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1. Introduction

Heat transfer is considered alone of the challenges in engineering. The adding of heat to a system
or the removing of heat from a system occurs in different ways, for example, removing of heat from
computer chips or optical devices, cooling of systems for power plants, Refrigerators, indoor
temperature control devices. The above heat transfer applications impact people's daily lives and
support on the carried out of new research in order to enhance their efficiency [1]. The mixed
convection phenomena take place when natural and forced convection mechanisms to act together.
The classic problems of mixed convection heat transfer in a cavity have received considerable interest
due to powerful relation to many practical's engineering utilization. A cavity model uses to simplify
for numerous heat transfer issues. Many researchers presented with experimental and numerical
investigation on various gaps for convection problems involving a rotating or stationary cylinder and
the current study semicircle cavity. Ridouane et al., [2] studied numerically heat transfer in an
isosceles triangular cavity. Rahman et al., [3] studied numerically the mixed convection flow inside
vented square with a heat conducting horizontal solid circular cylinder located at the center of cavity.
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Rahman et al., [4] performed numerically mixed convection in two dimensions on a rectangular
enclosure with heat source applied on the right vertical wall. Costa and Raimundo [5] studied the
square cavity with a rotary cylinder positioned at the center. Brito et al., [6] presented numerical
simulation of turbulent natural convection of air in a square enclosure with a localized heating source
on the center of the horizontal bottom surface. Alshara et al., [7] investigated numerically for the
effect of rotating horizontal single and multi cylinders on mixed convection heat transfer in an
equilateral triangular enclosure. Salem [8] introduced an experimental study of impact of inclination
angle on natural heat transfer in a rectangular cavity by uses the heat fluxes ranges (4 - 108 )w/m?,
Rayleigh number( 1.9 x10°-5x10°), inclination angles(15 - 75) and mass flow rates(0 —0.062) kg/sec it
can be shown that an improvement of Nussle number with increasing of the heat flux and the mass
flow rate and also with increasing the inclination angle. Liao and Lin [9] studied mixed and free
convection of a two-dimension square cavity that includes a stationary, or a rotating cylinder. Yasin
et al., [10] investigated experimentally a study for heat transfer inside a cavity. Safari et al., [11]
presented a numerical study of turbulent natural convection and laminar flow mixed convection of
air flow was solved in a room. The infinite volume method was utilized to resolve governing
differential equations for this flow. Karimi et al., [12] studied numerically the steady state mixed
convection a round two heated horizontal cylinders in a two-dimensional square cavity. Aithal et al.,
[13] simulated turbulent fluid flow and thermal characteristics of natural convection induced by
centrally located hot cylinder in cold square cavity numerically. Mohammed et al., [14] presented a
numeric simulation of mixed convection in rectangular duct containing a baffle mounted on the wall.
It has been demonstrated an improvement in the characteristics heat transfer with increasing the
baffle height. Kareem and Gao [15] investigated numerically the combined forced and natural
convection heat transfer in differentially heated three dimension obstructed cavity with a thermally
insulated rotating circular cylinder Reynolds numbers were varied from (5000-30000). Norhaliza et
al., [16] presented a numeric analysis with the existence of magnetic field for heat transfer in
rectangular enclosure. This studied demonstrated as the effect of Hartmann number increases, the
flow convection becomes weakened, and then the rate of heat transfer has reduced.

2. Experimental Setup

An experimental study was carried out in a semi-circle enclosure (30x15x75 cm) at Figure 1 shows
a schematically diagram of the cavity. The Figure 2 illustrates the diagram of the practical device.
Semi-circle container made of aluminum and based on a rectangular wooden box manufactured from
wood and containing the insulator layer. Teflon cylinder located at cavity's center which is connected
to an external motor to provide an angular velocity. An electrical heater was mounted on the bottom
surface of the test section to provide a constant heat flux and placed inside a wooden cover. The local
temperature of bottom wall of semicircle cavity was measured by collection of the thermocouple
type and control measure include AC digital ammeter ,VC digital voltmeter used to measure the input
voltage into heater ,Digital temperature gage used to convert the signal comes from thermocouples
collation into measurable signal, Power controller it's DC power supply is set up to be measure power
supply while variance is utilized as a secondary unit to ensure that input of electric power to heater
be control. The bottom wall of the enclosure is undergone to constant heat flux, while the rotating
cylinder located in the center of the cavity and external curved wall is exposed to the ambient
temperature. The values of inclination angles used in this study are @ (0°,90°) and the angular
velocities (62.8,83.73, 125.6) rad/s.
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2.1 Processing the Experimental Data

The measured value of net e.m.f by MultiMate between ice —bath and each thermocouple is
substituted into Eq. (1) in order to determine the temperature measured by that thermocouple.

4G (1)
0.041

Ti=
where local temperature along bottom wall, T,, voltage reading from Multimater, V, environmental
temperature, T, 0.041: constant. The average temperature of the heated surface of the bottom wall
can be computation as following in Eq. (2) where the value of hot wall temperature, Ts, and the
number of thermocouples installed in the hot wall, n .The angular speed of the roller is calculated as
follows in Eq. (3) where the revaluation per mint, N. The heat flux along the heated surface can be
calculated as [17] and the experimental cases the average Nusselt number in Eq. (4) where mean
temperature of fluid, T, the voltage, V, current, |, and heated surface area, A. The Rayleigh number
can be calculated as following in Eq. (5) where Gravitation acceleration, g, rate of change in of density
with respect to the change in temperature, 8, Hydraulic diameter, Dn, thermal conductivity, Kk,
Thermal diffusivity of fluid, a, and the kinematic viscosity, vu.

Ts = = (2)

0= 3)

Nugy = 1 @)

Ra = 9040 (5)
kva
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Fig. 1. Schematic diagram of cavity

These are properties from [18] and calculated from Eq. (6) at heat flux 290W/m? corresponding
Rayleigh number 2.9*108 (Table 1).

Table 1

Properties of fluid at heat flux 290W/m?
Properties Value(unit)

k 0.0278 (W/m.k)

a 0.2537*10 (m?/s)

v 17.80*10° (m?/s)

R 0.0031(1/k)
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Ts—T
Toro= = (6)

These are properties from [18] and calculated from Eq. (6) at heat flux 540W/m? corresponding
Rayleigh number 5*108 (Table 2).

Table 2

Properties of fluid at heat flux 540W/m?
Properties Value(unit)

k 0.0293 (W/m.K)

a 0.028448*10"* (m?/s)

v 19.84*10° (m?/s)

R 0.00293(1/K)
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Fig. 2. Schematic of apparatus (transverse section)
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1) Fixing rod

2) Woodenportion

3) Aluminum enclosure

4) Teflon wall

5) Bottom wall

6) Thick plate

7) Thermocouple for curved walls
8) Heater

9) Ceramic fiber insulation

10) Reinforced thermal cork

11) Wooden chamber

12) Wooden board for inclination

3. Results and Discussion

The local Nusselt along the cavity of the lower wall has been used to help examining the
experimental performance. The experimental results examined two values heat flux and angular
velocity to show the effect of inclination angle.

3.1 The Effect of Angular Velocity on Local Temperature

Shows The effect of angular velocity for the solid cylinder on the temperature variation along the
lower wall. Also, the figure shows the examined value of Rayleigh (2.9*108) which corresponding to
heat flux g=290w/m? with a constant inclination angles and different angular velocity w=62.8, 83.73,
125.6.From Figure 3 we can notice that at the inclination angle @=0° (horizontal situation) the
temperature of the surface is high, and the distribution of the temperature along the cross-section
of the hot surface it is observed with a little rising in the area under the rotary cylinder .The reason
of this increasing is the resistance of heat transfer in the tight area under the cylinder. At #=90°
(vertical situation) it is clearly observed that the temperature of the surface is lower compared with
the horizontal situation. The reason behind that the impact of forced convection on the hot wall.
Increasing heat flux =540 w/m? for Rayleigh number Ra=5*102 with various angular velocity 62.8,
83.73,125.6 rad/s, at constant inclination angle @=0° it is important to observe the trend of
temperature curves starts increasing, and then shows maximum peak at the distance x=0.175m. The
regular curves for a temperature along the heated surface of the cavity can be clearly observed a at
constants inclination angle @=90°.
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Fig. 3. Temperature distribution along bottom wall at heat flux =290 w/m? and 540 w/m? with different
w and @¢=0°, 90°

3.2 Nusselt Number

The variations of local Nusselt number are sketching along the heated lower wall for various
inclination angles and angular velocities. Figure 4 shows the variation of experimental local Nusselt
number with various angular velocities w= 62.8, 83.73,125.6 rad/s at heat flux (qg=290w/m?) with a
constant inclination angle (0°,90°). It is observed that at inclination angle 0° the increasing of angular
velocity leads to increase Nu. Also, Figure 4 shows the values of Nusselt number at the left side below
the surface are higher than the values at right side, this is because of the buoyancy effect at the left
side which is opposing to the air rotation motion and vice versa at the right side. Regarding @ = 90°,
it is observed at higher angular velocity, the Nusselt number is decreased at x=0.15 m which in turn
decreasing the effect of forced convection in this area. Also, Figure 4 shows the impact of increasing
heat flux to 540 w/m? with angular velocity 62.8,83.73,125.6 rad/s in $=90°,In addition, it shows a
lower peak of the curves of Nu which occurs in the middle point of the heated surface in the area
under the rotating cylinder due to flow resistance. For heat flux 540 w/m? with inclination angle @=0°,
it can be observed the increasing Nusselt number with increasing angular velocity due to dominant
of forced convection.
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Fig. 4. Variation local of Nusselt number along the bottom wall at heat flux g=290 w/m? and 540
w/m? with different w and ¢=0,90

Figure 5 shows g=290 w/m ?and w=62.8,83.73 rad/s which presents the variation of local Nusselt
number at inclination angle for two cases @=90° the maximum summit for two curves local Nusselt
number take place at two-points of distance (x=0.1,x=0.2)m. reducing the values of Nusselt in the
near middle of the heated surface due to increasing the resistance of convection heat transfer in this
area. Due to increasing angular velocity w=125.6rad/s for @= 90°, then the values of Nusselt number
decreasing the middle point, due to the change in the direction of buoyancy with the direction of the
flow air. At heat flux g=540 w/m? and angular velocity=62.8,83.73,125.6 rad/s with inclination angles
0°,90° in Figure 5 illustrates the trend of the curves of local Nusselt number along the lower wall
which decreasing at the middle surface, because of the increasing of convection heat transfer
resistance at the end of the heated surface. At heat flux 540 w/m? and angular velocity 125.6 rad/s,
the figure shows the maximum peak takes place at distance of x=0.2m, and the difference in the
distribution of Nusselt on both sides of the hot surface due to the difference in the direction of the
buoyancy with the direction of air movement inside the cavity.
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Fig. 5. Variation of local Nusselt number along the bottom wall at heat flux g=290 w/m?
and 540 w/m %with different ¢ and w=62.8,83.73,125

3.3. The influence of inclination angle on local temperature

Figure 6 shows the variation of local temperature distribution at the lower wall for two inclination
angles at heat flux q=290 w/m? and angular velocities 62.8,83.73,125.6 rad/s respectively. As
observed results, for inclination angle 0° the minimum value of temperature has occurred at
x=0.125m with the perform of two angular velocity w=62.8,83.73 rad/s. At the angular velocity 125.6
the maximum value temperature has been occurred at x= 0.18 for the inclination angle 0°. A
maximum value of temperature occurs at midpoint, while, its minimum value of temperature occurs
in the edge near the curved wall at angular velocity equal 62.8,83.73 rad/s when @=90°. For the heat
flux =540 w/m? and w = 62.8 rad/s as in Figure 3 it is observed the local temperature distributions
for inclination angles 0°, 90°thecurves will approach from each other. Also, shows the peak at a
distance of x=0.15. If the angular velocity is 125.6 rad/s, then, the values of local temperature for
inclination angle 0° is higher than the inclination angle 90°, and it shows that the maximum value of
the temperature has occurred at a distance x=0.15m, because of the influence of location for solid
cylinder.
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Fig. 6. Temperature distribution along bottom wall at heat flux 290w/m?and
540w/m?with different @ and w=62.8,83.73,125.6 rad/s

4. Conclusions

An experimental study of turbulent mixed convection heat Transfer of semi-circle cavity that
contains a rotating cylinder has been completed at different rotational speeds, and inclination angle
at horizontal and vertical. The present outcomes have displayed heat transfer enhancement in the

enclosure can be summarized in below
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i. The heat transfer and fluid flow fields has increase with increasing of the rotational speeds
which promotes local Nusselt number at the high values of the angular velocity and high
Reynold's numbers

ii. Itis observed that the maximum average Nusselt number occurred at angle 90°.Because of
increasing the heat transfer rate occurs at increment the inclination angle.

iii. For both heat flux 290 and 540W/m? and angular velocity equals to 62.8 rad/s the situation is
better which increases the heat transfer by the mixed convection of the cavity is the
inclination angle @=30"and 90".While the high angular velocity of (83.73 rad/s and 125.6 rad/s)
for both heat flux values where the most appropriate position for increasing heat transfer is
with a tilt angle of 90°.
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