Studying Heat Transfer and Fluid flow of Forced Convection  through an Array of offset fins with square section  
By 
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1. Abstract:
        The important studies around heat sinks is increasing in severity day by day . It is known that the heat generated by electronic devices continues to increase therefore used this studies. This study is used to construct a mathematical model to analyze flow through air gap through an Array of offset fins with square section as a heat sink used in electronic equipment. This fins are arranged as first  inline slots and   second as staggered slots. In this study used heat sink construct for Aluminum and has suitable dimension for used to cooling electronic devices. Used groups of fins has square section with[1.4mm *  1.4mm] arrangement with distance 2.4 mm. In this study consider the temperature of fins is constant and 325 K and the fluid is air has difference velocities for two cases according to Reynolds number has depend on velocities of  inlet air [v=0.5m/sec ,v=3 m/sec, v=7m/sec respectively] . The governing equations were transformed to the vorticity-stream function formula as for momentum equations and to the temperature and stream function for energy equation. The construct result used program(ANSYS 10) to find temperature, velocity and pressure  distribution also the vector of velocity inside the air gap for two cases and different velocities and taking the result and drawing for these cases and chose the more arrangement .

Keywords : Heat transfer, Fins, Array, fluid, Flow, Forced convection, ANSYS 10.
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دراسة انتقال الحرارة وجريان المائع للحمل القسري خلال مصفوفة زعانف مربعة المقطع
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      أهمية الدراسات حول الغاطس الحراري ازدادت بشدة يوم بعد يوم كما ان الحرارة المتولدة في عمل الأجهزة الالكترونية كذلك ازدادت  لذلك استخدمت هذه الدراسةِ  حيث تم فيها تحليل جريان المائع خلال مصفوفة من الزعانف مشكلة على شكل مغطس حراري يستخدم في تبريد الأجهزة الالكترونية. تم استخدام حالتين من ترتيب الزعانف في الغاطس الحراري.الحالة الأولى بشكل خطي و الحالة الثانية بشكل تعاقبي . في هذه الدراسةِ استخدم الغاطس الحراري مصنوع من معدن الألمنيوم وبإبعاد مناسبة لاستخدامه في تبريد بعض الأجهزة الالكترونية حيث استخدمت مجموعة زعانف مربعة المقطع بإبعاد        [ 1.4mm * 1.4mm]ومرتبة بمسافات 2.4 mm واعتبرت درجة حرارة الزعانف ثابتة وهي   325Kأما المائع المستخدم فهو الهواء بسرعات مختلفة لكلا الحالتين حسب أعداد رينولد تعتمد على سرع دخول الهواءالى داخل الفسحة              

                                  . إذ تم تبسيط المعادلات الحاكمة للجريان وانتقال الحرارة   خلال الفجوة المحصورة بين الزعانف من المعادلات الأساسية (الاستمرارية، الزخم والطاقة) بالإحداثيات الكارتيزية  [X,Y].كمية الحرارة تنتقل من الزعانف إلى الهواء المحيط بها بالحمل. تم استخدام برنامج متطور ( ANSYS10) لإيٍجاد توزيع درجات الحرارة والسرعة وكذلك متجهات السرعة للفسحة الهوائية بين الزعانف لكلا الحالتين ولسرع دخول للهواء مختلفة.حيث تم استخراج ورسم النتائج للحالات المذكورة ومناقشتها واختيار الترتيب الأمثل والافضل.
2-Nomenclature: 

Ac:Area of heat sink,m2
A:characteristic Area, m2
Dh: hydraulic diameter, m
h= fin height ,m

g  : gravitational acceleration. m /sec2

k   :thermal conductivity w/m2K
l: characteristic length. m
Re  : Reynolds number 
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P: pressure ,N/m2
S:the distance between fins, m

T   :Temperature , K
Ti: ideal gas Temperature , K
u  : velocity in x-axes ,m/sec

v : velocity in y axis, m/sec

Greek symbols

ρ  fluid density, Kg/m3

ρ i: ideal gas density, Kg/m3

βe : thermal expansion coefficient of fluid (1/K)

υ : kinematics viscosity ,m2/sec
Subscripts
i: ideal gas
h: hydraulic diameter
3-INTRODUCTION

      Heat sinks are commonly used in many fields of industry as cooling electronic devices , and electronic component cooling becomes a more serious design problem as power densities continue to increase. One of the most common means for cooling electronic modules is a finned heat sink that enhances convection heat transfer to the ambient air. There are a many types of heat sinks, with differing fin geometries, and operating with forced convection. A common geometry is an Array of offset fins with square section represented as heat sink .
       Azar et al. (1992) performed experimental studies on narrow channel (s = 1:1 mm) heat sink

with air flow arrangement of side-in-side-exit and top-in-side-exit and found no significant difference in heat sink performance. They performed some experiments with tip clearance and found that the use of heat sinks with tip clearance was not lead to a significant improvement in thermal performance. However, they was not provide any methodology to determine the heat sink thermal performance by experimental correlation or analytical modeling.
      Sata et al. (1997) carried out a numerical analysis for the flow and temperature fields around a plate fin array. Based on the knowledge of flow and thermal phenomena around the fin array, they proposed a new technique for predicting the cooling performance of the fins, in which inter-fin velocity is estimated by modeling the energy balances in the flow field around the fin array and between fins under the condition of constant pressure at its downstream edge.
     Jonsson and Moshfegh (2001) developed empirical bypass correlations for a plate fin heat sink to predict the dimensionless pressure drop and Nusselt number based on experimental data under variable bypass condition. The correlation for dimensionless pressure drop is in agreement of 25% with the experimental data, and the correlation for dimensionless Nusselt number is in agreement of 10% with the experimental data. But the correlation is limited to a certain range of duct Reynolds number
     Mertol. (1993) the performed parametric studies to observe the effects of heat sink height, width and length on thermal resistance. The rate of flow air is also studied and results are used to generate design plots. These plots may be used to select either heat sink dimensions or air speed for a particular design requirement.
4- Mathematical model
4.1- Assumptions :

      The analysis of the heat sink is based on the following assumptions:

1. Two dimension  and steady state for fluid motion

    and temperature distribution.

2.All the physical properties are assumed to be constant except for the density

    variation with temperature.

3. The temperature in rectangular fins are constant.
 4 .The fluid is considered viscous and incompressible
5. frictional heating is negligible
6. There are no heat generations within the heat sink.
7.The left and right ends are insulated.

4.2- The governing equations :

      The governing equations of continuity, momentum, and energy for a steady, incompressible flow are given below. (Sathe and Sammakia, 1995),the continuity equation in X and Y directions is:
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 The momentum equations in x and y directions are:
x- momentum:
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y- momentum:
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 The energy equation in X and Y directions is:
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       Vedat, S,(1984) for free convection flow, the change in density is responsible for the flow and the ideal gas state equation was provided as an input to estimate the fluid density,
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4.3-Renolds number calculation:

      Two different Reynolds number were define for the fluid flow analysis. The primary Reynolds number, Equation[7 ], is based on the hydraulic diameter. This is the common Reynolds number used in heat transfer calculations .from Figure 3, the hydraulic diameter, Equation[8 ],represented the cross section area of duct to heat transfer area.
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 The hydraulic diameter:     
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    Carlos M. Suarez (1996) The second Reynolds number investigated was based on the fin thickness (t) as the characteristic length. This relationship was defined as :
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 Where Uo: average velocity in the inlet heat sink
4.4- Boundary condition:
The boundary conditions of the system are :
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At x=0  The temperature of inlet air Tair=293k and velocity v=0.5m/sec ,v=3 m/sec, v=7m/sec respectively.

At x=L   p = 0 N/m2
The temperature at the boundaries of fins  is constant and T=325 K.
5- Procedure of Solution:
      The results are calculated by using ANSYS 10 based finite element. In order to be consistent with what we have for ANSYS 10  based on finite element model, half size of the elements in z direction that represented the high of heat sink is used adjacent to the symmetry line. The grid points are not distributed uniformly over the computational domain shown in Figure 2 is generated using ANSYS 10 because they have greater density near surfaces of the fins. The fins are arranged as in-line and staggered for the same area therefore the number of fins in the case of arranged in-line is equal 64 fins and 61 fins for staggered arranged .The grid distribution along the  heat sink in two cases  fins selected 10 increments at all side  , the line between the fins at the top and bottom heat sink has15 increments and the line between the fins at the inlet  and outlet  heat sink has15 increments . The number of nodes is 22250 and mesh the area with triangular and free.
6- Result and Discussion.

6.1- Velocity distribution
       For this study consider the air inlet to heat sink at temperature T=293 K and temperature of all fins T=325 K the temperature variation in this case T=32K, this variation is very high because the dimension of heat sink is very small in mm according the place of used. Figure 3 represents temperature distribution along this array of fins are arranged as first  inline slots and   second as staggered slots for velocity v=0.5m/sec ,v=3 m/sec, v=7m/sec respectively. From this figure conclude that for v=0.5m/sec if the array of fins are arranged as  inline slots Figure 3a, the air travel in inline slot therefore the velocity stay zero at the right and left of fins this caused increase in temperature in this area and the heat transferred by free conduction only.  From this figure conclude that for v=0.5m/sec if the array of fins are arranged as  staggered slots Figure 3b, the air distributed to high and lower of fins because the arranged of  the array of fins ,also the time is greater than in case of in-line arrangement this deals with increase in exchange in temperature. here the researcher is agree with W. A. Khan, J. R. Culham, and M. M. Yovanovich (2006) Also from this figure conclude that when velocity of air increase v=3m/sec if the array of fins are arranged as  inline slots Figure 3c, the air travel in inline slot and also found small velocity in y axes therefore the velocity did not equal zero at the right and left of fins this caused increase in temperature in this area and the heat transferred andante by forced conduction .In case the arranged of  the array of fins as staggered slots Figure 3d there're area behind the fins stay has velocity is zero increase with velocity increase .Figure 3e,3f has the same mutations but if the array of fins are arranged as  inline slots Figure 3e, the air travel in inline slot and also found small velocity in  in y axes ,but more than that  v=3m/sec .In case the arranged of  the array of fins as staggered slots Figure 3f ,the area behind the fins that has velocity is zero increase .
6.2-Temperature distribution
      The Temperature distribution depend on velocity and temperature of air inlet and distribution of pressure that caused  distribution of velocity of air inside slots between fins .figure 4 represented temperature distribution along array of fins are arranged as first  inline slots and   second as staggered slots for velocity v=0.5m/sec ,v=3 m/sec, v=7m/sec respectively. From this figure conclude that for v=0.5m/sec if the array of fins are arranged as  inline slots Figure 4a,the temperature at inlet is less than temperature at outlet and the end of temperature variation is triangular because the velocity in in-line ,but if the array of fins are arranged as staggered slots Figure 4b,also the temperature at inlet is less than temperature at outlet and the end of temperature variation is trapezoidal  because the velocity transfer to high and lower of fins .the temperature in the end of heat sink is very high in case of the array of fins are arranged as staggered slots because the thermal resistance that caused the fins in front the air velocity .when the velocity of air increase 
temperature variation decrease , here the researcher is agree with M.R.Kelleher, (1993) and the top of triangular increase in long if the array of fins are arranged as  inline slots Figure 4c. if the array of fins are arranged as staggered slots Figure 4d, the end of temperature variation change  from the trapezoidal to forming  area in the corner of trapezoidal area increase with increase of air because the velocity transfer to high and lower of fins increase,here the researcher is agree with Masterson ,J. M, (1996).
6.3-Velocity vector distribution

       Figure 5 represents velocity distribution along array of fins as vectors from this figure conclude what happened in temperature and velocity distribution  by appointing vector of velocity and number and conform of loops . In figure 5a,5c,and5e start forming loops between the fins decrease with the velocity increase and in figure 5b,5d,and 5f start forming loops behind the fins as form  lachrymal increase with velocity increase .The number of loops and its volumes caused the temperature and velocity variation.
7. Conclusions
     There are some of conclusion conform from this study  after studded the results :
1-Heat transfer in an array of offset of fins arranged as staggered more than if the fins arranged in- line for high velocity of inlet air.
2- velocity and temperature distribution an array of offset of fins arranged as in- line is best with  an array of offset of fins arranged as staggered for low velocity of inlet air.
3- The forms cross section area of fins effect on the forms of loops between the fins, as the cross section area of fins becomes thin when the dimension of loops decrease and the variation decrease.
4- The inlet of air from two direction is more than one direction because this effect on velocity and temperature variation.
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Figure 3:Velocity distribution profiles (vsum). through an Array of offset fins  with various velocities of air








Figure 3e Velocity distribution profiles (vsum). through an Array of offset in-line fins ,vair =7 m/sec








Figure 3f: Velocity distribution profiles (vsum).through an Array of offset staggered fins , vair =7 m/sec
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Figure 3c: Velocity distribution profiles (vsum). through an Array of offset in-line fins ,vair =3 m/sec








Figure 3d: Velocity distribution profiles (vsum).through an Array of offset staggered fins , vair =3 m/sec
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Figure 3b: Velocity distribution profiles (vsum).through an Array of offset staggered fins , vair =0.5 m/sec








Figure 3a: Velocity distribution profiles (vsum). through an Array of offset in-line fins ,vair =0.5 m/sec
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Figure 4: Temperature distribution profiles. through an Array of offset fins  with various velocities of air








Figure 4e: Temperature distribution profiles. through an Array of offset in-line fins ,vair =7 m/sec








Figure 4f: Temperature distribution profiles. through an Array of offset staggered fins , vair =7 m/sec
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Figure 4c: Temperature distribution profiles. through an Array of offset in-line fins ,vair =3 m/sec








Figure 4d: Temperature distribution profiles..through an Array of offset staggered fins , vair =3 m/sec
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Figure 4b: Temperature distribution profiles..through an Array of offset staggered fins , vair =0.5 m/sec








Figure 4a:Temperature distribution profiles. through an Array of offset in-line fins ,vair =0.5 m/sec
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Figure 5: Velocity distribution vector, through an Array of offset fins  with various velocities of air








Figure 5e: Velocity distribution vector.through an Array of offset in-line fins ,vair =7 m/sec








Figure 5f: Velocity distribution vector .through an Array of offset staggered fins , vair =7 m/sec
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Figure 5c: Velocity distribution vector. through an Array of offset in-line fins ,vair =3 m/sec








Figure 5d: Velocity distribution vector. through an Array of offset staggered fins , vair =3 m/sec
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Figure 5b: Velocity distribution vector..through an Array of offset staggered fins , vair =0.5 m/sec








Figure 5a:Velocity distribution vector. through an Array of offset in-line fins ,vair =0.5 m/sec
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Figure 2a:Grid system of Array of offset fins with square section arranged as in-line 





Figure 2b:Grid system of Array of offset fins with square section arranged as in-line 





Figure 2:Grid system of Array of offset fins with square section arranged as in-line and staggered 
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Figure 1: Array of offset fins with square section arranged as in-line and staggered 
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