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. The height of the fins, h, varies from 0.015 to 0.953. The effect of the fins height on the fluid pattern and the heat transfer is studied for Rayleigh numbers between Ra = 1000 and Ra = 3500. The results show that according to the height of the fins, the heat transfer is increased or decreased.

Introduction

Natural convection heat transfer in finned cavities is a problem of great importance both fundamentally and industrially. Applications include cooling of electronic equipment, solar collectors and nuclear engineering.

During the last years, a large number of experimental and numerical researches have been devoted to study the heat transfer in cavities containing fins/blocks mounted on the differentially heated walls. A. Idrissi et al. [START_REF] Idrissi | Heat transfer in annular space containing heating blocks with moderate heights multicellular flows[END_REF] conducted a study on moderate values of the height of two blocks in a higher position, 𝜑m = 0.82π, for a range of Rayleigh numbers from 10 3 to 10 4 . A critical Rayleigh number was determined characterizing the appearance of multicellular regime, where the heat transfer rate is greater than that of the unicellular regime obtained without block. Chai and Patankar [START_REF] Chai | Laminar natural convection in internally finned horizontal annuli[END_REF] carried out a numerical analysis of laminar natural convection in finned horizontal annuli of dimensionless height ranging from 0.2 to 0.7. The results concerning the velocity vectors, the streamlines and the isotherms were presented. Two fin orientations were selected and the effects of the Rayleigh number and the fin height on the Nusselt number were presented. It has been found that increasing the height of the fins leads to a decrease in the average Nusselt number. Farinas et al. [START_REF] Farinas | Study of heat transfer in a horizontal cylinder with fins[END_REF] studied the effect of the fins with height equal to 0.25, 0.5 and 0.75, on fluid flow, temperature distribution and heat transfer.

The results showed that, increasing the length of the fins leads to an increase in heat transfer; on the other hand, the efficiency reduces when the Rayleigh number increases.

The objective of the present work is to study numerically the heat transfer and the flow patterns in a differentially heated annular cavity, provided with two very thin fins of height varying from 0.015 to 0.953 for the Rayleigh numbers characterizing the pseudoconvection ranging from 1000 to 3500, with the aim of controlling the increase/decrease of heat transfer in the cavity.

Mathematical Modeling

The mathematical modeling of the problem presented in Figure 1, is based on the principles of conservation of momentum, energy and mass. We complete the system obtained by introducing the boundary conditions on the hot and cold walls and on the boundaries of the fins. The fluid occupying the annular space is considered to be incompressible viscous, obeying the Boussinesq approximation. Ra and Pr are respectively the Rayleigh and Prandtl numbers, defined by:

Ra = βg(T i -T o )r i 3 να , Pr = ν α
The cylinder walls and the fins are assumed to be highly conducting, so that temperatures remain uniform along the cylinder walls and the fins.

The boundary conditions write:

-On the inner wall:

r = 1: ψ = 0, ∂ψ ∂r = 0, ∂ 2 ψ
∂r 2 +ω = 0, T = 1 ∀φ -On the outer wall:

r = R: ψ = 0, ∂ψ ∂r = 0, ∂ 2 ψ
∂r 2 +ω = 0, T = 0 ∀φ -On the border of isothermal fins:

1 ≤ r ≤ 1+h, φ = φ min and φ = φ max :

ψ = 0, ∂ψ ∂φ = 0, 1 r 2 ∂ 2 ψ ∂φ 2 + ω = 0, T = 1 r = 1+h, φ min ≤ φ ≤ φ max : ψ = 0, ∂ψ ∂r = 0, ∂ 2 ψ ∂r 2 + ω = 0, T = 1
It is furthermore considered that the problem is symmetrical. The symmetry conditions write: φ = 0 and φ = π: ψ = 0, ω = 0 and ∂T ∂φ = 0 ∀r

In these equations, the stream function is related to the radial and angular components of dimensionless velocity by the following relations:

u = 1 r ∂ψ ∂φ , v = - ∂ψ ∂r
The integration of the system (1-3) is based on the discretization of these equations by the centered finite difference method with the ADI scheme. This leads to solve tridiagonal matrix systems, using Thomas algorithm. The initialization of the calculations is carried out by the introduction of zero fields of the stream function and vorticity, and a pure conduction temperature field. The rate of heat transfer is characterized by the average Nusselt number defined by:

Nu ̅̅̅̅ = - R π ln R ∫ ∂T ∂r π 0 | r = R dφ

Results and Discussion

We are interested in this work in the study of the effect of the fins height on the flow pattern and heat transfer for Rayleigh numbers ranging from Ra = 1000 to Ra = 3500.

1000 ≤ Ra ≤ 2500

Figure 2 shows the streamlines and isotherms for the Rayleigh number 1000. For h ≤ 0.312, a unicellular regime, UCR, is established. By continuously increasing the height of the fins, we notice, from h = 0.328, the appearance of a small cell on the upper surface of the fin with a small size. This cell is gradually growing and tends to repel the dominant cell to occupy almost the entire upper space at h = 0.953. A bicellularbi-vortex regime, BBVR, is observed between heights 0.390 ≤ h ≤ 0.484. For heights 0.515 ≤ h ≤ 0.578, a bicellular-tri-vortex regime, BTVR, develops. At great heights before the establishment of the tri-cellular regime, TCR, we observe a four-cell regime FCR at h = 0.640. Similar flow regimes are observed for Ra = 2000 and Ra = 2500. Table 1 shows the different regimes that appear for different ranges of h. Figure 3 shows the variation of the efficiency as a function of h for the three Rayleigh numbers. The efficiency is defined by the ratio of the average Nusselt number with fins over the average Nusselt number without fins. For low h, the efficiency is almost equal to 1 for all three Rayleigh numbers. With the increase of h it decreases slightly for Ra = 2000 and Ra = 2500 then increases thereafter, whereas for Ra = 1000, it remains greater than 1 and than those of the other two Ra values.

The increase in h leads to an increase in heat transfer which is 2.24 times higher than the case without fins for Ra = 1000 and 2.07 times for Ra = 2500 at the longest height 0.953. For the range 3000 ≤ Ra ≤ 3500, three regimes appear: unicellular regime UCR, at h ≤ 0.187 for Ra = 3000 and at h ≤ 0.218 for Ra = 3500. A bicellular regime BCR, at 0.203 ≤ h ≤ 0.953 for Ra = 3000 and at 0.234 ≤ h ≤ 0.953 for Ra = 3500, and an intermittent bi-vortex regime BVR, characterized by two vortex interposed in the range 0.328 ≤ h ≤ 0.453 for Ra = 3000 and in 0.328 ≤ h ≤ 0.453 for Ra = 3500.

The variation of the efficiency in function of h for Ra equal to 3000 and 3500 indicates that the efficiency is almost equal to 1 for h = 0.015 (Figure 6). When increasing the fins height, the efficiency decreases and shows that the case without fins is the most optimal in heat transfer up to a limit value of h, equal to 0.187 for Ra = 3000 and 0.218 for Ra = 3500. Beyond these limits the efficiency increases with the increase of h. For Ra = 3000 the heat transfer is 1.12 times higher compared to the case without fins at h = 0.515 and 2.03 times at h = 0.953. For Ra = 3500 it is higher 1.13 times at h = 0.515 and 1.99 times at h = 0.953. 

CONCLUSION

Laminar natural convection in a cylindrical annular cavity with two thin fins was studied and led to the following conclusions:

1.

For 1000 ≤ Ra ≤ 2500: increasing the height of the fins leads to an increase in heat transfer. The efficiency for Ra = 1000 remains higher than 1 and that obtained for the other Ra values. Several flow regimes appear.

2.

For 3000 ≤ Ra ≤ 3500: the case without fins remains favorable in heat transfer until h = 0.187 for Ra = 3000 and 0.218 for Ra = 3500. If the objective is to reduce the heat transfer, the use of the fins is recommended in this case. At great heights, the heat transfer increases with the increase of h and is more favorable than the case without fins.
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 1 Figure 1: Geometric configuration The problem considered is two-dimensional, steady, and laminar. The non-dimensional governing equations written in vorticity -stream function formulation are given by: ∆ψ + ω = 0 (1) ∂T ∂t + u ∂T ∂r + v r

Tab. 1 :

 1 Flow regimes for 1000 ≤ Ra ≤ 2500 h = 0.312, UCR h = 0.328, BCR h = 0.484, BBVR h = 0.578, BTVR h = 0.640, FCR h = 0.671, TCR Figure 2 : Streamlines and isotherms for Ra = 1000.
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 3 Figure 3 : Efficiency in function of h for 1000 ≤ Ra ≤ 2500
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 4 Figure 4 : Efficiency in function of h for 3000 ≤ Ra ≤ 3500