Numerical study on the improving of the double pipe heat exchanger by changing the outer surface area of inner tube.
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Abstract— Mathematical simulation performed on a double pipe heat exchanger which has water as a working fluid. The outer tube diameter is (34.1mm) while the inner tube diameter is (16.05mm). The tubes wall thickness is (1.5mm) and the model length was (1 m). The hot water is flowing through the inner tube in parallel with the cold water that passing the outer tube. The hot and cold water temperatures at the inlet is (75°C and 30°C) respectively. The mass flow rate inside the central pipe is (0.1 kg/s) while the annular pipe carrying (0.3 kg/s). The study compared between models that use longitudinal fins on the outer surface of the internal tube and other without fins in the same conditions. A certain computer program used for system analysis which is Ansys workbench 15.0.
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Introduction

Heat is a form of energy that commonly known as a thermal energy. As other types, it can be carried from place to other or from a body to bodies which in contact with [1]. Heat-exchanger is a term used with the device that acts a role in heat transfer [1]. It may take several shapes; one of them is the double-pipe heat exchanger which consists of a smaller size tube inserted inside the bigger tube. Each one of them contains fluid differently in temperature from the other to induce heat flowing from hot side to colder [1]. 
In present work, changing of inner tube surface on heat exchanger performance in case of parallel fluids flow is studied numerically. Longitudinal fin is one of the passive methods that improve the heat transfer in double pipe heat exchanger to reduce its size [2]. Chen et al. [3] improve heat exchanger by dimples on the inner tube. Liao et al. [4], Bhuiya et al. [5] and Eiamsan et al. [6] used twisted perforated tape supported on circular tube to induce more amount of heat to transfer.
Theory
K-epsilon (k-ε) model is commonly used in Computational Fluid Dynamics (CFD). In the most cases, turbulent flow conditions applied in the simulation of the flow characteristics. Tow variables must take into account to determine the energy in the turbulence. The first is turbulence kinetic energy (k) and the second is turbulence dissipation (ε). The first is a measure of energy level in the fluid while the second shows the loss in that level [7].
Computational modeling 
The double pipe heat exchanger under study consists of two concentrating tubes. The inner and outer diameters of the inner tube are (16.05mm) and (19.05mm), and the inner and outer diameters of the bigger tube are (34.1mm) and (38.1mm) respectively. The length of the heat exchanger is (1000 mm). 
This study investigates effect of varying the outer surface area of the inner tube, so that; a given number of fins are added to the outer surface area of the inner tube, to increase the contact area. The performance and the initial cost of heat exchanger with and without fins are compared. 
Adding fins to the outer surface area of the inner tube reducing the space between the two concentrating tubes, so, it is expected that the fluid pressure drop increase.  Therefore, this variable should be taken in the consideration to reach the optimum design of the heat exchanger.
Six geometries of inner tube are studied; the number of fins for the first four geometries ranging from 4 to 10 fins, with an increment of 2 fins. While, the fifth and the sixth geometries consist of 13 and 16 fins, respectively. The thickness of the fin is kept constant at 2 mm. Two height of fin are studied, the first one is 3 mm and the second is 6 mm. Figures 2 and 3, as well as table show the number and the dimensions of the fins. 
The amount of metal used in manufacturing of the tube depends on its geometries, as well as the number of fins. That mean, the finned tube needs more metal as compared with that has no fins. In this work, the amount of metal that used in in manufacturing the heat exchanger is taken as initial cost indicator. The model is fully made of copper. The mass of additional metal can be calculated from multiplying of fins volume by copper density.
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Figure (1) fins height is 3 mm

In first group of the test, the height of the fins is kept constant at 3 mm, and the range of fins number is 4 to 16, as mentioned above. While, in the second groups of test, the height of the fins is changed to 6 mm, for the same range of the fins number. Figure (1) shows a heat exchanger with 8 fins of height 3 mm. a model exposed to computational analysis.

In heat exchangers, the fluid flow either in parallel or counter. The present attempt is to check system performance in parallel flow. The inner tube allows hot water flowing through, while the outer contain the cold one. The design is based on water velocity which must not less than (0.5 m/s) and not exceeds (1.5m/s). To achieve that condition, the mass flow rate of hot and cold water were (0.1 kg/s) and (0.3 kg/s) respectively.
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Figure (2) fins height 6 mm
Meshing

The method of meshing arrangement in Ansys workbench 15.0 was used for meshing the models as shown in the figure (3).
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Figure (3) computational meshing

The number of elements in the model were (500000) elements. This number chooses after the quality of the elements tested. When there is no changing in the results of the program and its outputs that mean the number of the elements are enough to do the study. The results of the program are not relatively changed when the number of the elements increased from (500000) to (1000000), so that; the first selection gives the same results and the shorter time taken by the program. 
Pure water is used as a working fluid. The density of water is (998.2) kg/m3 and specific heat is (4182) J/kg*°K. The hot water enters to the central tube at the temperature of 75 ̊C while the cold water enters the annular tube at the temperature of 30 ̊C. The important input data to the program are shown in the following table 1.
Table 1. Input data to the program

	Mass flow rate of cold water = 0.3 kg/s

Mass flow rate of hot water = 0.1 kg/s

Cold water inlet temperature = 30°C

Hot water inlet temperature = 75 °C 

	Fins No.
	Fin height (mm)
	Test group

	without
	 

3
	1

	4
	
	

	6
	
	

	8
	
	

	10
	
	

	13
	
	

	16
	
	

	without
	6
	2

	4
	
	

	6
	
	

	8
	
	

	10
	
	

	13
	
	

	16
	
	


Results
Figure (4) shows the effect of fins numbers and height on the pressure drop through the heat exchanger. The relation between pressure drop in the annual channel and numbers of fins gives the indication about the power loss during the tube shape changing. 
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Figure (4) the relation between pressure drop and number of fins
It can be seen from the figure that as the number of fins increases the pressure drop increases also, for the both fins height. Also, the fin height affects the pressure drop negatively. The increase in pressure drop is due to the reduction in the space between the two tubes.

As shown, the relation between pressure drop and the number of fins, when the fin height is 3 mm is a leaner relation, and can be simulated by the equation below:

          y = 25.835x +302.86 ………..… (1)

While, for the fin height of 6 mm, the relation is an exponential relation, as illustrated in the following equation:
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Where: y: the pressure drop (pa), x: number of fins.

To cause flowing of any fluid, it needs mechanical energy to that purpose [8]. The friction with tube walls will resist that process and dissipate energy. The loss in power can be determined by the following:
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Where:        : mass flow rate of water (kg/s),
     : mass density (kg/m3)

The difference in cold water temperature refers to the heat exchange between the two fluids. The rate of heat exchange between the two fluid can be calculated as follows;
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The initial cost of any system basely depends on the material used in manufacturing. In this research, the amount of material is a function of model geometry. As known, the number and dimension of fins affects this variable. The additional cost in this situation is just by material amount increment. The reference to this side of research is the first model which has no fins. The additional mass percentage can be finding as in the following:
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The mass of the model can determine by:

Model mass = metal volume * metal mass density

To illustrate all of above, it necessary to draw the relation between a number of model fins via additional mass percentage (as in figure 6) in each case to determine the general formula.
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Figure (5) initial cost increasing indicator

Formulas are shown below respectively:
y = -0.025x2 + 1.87x + 0.0386 ………….…. (5)

y = 0.0021x3 -0.12x2 + 3.8x + 0.0079 …….. (6)

The aim of fin adding to the heat exchanger is to raise heat gain which is a function of the surface area which in contact with the working material. Increasing of fins number will affect the amount of heat delivered. The relation between them is clearly shown below:
Equations (7 & 8) resulted from curves in the figure (7) for first and second situations respectively.
y = -2.77x2 + 106x + 3387.3 ………….……….. (7)

y = 0.263x3 – 10.4x2 + 193.83x + 3390.4 ……... (8)
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Figure (7) heat gain

As noted from the figure (5), the heat gains directly proportion with the number of fins. At the beginning, the large difference in heat gain between the models which have no fins and the others that contain fins on its surface. This difference minimized after 3ed model in both design.
Conclusion 
1. The results of the program are in the following table:

	Heat gain, w
	Percentage of additional metal mass, %
	ΔP
	Fins No.
	Fin height (mm)

	
	
	
	
	

	3387.42
	0
	323.5
	without
	 

	3763.8
	7.195853
	397.2
	4
	3

	3889.26
	10.41892
	445.3
	6
	 

	4140.18
	13.42562
	510.3
	8
	 

	4140.18
	16.23704
	555.6
	10
	 

	4265.64
	20.12771
	615.7
	13
	 

	4391.1
	23.67299
	745
	16
	 

	3387.42
	0
	323.5
	without
	6

	4014.72
	13.42562
	497.7
	4
	

	4265.64
	18.87161
	628.9
	6
	

	4391.1
	23.67299
	811.7
	8
	

	4516.56
	27.93781
	997.1
	10
	

	4767.48
	33.51052
	1419.9
	13
	

	4892.94
	38.2832
	1954.3
	16
	


2. Double pipe heat exchanger improving by using of longitudinal fins is depended on the profit in thermal energy delivered to the working material.

3. Additional metal mass that used in fin manufacturing will increase the initial cost of project.

4. Contact area increment will resist fluid flowing which lead to need more of mechanical energy to cause its flowing in the same rate.

5. Optimum design selection must pass through three points which are:

a. Initial cost increasing indicator (figure 6).

b. Pressure drop behavior (figure 5).

c. Heat gain (figure 7).
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