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Abstract 

In order to experimentally measure the thermal performance of the finned heat 

sink, it is essential that the rate of heat transfer between the heat sink and the 

flowing water be accurately measured at horizontal positions to different types 

of fluid. The aim of this study is to experimentally investigate the fin heat 

transfer performance and pressure drop properties of an offset-strip fin at a 

various fin positions. In the present study, experiments are conducted at the 

range of Reynolds number from 2000 to 11000 for water system. The 

computations are conducted by assuming that the flow in the offset-strip fin 

channels is steady and turbulent at the range of Reynolds numbers from 4000 to 

11000. In this paper, the effects of the water flow behaviors in the array of fin 

channels on fanning friction (f) factor, which is the non-dimensional form of 

pressure drop, is investigated. Also, the hydraulic diameter (Dh) and the 

volumetric flow rate of the water fluids are kept different for these fins in order 

to see the effect of those. The effect of Prandtl number is investigated by using 

water, 0.1 < Pr < 0.64. According to obtained results, there is an effect of types 

of water flow for various flow rate to the fin heat transfer performance with 

constant hydraulic diameter (Dh). Also, the experimental results observed that 

the performance of heat transfer rate to laminar flow is better in respect of heat 

transfer coefficient, fin efficiency, thermal resistance, and fin effectiveness when 

compared to those of transition and turbulent water flow. 

1.1 Introduction 

 A heat exchanger is a device which is used to transfer thermal energy between 

two or more fluid, between a solid surface and a fluid, or between solid 

particulates and a fluid, at different temperatures and in thermal contact. 

Extended surface heat transfer plays a very important role in heat exchangers 

involving water as one of the fluids. Heat exchangers often used in the process, 

power, petroleum, air-conditioning, refrigeration, cryogenic, heat recovery, 

alternative fuel, and manufacturing industries, they also serve as key 

components of many industrial products available in the market. The heat 

exchangers can be classified in several ways such as, according to the transfer 
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process, number of fluids and heat transfer mechanism. Heat exchangers, on the 

basis of constructional details, can be classified into tubular, plate-type, 

extended surface and regenerative type heat exchangers. The tubular and plate–

type exchangers are the primarily used surface heat exchangers with 

effectiveness below 60% in most of the cases.  

Plate fin type extended surface heat exchangers have corrugated fins mostly of 

triangular or rectangular cross-sections sandwiched between the parallel plates. 

These are widely used in automobile, aerospace, cryogenic and chemical 

industries, electric power plants, propulsive power plants, systems with 

thermodynamic cycles i.e. heat pump, refrigeration etc. and in electronic, gas-

liquefaction, air-conditioning, waste heat recovery systems etc. They are 

characterized by high effectiveness, compactness (high surface area density), 

low weight and moderate cost [1]. 

A fluid is substance that deforms continuously when subjected to a shear stress, 

no matter how small that shear stress may be. A shear force is the force 

component tangent to a surface, and this force divided by the area of the surface 

is the average shear stress over the area. Shear stress at a point is the limiting 

value of shear force to area as the area is reduced to the point. In Fig (1.1); The 

fluid in the area  a,b,c,d flows to the new position a`b`c`d, each fluid particle 

moving parallel to the plate and the velocity u varying uniformly from zero at 

the stationary plate to U at the upper plate. 

 

Figure 1.1 Deformation resulting from application of constant shear force. 

Experiments show that other quantities being held constant, F is directly 

proportional to A and to U and is inversely proportional to thickness t. in 

equation 1.1 

F = μ 
   

 
                                                                                                     (1.1) 

In which μ is the proportionality factor and includes the effect of the particular 

fluid [2]. If τ =F/A for the shear stress is; 

τ = μ 
 

 
                                                                                                     (1.2) 
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The ration U/t is the angular velocity of line ab, or it is the rate of angular 

deformation of the fluid, the angular velocity may also be written as
  

  
, as both 

U/t and  
  

  
 express the velocity change divided by the distance over which the 

change occurs. However, 
  

  
 is more general as it holds for situations in which 

the angular velocity and shear stress change y. the velocity gradient 
  

  
 may also 

be visualized as the rate at which one layer moves relative to an adjacent layer. 

In differential form is the relation between shear stress and rate of angular 

deformation for one –dimensional flow of a fluid 

τ = μ
  

  
                                                                                        (1.3) 

The proportionality factor µ is called the viscosity of the fluid, and Eq. (1.3) is 

Newton's law of viscosity.             

1.1.1 Mean velocity. 

Liquid or gas flow through pipes or duct is commonly used in heating and 

cooling application, and fluid distribution network. The fluid in such application 

is usually forced to flow by a fan or pump through a flow section. We pay 

particular attention to friction, which is directly related to the pressure drop and 

head loss during flow through pipes and ducts. The pressure drop is then used to 

determine the pumping power requirement. A typical piping system involves 

pipes of different diameters connected to each other by various fitting or elbows 

to direct the fluid, valves to control the flow rate, and pumps to pressurize the 

fluid. The terms pipe, duct, and conduit are usually used interchangeably for 

flow section. In general, flow section of circular cross section are referred to as 

pipes (especially when the fluid is a liquid), and flow section of noncircular 

cross section as duct (especially when the fluid is a gas). Small diameter pipes 

are usually referred to as tubes. The fluid velocity in a pipe changes from zero at 

the surface because of the no slip condition to a maximum at the pipe center.  In 

fluid flow, it is convenient to work with an average or mean velocity Vm which 

remains constant in incompressible flow when the cross section area of the pipe 

is constant (Fig, 1.2). The mean velocity in heating and cooling applications 

may change somewhat because of change in density with temperature [3]. 
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Figure 1.2 Vm mean velocity [3]. 

But in practice constant. Also the friction between the fluid layers in a pipe does 

cause a slight rise in fluid temperature as a result of the mechanical energy being 

converted to sensible thermal energy. The primary consequence of friction in 

fluid flow is pressure drop and thus any significant temperature change in the 

fluid duct to heat transfer.  The value of the mean velocity Vm is determined 

from the requirement that the conservation of principle be satisfied, that is, 

  ̇ = ρ Vm Ac                                                                                            (1.4) 

Then the mean velocity for incompressible flow in a circular pipe of radius R 

can be expressed as: 

∫  (   )    
 

 
                                                                                      (1.5) 

 Vm    =    
 

  
 

Where  ̇ 
is the mass flow rate, ρ is the density, Ac is the cross section area and 

u(r, x) is the velocity profile [2]. 

Therefore, when we know the mass flow rate or the velocity profile, the mean 

velocity can be determined easily. 

1.1.2 Reynolds Number 

 We can verify the existence of these laminar, transitional, and turbulent flow 

regimes by injecting some dye streaks into the flow in a glass pipe. The 

transition from laminar to turbulent flow depends on the geometry, surface 

roughness, flow velocity, surface temperature, and type of fluid, among other 

things. After exhaustive experiments in the 188s, Osborne Reynolds discovered 

that flow regime depends mainly on the ratio of the inertial force to viscous in 

the fluid. This ration is called the Reynolds number and is expressed for internal 

flow in a circular pipe. 



 

 مجــلة الــتربــوي

Journal of Educational 

ISSN: 2011- 421X  

Arcif Q3 

 5.1معامل التأثير العربي 
 11العدد 

 

377 http://tarbawej.elmergib.edu.ly                                                                                              

                

 

 
 

 

Re   =  
              

             
(1.6) 

                              Re =    
            

 
 

L= characteristic length of the geometry (D -diameter in circular pipe). 

Re = 
ρ   

μ
 

At large Reynolds number the inertial force, which are proportional to the fluid 

density and the square of the fluid velocity, are large relative to the viscous 

force, and thus the viscous force cannot prevent the random and rapid 

fluctuation of the fluid at small Reynolds number, however the viscous forces 

are large enough to overcome the inertial force and to keep the fluid in line thus 

the flow is turbulent in the first case and laminar in second .the Reynolds 

number at which the flow becomes turbulent is called the Critical Reynolds 

number Recr.  The value of the critical Reynolds number is different for different 

geometries and flow condition. For internal flow in a circular pipe, and generally 

accepted value of the critical Reynolds number is Re =2300 [4]. For flow 

through noncircular pipes, the Reynolds number is based on the hydraulic 

diameter Dh defined: 

     Hydraulic diameter                      Dh =

    

 
 

     The hydraulic diameter is defined such that it reduces to ordinary diameter D 

for circular pipes.                                         

Circular pips                                   Dh=  

    

 
   =  

  (     )⁄

   
= D                          (1.7) 

 

Figure 1.3 the hydraulic diameters (Dh) at different shapes [5] 
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It certainly is desirable to have precise value of Reynolds number for laminar, 

transitional, and turbulent flow, but this is not the case in practice. This is 

because the transition from laminar to turbulent flow also depends on the degree 

of disturbance of the flow by surface roughness, pipe vibrations, and 

fluctuations in the flow. Under most practical conditions, the flow of liquid 

phase in a circular pipe is laminar for Re < 2300, turbulent for Re > 4000, and 

transitional in between; that is; 

Re <  2300          laminar flow 

Re  ≤  4000       transitional flow      2300  ≤ 

Re   >  4000       turbulent flow 

In transitional flow, the flow switches between laminar and turbulent randomly. 

In such carefully controlled experiments, laminar flow has been maintained at 

Reynolds of up to 100,000 for flows approximated as in viscid flow. The 

Reynolds number infinity since the viscosity is assumed to be zero.  

2.1 Objective 

 

 The rapid growth in high speed multi-functional miniaturized electronics 

demands more stringent thermal management. The present work experimentally 

investigates the use of staggered array of fins to enhance the rate of heat transfer 

while subject to a horizontal flow. In particular, the number of horizontal 

position and the vertical on each water flow rates are studied. Pressure drop with 

array of fin is examined at horizontal position. However, further work done to 

study the effects of hydraulic diameter (Dh) to the rectangular fin heat transfer 

performance. 

The aim of the present study is to show that it is possible to record the change on 

a heat transfer performance fin inside the water system of plate finned-tube heat 

exchangers. Force convection investigate with different types of fluids (laminar, 

transition and turbulent) .To the plate finned-tube heat exchangers, in-line and 

staggered tube arrangements, were tested under various duct velocities. In 

addition, the heat performance of fins will determine for this water system for 

both types of direction.  

3.1 Scope of the present work 

Design and fabrication of the test apparatus for examine the tree types of fluids 

of water through the plate with array of rectangular fin heat transfer rate. To 

determine the thermal fin performance parameters like overall heat transfer 

coefficient, effectiveness and overall heat transfer of plate fin heat exchanger 

through hot testing under water forced flow condition. After that; study the 

effect of the force convection condition to performance of rectangular fin with 
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different plate direction. The type of relation of Re no. with Nu no. for force 

convection was investigated. Then the pressure drops for different types of flow 

at different direction of rectangular fin used was measured. The type of relation 

of  Re no. with pressure drop (∆ P) for force convection by water media was 

investigated, the heat transfer coefficient was measured for all of types of  fluid 

with array consist of ten fins to the volumetric flow rate. The range of heat 

transfer coefficient (h), the range of effectiveness' found, and the range of 

efficiency found was measured, finally the type of relation between hydraulic 

duct diameters' with fin heat transfer performance was calculated. 

4.1 Literature Survey 

Over the past few decades a large amount of study has been conducted to 

analyze the heat transfer and pressure drop characteristics of compact heat 

exchangers. Although various types of interrupted fin surfaces have been 

performed in the past, this study focuses on the offset-strip fin (OSF) type 

compact heat exchanger. Various similar studies about this type of fin are 

available in the literature and they will be summarized in this chapter [6-36].  

Optimization of fin arrays has been studied a lot under the assumption of 

isothermal fins. Bejan and Morega maximized the heat transfer rate of an 

isothermal fin array with laminar flow when the pressure drop and total fin array 

width were fixed. Bejan and Morega solved the corresponding turbulent case 

[36]. Later, Mereu et al. minimized the thermal resistance with fixed width and 

fan power, but only a numerical solution was given with constant heat flux at the 

fins [38]. The analytical solution for this problem with isothermal fins was given 

by Canhoto and Heitor Reis who also included the effect of the local pressure 

losses [39]. Lindstedt and Karvinen extended and summarized the above studies 

by minimizing thermal resistance with either fixed width or fixed volume and 

either fixed pressure drop or fan power. More accurate solutions for the local 

pressure losses were used [40]. In order to take into account the decrease in the 

fin temperature, at least one-dimensional heat conduction must be assumed in 

the fins. Liu and Garimella [41] and Song et al. [42] have used conjugated fin 

array models in the optimization. Lindstedt and Karvinen [43] present 

optimization results which use the 2D solution of Lindstedt. For the fins; 

Thermal resistance was minimized with the volume, the number of the fins and 

either the fan power or the pressure drop fixed. Isothermal and is flux boundary 

conditions at the fin base were dealt with. Optimization with comparable or even 

more accurate conjugated heat transfer modeling has only been made in CFD 

studies, such as those by Li and Peterson [44] and Wang et al., [45] among 

others. 
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There is very little useful information on the optimization of non-isothermal fin 

arrays. Very often the optimization results are presented as tabulated values for 

different designs or as curves representing the effect of a design variable on the 

thermal resistance or the total heat transfer rate. Such results do not provide any 

generally applicable information and thus are not useful when either certain 

initial values, or the coolant, are changed [46]. 

 Both laminar and turbulent cases are solved for gases with Prandtl number 0.7 

assuming a constant temperature at the fin base, i.e. the base plate is isothermal. 

None of the fin or channel dimensions are fixed. The solutions of the problems 

are presented using non-dimensional variables, thus they are valid for fin arrays 

of any size. 

 

 
 

Figure 1.5 Schematic of typical heat sink used in power electronics cooling. The 

base plate is at the temperature. There are channels and fins [47]. 

Recently at 2012, Hamid Nabati [48], Mishra et.al; [49] and Shivdas et. al.; [50] 

used very modern numerical programs for analysis the effect of types of fluids 

to the fin heat transfer performance for comment shape (rectangular) for natural 

and force convection to the airflow system. 

5.1 Experimental work 

 In order to experimentally measure the thermal performance of the finned heat 

sink, it is essential that the rate of heat transfer between the heat sink and the 

flowing water be accurately measured at horizontal. For the present 

experimental studies of heat sink performance, electrical patch heaters were 

used to heat the fin base. 
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Figure 1.6 water system to examine the performance of heat transfer setup. 

 

 It would be highly desirable to be able to indirectly obtain an accurate 

measurement of the rate of heat transfer from the heat sink to the flowing of 

water, by simply measuring the temperature to the patch heaters. In order to 

experimentally measure the thermal performance of the finned heat sink, it is 

essential that the rate of heat transfer between the heat sink and the flowing of 

water be accurately measured. For the present experimental studies of heat sink 

performance, the rmocouple type (K) was used to heat the fin base. It would be 

highly desirable to be able to indirectly obtain an accurate measurement of the 

rate of heat transfer from the heat sink to the flowing of water. Equating these 

two energy rates assumes a negligible heat loss off the back-side and edges of 

the patch heater assembly, these two energy rates assumes a negligible heat loss 

off the back-side and edges of the patch heater assembly. 

 

6.1 Description of tools. 

To approach the investigation of performance to array of rectangular pin fin by 

forced convection, we used the following devise as listed below: 

6.1.1 The fins. 

Geometrical parameters of rectangular aluminum fins with code name (S.I.R 

RFH 1100.50R  191*915900 0528) at thermal conductivity equal to 335 w\m . 

k. There are 12 fins fixed at rectangular aluminum base with electrical heater 

with heat supply up to 1250 w. 
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Figure 6.1(a) rectangular fins, (b) rectangular fin array. 

Table 6.1 Fins properties 

Geometrical Parameters Dimensions (mm) 

Fin length (wf) 320 

Fin Height (LF) 10 

Fin thickness (t) 1 

Fin size (s) 5 

Channel length (Lc) 10.5 

Fin Parameter  (P) 642 

6.1.2 Flow meters 

Geometrical parameters of flow meter type magnetic with code name 

(KROHNE CE DW 182/RR/A/K1 628859.10.02 PN40DN50A 182F3161 

501287) is used for measuring the volumetric flow rate of water. 

 

Figure 6.2 Magnetic meter 
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Table 6.2 Flow meter specification 

Geometrical parameters                                             Dimensions                               

Flow meter length                                                        (30)cm 

Inlet diameter                                                               (1.5)in 

Outlet diameter                                                            (1.5)in 

measurement scale                                                      (1200/10000 ) L/h 

flow meter weight                                                         (35)kg 

 

6.1.3 Pumps 

Two types of pumps used in our experimental work as shown in figures ( 

3.3 and 3.4 )for flow the water to the system cycle up to 7000 lit\hr. 

Geometrical parameter of pump with code name type (SAER CE) made in 

ITALY  (Serial number( 2560468 Year D)). 

 

 
Figure 6.3 water pump no. 1 

 

Table 6.3 Pump no. 1 specification 

Geometrical dimensional 

Voltage 230V 

Current 10.6A 

r.p.m 2850 r/min 

Hours Power 2.2 HP 

Volume of rate 1.2-7.2 m
3
/h 

High 32-50 m 

High max 52m 

Temperature 70  
o
C 
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Geometrical parameter of pump with code name type (POMAX QB-80 Serial 

number 1210160806) is used to reach the big volumetric flow rate of water. 

 

Figure 6.4 Water pump No. 2. 

Table 6.4 Specification of pump no. 2.  

 

 

 

 

 

 

 

6.1.4  Pipes  

Pipes are made of P-Brawn pipes geode name (1N 150 1587-2GEM) has a 

length 4.5m , inside diameter 21mm, 32mm outside diameter. 

6.1.5 Rectangular duct. 

 Rectangular duct made of galvanized iron and Geometrical parameter of 

rectangular duct is use to examine the effects of water flow rate to the fin heat 

transfer performance for two positions to the array of fins. 

 

Geometrical                                                                 Dimensional 

Voltage                                                                             220V 

Current                                                                             3.8A 

High max.                                                                           50m 

Volume of rate                                                                 50 L/h 

Size                                                                                     1*1 

Suck                                                                                     9m 

Hours power                                                                      1 hp 

r.p.m                                                                                    2850  L/min 
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Figure 6.5 Schematic diagram of the duct 

 

Table 6.5 Duct dimensional 

Geometrical dimensional 

Volume of duct 0.4*0.2*1.5 m 

Thickness 1.5mm 

Length of duct 1.5m 

High of duct 40cm 

Width of duct 20cm 

 

6.1.6 Gauges box 
Gauges box made of galvanized iron dimensional (15*15*40) cm contend a 

reading gauges and main fuse, electrical wires and thermocouple connected to 

copper pipes fixed on fin aluminum base. 

 
Figure 6.6 The Gauges Box 

Gauge description (B,C,D)        

They are three gauges, the first gauge end connected to electrical current, the 

other connected to thermocouple fixed on base of the fin, gives reading of base 

temperature (Tb) the second gauge end connected to electrical current and its 

fixed on the fin that gives temperature reading of the fins at the required 
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temperature, its surface temperature of the fins (TF), third gauges the end 

connected to electrical current, the other connected to thermocouple fixed in 

water,  each gauge with (thermostat) to control the required temperature. 

Thermocouple (G,H,I)  

Thermocouple is a device consist thermal wire to measure the temperature of fin 

base fixed on it, the fin surface and water, its other end connected to digital 

gauge. its type (J) to measure temperatures and type K to measure temperature 

of the water.  

(E,F) manual breaker 

It is manual breaker to control the electricity entering the device at operation to 

warn the device, it’s very sensitive breaker to disconnect electrical current if 

there is a problem inside the device. 

Hand valve 

Manual valve is used to control the flow of water (input, output).  It is used a 

three hand valves in this system.  

Table 6.6 Hand valve specification 

Model NAME Tube dia. in MASS g 

HV-12.01 SANWA 1 1/2 45 

HV- 17-00 SANWA 1 33 

HV – 8-01             TIGRE                            2 55                            

7.1 The experimental setup and procedure 

The results of experimental work consist of the four parts respectively.  

The first part of experimental consists of the following steps: 

 

Figure 7.1 schematic view of experimental setup 
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1. Connecting the electric wire of operating the control box of the system with 

the source of the electric current. 

2. Filling the cistern with fresh water. 

3. We fix the fins inside the duct a horizontal shape.  

4. Fixing the control meter with the temperature of the heater at 30
o
C.  Then, 

operating the pump no.(1) to flow water from the cistern to the duct in order 

to pass on the fins inside it of a distance of 1,500m from the switching point 

to the duct as the fins fixed in a systematic way. 

5. Fixing the controlling valve of water flow at 1200 L/h as fixing the level 

inside the duct through closing the exits valve at the bottom of the duct. 

6. When the temperature of the base reaches 30
o
C disconnect the control valve 

automatically so that the temperature of the base will be increased up to 37
o
C 

and decreased to 30
o
C. As soon as the temperature become fixed at 

30
o
C.Then, we start recording the reading from the surface of the fins 

through the thermocouple and the temperature of the water. 

7. The same steps one repeated for the temperature with an increase of 4
o
C for 

each stage until 62
o
C recording the readings and writhing then claim  in the 

table. 

8. The speed of water flow is fixed by the control valve at the speed of 200 L/h 

and we follow the same step of the experiment from 1-to-5. 

9. The speed of water flow is fixed by the control valve at the speeds of 

(3000,4000,5000,6000,7000)L/h at this stage.   the pumps No. 1 and 2 are 

operated until reaching the speeds mentioned before.  Then, the readings of 

the water and the fins are recorded separately following the previous steps 

from1to 5. 

Second part of the experiment consists of the following steps: 

We change the direction of fins at the vertical position inside the duct at a 

distance of 1.5m from water flow and we repeat the same above steps of the 

experiment for the same temperature and measure the temperature at the surface 

of the fins and measure the temperature of the water and record the readings on 

the table. 

The third part of the experiment consists of the following steps: 

1. We fix the fins at a horizontal shape after a distance of 0.75m from point of 

water flow at a speed of 2500L/h in order to cover the fins completely with 

water.  Then, we fix the measuring meter of the temperature of 90
o
C when 

we reach this point; the operating switch was disconnected automatically 

through the thermocouple.  Hence, the temperature is increased 7
o
C 
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approximately and decreases until reaching the steady point at 30
o
C. The 

temperature was recorded at the surface of the fins and water through the 

thermocouple. 

2. We increase the water level inside the duct at the same speed 2500 L/h and 

we fix the temperature at 34
o
C. After the steady state was reached, the 

readings at the surface of the fins and water were recorded on the tables.  

3. We follow the same steps by increasing the level of water and changing the 

temperature by adding 4
o
C for each stag until we reach 62

o
C.  Then, record 

the readings at each step on the table. 

8.1 Results and Discussions 

The array of rectangular fins in the water duct at horizontal direction examine 

for different volumetric flow rate and different hydraulic diameter (Dh) to the 

range of water temperatures from 20 to 25 
o
C. The results of different hydraulic 

diameter (Dh) of water phase to roughness galvanized iron illustrated in the 

Figures 8.1, 8.2 and 8.3 at constant volumetric flow rate (1000 lit\hr.); but, the 

results of different volumetric flow rate from 333 to 1945 cm
3
/sec at constant 

hydraulic diameter (Dh) equal to (28.6 cm) are shown in figures 5.16 to 5.23. a 

math lab program was used for calculation and drawn Figures 8.1 to 8.11.  

 

Figure 8.1 Illustrated the relation of Re no. with Nu no. at horizontal direction 

for variable hydraulic diameter (Dh) 
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Figure 8.2 Illustrated the relation of Re no. with pressure drop ( ∆P ). at 

horizontal direction with variable hydraulic diameter (Dh) 

 
Figure 8.3 Observed the relation of Re no. with heat transfer coefficients (h) at 

horizontal direction with variable hydraulic diameter (Dh) 

A linear relation found between the Re no. with Nu no. for horizontal direction 

similar to the vertical direction as shown in figure 5.11. We have a turbulent 

flow at horizontal direction of array of rectangular fins ,because the Re no. 

increase than 4000 as shown in figures 5.11 and 5.12. For turbulent water flow 

the pressure drop decrease and the heat transfer coefficients increase with 

increasing the Re no. at horizontal direction, see figures 5.11 and 5.12.     
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Figure 8.4 Observed the relation of Re no. with Nu no. at horizontal direction 

with constant hydraulic diameter (Dh) 

The relation of  (Re no.) with  (Nu no.) for different volumetric flow rate and 

constant hydraulic diameter (Dh) is linear as illustrated in figure 5.16, for the 

range of flow rate  from 333   to   1945 cm
3
/sec. A linear relation obtained 

between the volumetric flow rate ( Q ) and the heat transfer coefficients (h) as 

shown in figure 5.17. The pressure drop increase with increasing the heat 

transfer coefficient for horizontal direction of array of rectangular fins as 

observed in figure 5.18. But the friction factor decrease with increasing the Re 

no. for this position as shown in figure 5.19 at constant hydraulic diameter (Dh)    

. 

 
Figure 8.5 Observed the relation of volumetric flow rate (Q) with heat transfer 

coefficients (h) at horizontal direction with constant hydraulic diameter (Dh) 
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Figure 8.6. Observed the relation of Re no. with pressure drop (∆P) at horizontal 

direction with constant hydraulic diameter (Dh) 

 
Figure 8.6 Illustrated the relation of water velocity (V) with friction factor (f) at 

horizontal direction with constant hydraulic diameter (Dh) 

At 0.0075 m/s velocity, the friction factor (f) has a big value about 0.0113  when 

the fin horizontal setting is fixed. When the velocity is increased to 0.015 m/s 

under similar condition, the increase in this factor is about 14 percent. Further, 

when the velocity is increased to 0.025 m/s, the increase in friction coefficient 

value is about 50 percent, which is a significant increase. 
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Figure 8.7 Observed the relation of heat flux (Q') with heat transfer coefficients 

(h) at horizontal direction at constant hydraulic diameter (Dh) 

The heat flux of horizontal direction increase with increasing heat transfer 

coefficients at different volumetric flow rate for horizontal direction of array of 

fins as shown in figure 5.20. 

The heat transfer ratio ( Qfin \ Q water ) with (ml) is represented in figure 5.21 

as a linear relation. The preformance of  horzontail directio the  array of 

rectangular fins measured by efficiency and effectivness of these fins. This is 

illustreted in figur 5.22. The range of effeciency of rectangular fins is from 96 to 

99  % and the effectivness of fins has a range from  19.7 to 20.8 is to heigh, 

because the heat supplay is very low 550w with enughou number of fins ( 12 

fins ). 

 

 
Figure 8.8 Observed the relation of heat transfer ratio with( ml ) at horizontal 

direction with constant hydraulic diameter (Dh) 
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Figure 8.9 Illustrated the relation between the fin heat transfer performance ( 

efficiency and effectiveness) at horizontal direction , with constant hydraulic 

diameter (Dh) 

 

Figure 8.10 Performance of heat transfer to the arrays of fins at different 

hydraulic diameter (Dh) 
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Figure 8.11 Performance of heat transfer to the arrays of fins at different water 

velocity 

The performance of arrays of aluminum fins decrease at horizontal direction 

with increasing the hydraulic diameter and the water velocity as shown in the 

above Figures 8.1 to 8.11 (math lab program was used for calculation and drawn 

the above Figures 8.1 to 8.11). The efficiency of this position is very big reach 

to 99% mean excellent cooling done by the built cooling system. 

Conclusions 

From the present experimental work the following conclusions are drawn:  

 Lower Reynolds number gives better values for the criteria but there is a 

local optimum just after the transition to turbulence. 

 After considerable experimental investigation, it was concluded that the 

power supply and fin heat transfer (P - Q ) difference was primarily due to a 

heat loss through the  galvanized iron duct enclosure and connecting water 

ducts.  

 The heat transfer coefficient in the fins channel increases with increasing 

Reynolds number as in duct flow. As expected, high pressure drop is also 

observed. 

 The computational results by math lab programs shows that a confirmation 

from experiments for all range of Reynolds number. 
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 Forced convection over pin fin heat sinks is a very effective heat transfer 

mode. In many cases, the primary cause for the rise in wall temperature is the 

increase of the fluid temperature as it flows through the heat sink. 

 To suppress the convective thermal resistance at high Reynolds number 

dense pin fin configurations are preferable, while for low Reynolds numbers 

more sparse arrangements are advisable. 

 Very high heat fluxes can be dissipated at low wall temperature rise using a 

micro scale pin fin heat sink.  

 The heat transfer and pressure drop correlations are currently not sufficiently 

developed, but the results strongly suggest that pin fin heat sinks deserve 

adequate research attention. Furthermore, pin fin configurations provide 

considerably more design flexibility in the geometrical selection of the pin 

shapes and their position. 

 No effect to the position of array of rectangular fins at the heat transfer 

coefficient .This is because of a small different found to the range of heat 

transfer coefficient between them. 

 It is found the range of heat transfer coefficient from 33 to 122 w/m
2
. K. for 

three types of water flow at the both position used. 

  The pressure drop decrease with Re no at different hydraulic diameter (Dh) 

and constant volumetric flow rate, while the pressure drop increase with Re 

no. at constant hydraulic diameter (Dh) and different volumetric flow rate for 

both position. 

  The pressure drop is very low has a range from 0.0008 to 0.013 kN\m2 for 

the cooling system in this work. 

 The friction factor (f) decrease with increasing the water flow velocity for 

both position. 

 The fin heat transfer performance represent by the calculation the 

effectiveness and the efficiency for different parameters in present work. 

 The fin heat transfer performance decrease with increasing the water 

volumetric flow rate at constant hydraulic diameter (Dh). 

  The fin heat transfer performance decrease with increasing the hydraulic 

diameter (Dh). 

 It's found a high performance for array of rectangular fins used. 

 The range of efficiency is to high reach up to 99%. This due to an excellent 

cooling system used. 

 The effectiveness of rectangular fin used is more than 20. This mean the ratio 

of the fin heat transfer rate to the heat transfer rate that would exist without 

the fin is very big. 
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 The fin heat transfer performance increase with increasing the volumetric 

flow rate for laminar and turbulent flow and decrease at transition flow.  

 

Considering the above points, it is concluded from the experimental results that 

the performance of heat transfer rate to laminar flow is better in respect of heat 

transfer coefficient, fin efficiency, thermal resistance, and effectiveness when 

compared to those of transition and turbulent fluid.  
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