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ABSTRACT 

Shell-and-double concentric tube heat exchanger is one of the new designs that enhance 

the heat transfer process. Entransy dissipation is a recent development that incorporates 

thermodynamics in the design and optimization of heat exchangers. In this paper the concept of 

entransy dissipation is related to the shell-and-double concentric tube heat exchanger for the first 

time, where the experiments were conducted using hot oil with temperature of 80, 100 and 

120°C, flow rate of cold water was 0.667, 1, and 1.334 kg/m
3
 respectively and the temperature of 

inlet cold water was 20°C. The entransy dissipation rate due to heat transfer and to fluid friction 

or pressure drop was studied.  

Key Words: entransy, dissipation rate, heat exchanger, heat transfer enhancement, concentric 

tubes. 
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 أ.م.د. بسمت عباس عبذ المجيذ

 جاٍعح تغذاد -ميٍح اىهْذسح  –قسٌ اىهْذسح اىنٍٍَاوٌح 

 

 الخلاصت

عٍو عَيٍح اّرقاه هى احذ اىرصاٌٍٍ اىجذٌذج ىرف ّاتٍة اىَرَشمةج اىَرذاليحوالااُ اىَثاده اىحشاسي رو اىقششج 

هى ذطثٍق حذٌث.  اىَثيى اىَثادلاخ اىحشاسٌح شٍىداٌَْل فً عَيٍح ذصٌٍَالاّرشاّسً واىرً ذىظف اىث اىحشاسج.اُ عَيٍح ذثذٌذ

ة اىَرَشمةج اىَرذاليح ّاتٍاسي رو اىقششج والااىحش فً هزا اىثحث سىف ٌرٌ ذطثٍق ٍثادئ الاّرشاّسً عيى اىَثاده اىحشاسي

ً و ٍعذه جشٌاُ اىَاء °120و 100, 00حٍث ذَد دساسح اىرجاسب عْذ دسجح حشاسج اىةٌد اىسالِ ٍساوٌح ىـ , ولاوه ٍشج

مغٌ/ً 16334و 1و 0,,06اىثاسد ماُ 
3

ً. ذَد دساسح ٍعذه ذثذٌذ °20و دسجح حشاسج اىَاء اىثاسد اىذالو ٍساوٌح ىـ  

 الاّرشاّسً ّرٍجح اّرقاه اىحشاسج والاحرناك او اّخفاض اىضغط.

 جشمةرََالاّاتٍة اى, , ٍثاده حشاسي, ذعةٌة اّرقاه اىحشاسجٍعذه اىرثذٌذح: الاّرشاّسً, نيَاخ اىشئٍسٍاى
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1. INTRODUCTION 

A shell and double concentric tubes heat exchanger is a new invention in heat transfer 

devices that is used for transfer of internal thermal energy between three fluids at different 

temperatures (two hot flows and a cold flow H-C-H or opposite C-H-C). They are used in 

different industrial applications, where enhancement of heat transfer is needed in addition to 

increasing compactness. Accordingly, both weight and cost of the exchanger will be decreased to 

a good extent, ,Fadhil Abid A., 2013. 

The new heat exchangers differ in the use of double concentric tubes instead of the ordinary 

tubes used. The shell outside is the envelope of the double concentric tubes.  

Principally, the second tube (inner tube) improves heat transfer through an additional flow 

passage and a larger heat transfer area per the same length of heat exchanger. In this new heat 

exchanger the application of two different streams leads to new heat transfer area which is equal 

to the heat transfer area of shell-and tube heat exchanger plus of inner tubes heat exchange area 

     First fluid (the same temperature level or the same nature as the third fluid) enters and is 

distributed between the shell and inner tubes. Whereas second fluid penetrates into annulus 

shape formed with the inner tubes and the second tube sheet.  

Heat transfer enhancement is considered to have great role in the studies of the scientists 

since it affects the energy consumption all over the world. Studies led to different developments 

like heat transfer optimization and entransy dissipation for describing the heat transfer ability and 

irreversibility of heat conduction, respectively ,Zeng-Yuan et al., 2007. and ,Mingtian, 2011. 

,Guo et al., 2007. defined a new physical quantity called entransy. They also defined heat 

transfer potential capacity and heat transfer potential capacity dissipation function ,Guo et al., 

2003. and ,Chen, 2012. By analogy between heat conduction process and electrical conduction 

process, a new term called entransy which can describe total heat transfer ability was introduced 

by ,Zeng-Yuan et al., 2007. 

,Guo et al., 2008.  introduced an entransy dissipation number. They non-dimensionalized 

the entransy dissipation of heat exchanger. This can be used as thermodynamic figure to assess 

heat exchanger performance. 

 ,Guo et al., 2010. defined an equivalent thermal resistance of a heat exchanger based on 

the entransy dissipation rate. They developed relationships between heat exchanger effectiveness 

and the thermal resistance which can be used to compare the irreversibility of a heat exchanger 

and its effectiveness. 

,Xiaodong et al., in 2011. defined in their work the heat exchanger thermal resistance 

basing their work on entransy dissipation rate. They based the results on that the minimum 

entransy dissipation resistance corresponds to the highest heat transfer rate. 

,Li Xuefang et al., in 2011. studied the optimization of a water-water counter current 

heat exchanger based on the entransy dissipation rate. They showed that increasing heat transfer 

area will reduce the irreversible dissipation in the studied heat exchanger. 

,Mingtian, 2011.  showed that entransy is a state variable which may be employed to 

describe the second law of thermodynamics. 

,Mingtian, 2011. wrote a chapter studying the entransy dissipation theory and its 

application in heat transfer; convection and heat exchangers. 

,Liu et al., in 2011. showed in a study that the considering the principle of entransy 

decrease in processes of heat transfer, that entransy would never increase when heat is 

transferred from higher to lower temperature in both equilibrium or non-equilibrium states. 

,Xuetao, and ,Xingang in 2012. showed that for any thermodynamic process, it is found 

that some of net entransy flow from the heat sources is dissipated during process of heating or 

cooling of the working fluid and the other part is lost in doing work process. 
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,Jiangfeng and ,Mingtian, 2012. studied the optimization of heat exchanger using 

entransy dissipation theory and genetic algorithm. 

,Chen, in 2012. summarized in his study entransy theory and its applications on heat 

conduction, heat convection, heat radiation, and heat exchanger design etc. 

,Xuetao et al., in 2012. developed expressions of entransy dissipation, entransy 

dissipation based thermal resistance and entropy generation using the assumptions of 

incompressible fluids, ignored the influence of viscous dissipation on entransy and they assumed 

that there is no heat exchange between environment and the considered heat exchanger. 

,Xuetao and ,Xingang, 2013. discussed the entransy expressions on thermodynamic 

laws. For the first law they showed that any thermodynamic system is in balance. The entransy 

expression for the second law of thermodynamics showed that entransy flow will not be 

transported from low temperature level to a higher one. Considering the third law of 

thermodynamics, the entransy expression showed that it is impossible to reach zero entransy for 

anybody. 

,Xuetao and Xingang, 2013. used concepts of entropy generation and heat entransy loss 

to analyze the conversion of heat-work and heat transfer processes.  

,Jia et al., 2014. studied the convective heat transfer optimization based on minimum 

entransy dissipation. Heat transfer is enhanced at relatively small flow resistance. This indicates 

that the investigated optimization method is useful in design of heat transfer enhancement.  

,Puranik and ,Maheshwari, 2014. introduced a new heat exchanger design based on 

minimized entransy dissipation number which yields higher performance great savings in terms 

of energy and protection of environment.  

,Kim and Kim, 2015. showed that the minimum entropy generation or the entransy 

dissipation does not represent the optimum performance for a counter-flow heat exchanger while 

the minimum entransy dissipation-based thermal resistance corresponds to the maximum heat 

transfer rate. It is found that the behavior of entropy generation is very similar to that of entransy 

dissipation.  

The aim of the present research is the application, calculation and analysis of the concept 

of entransy dissipation rate to shell and double concentric tube heat exchanger at certain 

conditions. 

 

2. THEORETICAL BACKGROUND 

Entransy can be related to enthalpy by the following equations, ,Mingtian, 2011. 

 

                                     (1) 

      ̇                                   (2) 

 

 The shell and double concentric tube heat exchanger is assumed to work under adiabatic 

condition. 

 Entransy dissipation rate as a result of heat conduction in the considered heat exchanger 

can be written for the shell side as: 
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while for the outer tube it can be written as: 
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and finally for the inner tube side: 
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And the equation for the total entransy as a result of heat transfer is: 

 ̇    ̇    ̇    ̇   
 

 
  ( ̇   ) (         

             
 )    

 
 

 
( ̇   ) (         

             
 )                           (6) 

 

 Since the hot oil is divided into two parts, one part flows in the shell side and the other 

part flows into the inner tubes, and since the temperature readings represent the inlet one of the 

hot oil while the outlet one represents the hot oil reading after mixing the two streams of hot oil, 

then the first two terms can be added together and equation (6) can be written as: 

 

 ̇   (    )  (         
             

 )  
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 )                              (7) 

 

Flow friction in heat exchanger causes also entransy dissipation rate. Assuming a finite 

pressure drop between inlet and outlet sides, and the flow is adiabatic and stationary. Then: 

 

                             (8) 

 

And the entropy dissipation rate due to friction is given by: 

 

 ̇   ∫  ̇
       

      

 

 
                   (9) 

 

 Replacing the temperature with the logarithmic mean temperature difference, assuming 

incompressible fluid: 

 

 ̇   
  ̇         

 
                (10) 

 

where:                         
   

 Considering the shell and double concentric heat exchanger studied, the entransy 

dissipation rate due to friction is given by the following equation: 
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 As mentioned above, the first two terms of equation (11) can be added to give the 

following equation: 
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 The total entransy dissipation rate due to both heat transfer and fluid friction can be 

written as: 

 

 ̇        ̇    ̇                (13) 

   

 The entransy dissipation number can be introduced as the heat exchanger performance 

criteria, where: 

 

 ̇ 
   

 ̇ 

 ̇(                   )
               (14) 

 

where,           and           represent the maximum hot inlet temperature and the minimum cold 

inlet temperature, respectively. 

  

 According to Li Xuefang et al in 2011, eq. (14) can be written in another form as: 
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where,      
                         

                                   
 

 

 3. EXPERIMENTAL WORK 

The laboratory unit of the shell and double concentric tube heat exchanger was built in the 

laboratories of Chemical Engineering Department, College of Engineering, University of 

Baghdad. It included: the heat exchanger, tanks with their heating coils to heat the oil, water 

tank, measuring instruments and control panel of temperature, flow rate and pressure drop. The 

heat exchanger was designed to perform counter currently, where the hot oil passed through the 

concentric tubes and the shell, while the cold water passed through the new construction or the 

annulus formed between the concentric tubes. The heat exchanger unit was built in the 

laboratories of Chemical Engineering Department, College of Engineering, University of 

Baghdad. 

The new heat exchanger design was conducted according to Kern method. The volumetric 

flow rates were 4 m
3
/hr and 8.35 m

3
/hr for the hot oil and water respectively. The hot oil inlet 

temperature to the heat exchanger was 80ºC to 120ºC, while for water the inlet and outlet 

temperatures was 20ºC. 

The experimental parameters studied were: temperature, flow rate of hot oil, and pressure 

drop. The temperatures studied were: 80ºC to 120ºC with an increase of 20ºC for each stage. For 

each temperature, the volumetric flow rate of hot oil was changed from 0.822 kg/m
3
 to 0.274 

kg/m
3
. For cold water, the change in volumetric flow rate of water was 40l/min to 80l/min with 

an increase of 20l/min for each stage. 
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       The test section was a shell- and - double concentric tube heat exchanger with 

dimensions of 1.3 m in length and 1.08 m effective tube length. 

The shell and double concentric tube heat exchanger was designed for counter flow 

configuration. The heat exchanger constituted of: a bundle of 16 carbon steel tubes of 20 mm 

inside diameter and 25 mm outside diameter was used; the tubes are distributed as a triangular 

30

 tube pattern. The clearance between two adjacent tubes is 6.25 mm, with the tubes pitch of 

31.25 mm. A second bundle of 16 carbon steel tubes of 6 mm inside diameter and 10 mm outside 

diameter, were added concentrically in each of the mentioned tubes.      Plate of carbon steel with 

8 mm thickness was used to construct the shell. The shell inner diameter is 203 mm, and the 

shell outer diameter is 220 mm. Baffles of thickness 6 mm were spaced by a distance of 100 mm. 

The free section left was of 25%. Two fluids were used to complete the cycle of the heat 

exchanges. The first one which passed through the shell side and the inner tubes side is forty 

stock oil (lube oil) from Dorra Refinery, while the other counter current stream is water. Figure 

(1) shows the concentric tubes arrangement of the heat exchanger studied. 

      The parameters to be measured during the test were: 

1. The inlet and outlet temperatures of the tube side (inner and annulus) and shell side. 

2. The inlet and outlet pressures of the tube (inner and annulus) side and shell side.  

3. The flow rates of the tube side and the shell side. 

The cold and hot oil are switched at the same time and the required flow rate was set. 

 After reaching the steady state conditions, the flow rate of cold water in the annulus is 

fixed, and the hot oil temperature is set by a thermostat. The range of hot oil temperature studied 

is 120-80°C with a step change of 20°C. The flow rate of hot oil is regulated. The temperatures 

of water are recorded with the variation in flow rate. The inlet and outlet pressures are also 

measured. The procedure was repeated with the change in flow rate of cold water. 

 

4. RESULTS AND DISCUSSION 

Table (1.a) to table (3.c) give the results of equation (7) for different inlet oil 

temperature, constant flow rate of cold water and inlet temperature of cold water. 

Plotting the entransy dissipation rate of table (1.a) to table (3.c) against the outlet 

temperature of the hot stream, an increase in the entransy dissipation rate is pronounced with the 

temperature as shown in Fig. 2 to Fig. 10.  

 Fig. 2 to Fig. 10 shows that there is almost a unique trend, where an increase at 

the beginning, a maximum value and finally a decrease is noticed. This is in accordance with an 

increase in the heat transfer process with the flow of the hot oil in both the inner tubes and the 

shell counter-currently with the cold water in the annulus. It must be known that the entransy is 

dissipated due to the irreversibility of the heat transfer process. Also, it should be noted that 

increasing or improving the heat transfer performance of a heat exchanger normally corresponds 

to an increase in its heat transfer area and to a reduction in its cost due to the decrease in its mass 

or compactness. The newly used heat exchanger provides all the above mentioned parameters. 

From figures 2 to 10 it can be deduced that the higher the entransy dissipation rate the smaller is 

the reversibility in the heat exchanger. This was in agreement with ,Jiangfeng, and Mingtian, 

2012.   
 

The hot oil flow rate was plotted vs. entransy dissipation rate in Fig.11. The dissipation 

rate shows the same trend, where a maximum is noticed for a certain value of flow rate. 

According to ,Li Xuefang et al., in 2011. the reduction in the irreversible entransy dissipation 

rate is gained by increasing the heat transfer area with the minimum possible flow rate. 
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 Using Eq.(12), the entransy dissipation rate due to friction effect or pressure drop across 

the heat exchanger is shown in Fig.12. It is shown that a small difference is found for all the 

experiments. 

Comparing the values of entransy dissipation rate due to heat transfer with that due to 

pressure drop shows that the last can be neglected. This proves that heat transfer plays the great 

role in calculation of entransy dissipation rate. These findings were in agreement with 

,Jiangfeng and ,Mingtian, 2012. viewpoint. Thus it is important to optimize the heat exchanger 

design according to the heat transfer process. 

It is must be noticed that to get the most optimum thermodynamically performance of a 

process, it is very important to minimize the entransy dissipation rate. Thus working in the range 

before maximum values in figures 2 to 11 will give such phenomena. 

Entransy dissipation number can be calculated from Eq.(14). The results are represented 

in Fig. 13. The figure showed that entransy dissipation number values ranged from 3 to more 

than 9. The figure also showed that the values of entransy dissipation number decreased with the 

increase in heat transfer rate for the cases studied (80°C hot oil inlet temperature, 20°C cold 

water inlet temperature and three values of cold water flow rate; 0.667, 1 and 1.334 kg/s). 

According to ,Guo JiangFeng et al., 2009. the decrease in the entransy dissipation number leads 

to an increase in the effectiveness of the heat exchanger. Or, it can be said that increasing the 

entransy dissipation number will increase the effectiveness of the heat exchanger. Considering 

the thermodynamics point of view of this process, entransy dissipation number can be used to 

assess the performance and effectiveness of such heat transfer process.    

 

5. CONCLUSIONS 

 A study was made to analyze the idea of entransy dissipation rate on a shell and double 

concentric tubes heat exchanger. The study included both entransy dissipation rate due to heat 

transfer and that due to friction or pressure drop. It was found that the first played the greatest 

role in the calculations in comparison to that of friction or pressure drop. 

 The study also showed that there was a decrease in the value of entransy dissipation 

number with the increase in heat transfer rate, which emphasize the increase in the effectiveness 

of heat exchanger. 
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NOMENCLATURE 

 

Cp = specific heat, J/Kkg 

E = Entransy 

 ̇  = Entransy Dissipation Rate due to friction or pressure drop, WK 

 ̇  = Entransy Dissipation Rate due to heat transfer, WK 

 ̇      = Total entransy dissipation, WK 

 ̇ 
  = Entransy dissipation number 

 ̇ = Mass flow rate, kg/s 

 ̇ = Heat transfer rate, J/s 

T = Temperature, K 

         = Hot oil inlet temperature, K 

           = Hot oil outlet temperature, K 

         = Cold water inlet temperature, K 

         = Cold water outlet temperature, K 

   = Pressure drop, Pa 

ρ = Density, Kg/m
3 

ε = Heat exchanger effectiveness 

 

 

Table (1.a) Entransy dissipation rate for hot oil inlet temperature of 80˚C, 0.667 kg/m
3
 flow rate 

of cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside, 

 K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 300 322 25.33 

0.685 299.5 321 26.17 

0.548 299 317 23.27 

0.411 298 314 18.71 

0.274 297 309 13.75 

   

Table (1.b) Entransy dissipation rate for hot oil inlet temperature of 100˚C, 0.667 kg/m
3
 flow 

rate of cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 302 331.5 20.52 

0.685 301 329 21.02 

0.548 300 328 18.01 

0.411 299 325 14.24 

0.274 298 320 11.19 
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Table (1.c) Entransy dissipation rate for hot oil inlet temperature of 120˚C, 0.667 kg/m
3
 flow 

rate of cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 305 335 11.73 

0.685 303 332 12.73 

0.548 302 329.5 11.3 

0.411 301 328 8.315 

0.274 300.5 324 5.28 

 

Table (2.a) Entransy dissipation rate for hot oil inlet temperature of 80˚C, 1 kg/s flow rate of 

cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6

 

0.822 301.5 330 26.8 

0.685 300 326 27.55 

0.548 299 324 25.5 

0.411 298 322 19.61 

0.274 297 316 14.69 

 

Table (2.b) Entransy dissipation rate for hot oil inlet temperature of 100˚C, 1 kg/s flow rate of 

cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 299.5 321 17.01 

0.685 298.5 318 18.14 

0.548 297 314 15.55 

0.411 296.5 312 12.18 

0.274 295.5 307 9.55 

 

Table (2.c) Entransy dissipation rate for hot oil inlet temperature of 120˚C, 1 kg/s flow rate of 

cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 304 333 10.25 

0.685 302 330 11.78 

0.548 300.5 326 12.15 

0.411 299.5 323 9.74 

0.274 298 318 7.56 

 

Table (3.a) Entransy dissipation rate for hot oil inlet temperature of 80˚C, 1.334 kg/s flow rate of 

cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 299 320 28.07 

0.685 297.5 316 28.79 
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0.548 297 314 23.85 

0.411 296 311 19.54 

0.274 295 306 14.84 

 

Table (3.b) Entransy dissipation rate for hot oil inlet temperature of 100˚C, 1.334 kg/s flow rate 

of cold water and 20˚C inlet temperature of cold water. 

M1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 301 329 16.07 

0.685 299.5 326 17.6 

0.548 298.5 323 14.66 

0.411 297 319 13.47 

0.274 296 315 9.92 

 

Table (3.c) Entransy dissipation rate for hot oil inlet temperature of 120˚C, 1.334 kg/s flow rate 

of cold water and 20˚C inlet temperature of cold water. 

m1, kg/m
3

 

T3outside,  

K 

T1outside, 

 K Entransy dissipation rate*10
-6 

0.822 302 332 10.32 

0.685 301 329 10.69 

0.548 300 325 10.63 

0.411 299 322 8.46 

0.274 297 317 7.53 

 

 

 
 

Figure 1 The concentric tubes arrangement. 
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      Figure 2. Entransy dissipation rate vs.                     Figure 3. Entransy dissipation rate vs. 

       T1outside for 0.667 kg/s flow rate and                        T1outside for 0.667 kg/s flow rate and 

      20˚C inlet temperature of cold water.                       20˚C inlet temperature of cold water. 

 

 
      Figure 4.  Entransy dissipation rate vs.                   Figure 5. Entransy dissipation rate vs.  

              T1outside for 0.667 kg/s flow rate and                         T1outside for 1 kg/s flow rate and 20˚C 

              20˚C inlet temperature of cold water.                            inlet temperature of cold water. 

 

 
      Figure 6. Entransy dissipation rate vs.                      Figure 7. Entransy dissipation rate vs. 

          T1outside for 1 kg/s flow rate and 20˚C                     T1outside for 1 kg/s flow rate and 20˚C   

              inlet temperature of cold water.                              inlet temperature of cold water.  
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        Figure 8.  Entransy dissipation rate vs.                     Figure 9.  Entransy dissipation rate vs. 

           T1outside for 1.334 kg/s flow rate and                         T1outside for 1.334 kg/s flow rate and   

            20˚C inlet temperature of cold water.                      20˚C inlet temperature of cold water.   

 

 

 

 
Figure 10.  Entransy dissipation rate vs. T1outside for 1.334 kg/s flow rate and 20˚C inlet 

temperature of cold water. 

 

 
Figure 11.  Entransy Dissipation Rate vs. Hot Oil Flow Rate. 
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Figure 12. Entransy Dissipation Rate of friction factor vs. Hot Oil Flow Rate. 

 

 
Figure 13. Entransy Dissipation number vs. Heat transfer rate. 
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