with
high conductivity radial finsin cross flow, International
Journal of Thermal Sciences 42 (2003) 741-748.

59

THE ANNALS OF ‘DUNAREA DE JOS” UNIVERSITY OF GALATI

[7] Abu-Hijleh B.A/K., Enhanced Forced
Convection Heat Transfer From a Cylinder Using
Permeable Fins, Transactions of the ASME. Journal of
Heat Transfer 125 (2003) 804-811.

[8] Abu-Nada E., Al-Sarkhi A., Ashhab M.,
Akash B., The effect of suction boundary condition on

the local and average Nusselt numbers for a free
convection flow regime, Int. Comm. Heat Mass
Transfer, Vol. 30, No. 3 (2003) 423-433.

[9] AI-Nimr  M.A., Abu-Hijlen B.A.,

Validation of the thermal equilibrium assumption in the
transient conjugated forced convection channel flow,
Heat and Mass Transfer 37 (2001) 511-518.

[10]  Al-sarkhi A, Abu-Nada E.,
Characteristics of forced convection heat transfer in
vertical internally finned tube, Int. Comm. in Heat and
Mass Transfer 32 (2005) 557-564.

[11] Bharti R.P., Chhabra R.P., Eswaran V.,
A numerical study of the steady forced convection heat
transfer from an unconfined circular cylinder, Heat and
Mass Transfer 43 (2007) 639-648.

[12] campo A., Chang J., Correlation
equations for friction factors and convective
coefficients in tubes containing bundles of internal,
longitudinal fins, Heat and Mass Transfer 33 (1997)
225-232.

[13] campo A., Cortés C., Substantial
reduction of the heat losses to ambient air by natural
convection from horizontal in-tube flows: impact of an
axial bundles of passive baffles, Heat and Mass Transfer
36 (2000) 361-369.

[14] Khadrawi A.F., Al-Nimr M.A., A
perturbation technique to solve conjugated heat transfer
problems in circular ducts, Heat and Mass Transfer 39
(2003) 125-130.

[15] Kiwan S.M., Al-Nimr M.A., Analytical
solution for conjugated heat transfer in pipes and ducts,
Heat and Mass Transfer 38 (2002) 513-516.

[16] Kumari M., Jayanthi S., Non-Darcy non-
Newtonian free convection flow over a horizontal
cylinder in a saturated porous medium, Int. Comm. Heat
Mass Transfer, vol. 31, No. 8 (2004) 1219-1226.

[17] Mokheimer E. M.A., Heat transfer from
extended surfaces subject to variable heat transfer
coefficient, Heat and Mass Transfer 39 (2003) 131-138.

[18] Molla M.M., Hossain M.A., Paul M.C.,
Natural convection flow from an isothermal horizontal
circular cylinder in presence of heat generation,
International Journal of Engineering Science 44 (2006)
949-958.

[19] Nazar R., Amin N., Pop I., Mixed
convection boundary-layer flow from a horizontal
circular cylinder with a constant surface heat flux, Heat
and Mass Transfer 40 (2004) 219-227.

[20] saito K, Raghavan V., Gogos G.,
Numerical study of transient laminar natural convection
heat transfer over a sphere subjected to a constant heat
flux, Heat Mass Transfer 43 (2007) 923-933.

[21] sSyed K.S, Igbal M., Mir N.A,,
Convective heat transfer in the thermal entrance region
of finned double-pipe, Heat and Mass Transfer 43
(2007) 449-457.

[22] wong W.S., Rees D.A.S., Pop I., Forced
convection past a heated cylinder in a porous medium
using a thermal nonequilibrium model: finite Peclet
number effects, International Journal of Thermal
Sciences 43 (2004) 213-220.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

THE ANNALS OF ‘DUNAREA DE JOS” UNIVERSITY OF GALATI FASCICLE V

Controlul transferului de caldura prin convectie naturala
n jurul unui cilindru orizontal

Rezumat
Aceasta lucrare analizeaza controlul procesului de convectie naturala de la

un cilindru orizontal utilizand nervuri radiale cu conductivitate termica

redusia. Influenta parametrilor sistemului asupra numarului Nusselt mediu
este prezentata.

) Die Kontrolle der naturlichen convective
Hitze-Ubertragung von einer horizontalen kreisformigen Zylinder

Zusammenfassung
Diese Arbeit analysiert die Kontrolle der nattrlichen convective-Hitze-
Ubertragung von einem kreisformigen horizontalen Zylinder mit niedriger

Leitfahigkeit radiale Leitbleche. Der Einfluss der Systeme Parameter auf
die durchschnittliche Anzahl Nusselt wird.
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