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ABSTRACT 
 

In order to reduce the emission of carbon mono oxide some of the researchers have inserted the pure water inside 

the combustion chamber at the start of the expansion stroke. Water inserted inside the chamber get instantly 

vaporize, due to this the pressure during the expansion stroke get increased. With the help of this increased pressure, 

work done during cycle gets increased. Also with the insertion of water inside the combustion chamber reduces the 

value of carbon mono oxide content in the exhaust gas. Here carbon reacts with oxygen and produce CO2. During 

vaporization of water both sensible as well as latent heat are required, which is extract from the combustion chamber 

to reduce the thermal efficiency of engine. So in order to reduce the amount of heat requirement and to increase the 

overall efficiency of the engine, heat exchanger is used in internal combustion Rankine cycle. Here heat exchangers 

extract heat from the exhaust gases and transfer to pure water used inside the combustion chamber. Here in this 

work the effect of different flow patterns on heat exchanger has been analyzed. Also, investigated the effect of mass 

flow rate of water inside the tube. Furthermore, the effectiveness and overall heat transfer coefficient of heat 

exchanger.   

Keywords: CFD analysis, Heat exchanger, flow pattern, Oxy-fuel combustion, water injection, waste heat recovery. 

 

I. INTRODUCTION 

 

Heat exchanger is a device which is mostly used in 

equipment to transfer heat between two process streams 

which may be in direct contact or may flow separately 

in channels or tubes [1]. We find numerous applications 

and one can realize their usage that any process which 

involves cooling, heating, condensation, boiling or 

evaporation will require a heat exchanger for these 

purposes [4]. Similarly the heat exchangers used in 

automobile industries are in the form of radiators and oil 

coolers in engines [3]. Heat exchangers are also used in 

large scale in chemical and process industries for 

transferring the heat between two fluids which are at a 

single or two states [2]. 

 

 1.1 Type of Heat Exchanger 

1.1.1 Direct contact type- 

Direct contact type heat exchangers are the heat 

exchanger in which two immiscible fluids are directly 

mixed with each other to transfer heat between two 

fluids [7]. The efficiency of this type Heat exchanger is 

more compared to other type heat exchangers. Cooling 

tower, jet condenser, de-super heaters, open feed water 

heater are the example of this type of heat exchanger [7].  

 

1.1.2 Transfer type- 

Transfer type or Recuperate type heat exchanger two 

fluid flows simultaneously through two tubes separated 

by walls [7].  

1.1.3 Regenerator type-  

Regenerator type heat exchanger the hot and cold fluid 

flow alternatively on same surface. During the hot fluid 

transfer the wall of exchanger get heated and when the 

cold fluid flows through it, this heat get transferred from 

the wall of the heat exchanger to the cold fluid so that 

the temperature of cold fluid increases [7]. The common 

examples of these type heat exchangers are pre-heaters 

for steam power plant, blast furnace etc [7]. 

1.2 Developing the Solid Model of Heat Exchanger 

Here the solid model of shell and tube type heat 

exchanger is developed on the basis of the geometry of 
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heat exchanger used in the experimental analysis 

performed by zhijun et.al [8]. 

 

 
Figure 1. Showing the Heat Exchanger [6] 

Here the solid model of heat exchanger is drawn on 

ANSYS and then it is analyzed in the fluent module. 

The workbench of the ANSYS is shown in the   fig. 2 

 

 
 

Figure 1. Showing the Development of the Solid Model 

of Heat Exchanger 

 

The solid model of the heat exchanger, which is used 

for the numerical analysis in the work, is shown in the 

fig. 3 

 

 
Figure 3. Showing the Solid Model of the Heat 

Exchanger 

 

Here in this analysis the geometrical dimension of the 

heat exchanger is based on the experimental heat 

exchanger used by the author in the base paper [8]. The 

geometric dimension of the heat exchanger is shown in 

the table 1. 

Table 1. Showing the Geometric Dimension of the Heat 

Exchanger 

Parameter Values 

Heat Transfer Area 0.848 m
2
 

Tube Numbers 9 

Tube Length 1m 

Tubes Center 0.02 m 

Tube Diameter 0.03 m 

Tube Thickness 0.0005 m 

Shell Diameter 0.3 m 

Shell Thickness 0.003 m 

 

II. MESHING 
 

In order to perform the numerical analysis first it 

distributes the complete body into the small size of the 

element [5]. Here during the meshing inflation 

command is used in order to deal with the critical zone 

in highly complicated geometry. The meshing of the 

given solid model of the heat exchanger is show in the 

fig. 4 and fig. 5. 

 

 
 

Figure 4. Showing the Mesh of the Heat Exchanger 

 

 
Figure 5. Showing the Mesh of the Heat Exchanger 

 

Here in this section first it gives the name to different 

component of the heat exchanger and also defined the 

cell zone condition of different section [6]. Here in this 
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analysis the outer shell tube is made of the aluminum. 

The material properties of the aluminum are shown in 

the given table 2. 

 

Table 2. Showing the Material Properties of Aluminum 

 

Parameter Values 

Density (kg/    2719 

Specific Heat (J/kg-K) 871 

Thermal Conductivity (w/m-K) 202.4 

 

Whereas the inner tube through which the cold water at 

very high pressure is flowing is made from copper [9]. 

Here in this analysis the hot exhaust gas is flowing 

inside the shell tube whereas the cold water is flowing 

inside the inner tube of the heat exchanger. So the 

material properties of the copper is shown in the below 

table 3. 

 

Table 3. Showing the Material Properties of Copper 

 

Parameter Values 

Density (kg/    8978 

Specific Heat (J/kg-K) 381 

Thermal Conductivity (w/m-K) 387.6 

 

III.  METHODOLOGY AND BOUNDARY    

CONDITIONS   

 

In this analysis exhaust gases coming from the engine 

are used as a heating agent inside the heat exchanger. 

The heating gases is at near about        [8], with the 

help of heat exchanger heat is transfer from the exhaust 

gas to the water which is used to feed inside the 

combustion chamber. Here in this analysis heat first 

transfer from exhaust gas to the inner tube outer surface 

through convection, inside the tube through conduction 

and then from tube inner surface to water through again 

convection [10]. The water is inserted into the heat 

exchanger at 299.85 K temperature and at 20 MPa 

pressure [8]. 

 

Different conditions applied at the heat exchanger are 

shown in the table 4. 

 

Table 4. Showing the Boundary Condition 

 

Parameters Value 

Inlet Water 

Temperature 

299.85 K 

Inlet Water Pressure 20 Mpa 

Inlet Exhaust Gas 

Temperature 

1673 K 

Inlet Mass Flow Rate 

of Exhaust Gas 

0.04 kg/s 

 

IV. RESULTS AND DISCISSION 
 

Here in this analysis, in order to increase the 

performance of the heat exchanger used inside the 

Rankine cycle different flow pattern of heat exchanger 

with different mass flow rate of fluid were analyzed. In 

this research three different types of flow pattern that is 

parallel flow, counter flow and cross flow are used. The 

effect of different mass flow rate that is 0.02, 0.03 0.04, 

0.05, 0.06 and 0.07 kg/s of fluid on all the three types 

flow pattern of heat exchanger has been observed. 

Furthermore, the effect of different mass flow rate on 

different flow pattern has been analyzed to obtain the 

best result.    

 

4.1 Parallel Flow 

 

Here in this case parallel flow type of heat exchange is 

consider, here in this type of flow pattern the exhaust 

gas and the water fluid are flowing in the same direction 

[11]. During the analysis the mass flow rate of the water 

is 0.02 kg/s. the temperature distribution of the water 

inside the inner tube is shown in the fig. 6. 
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Figure 6. Showing the Contour of the Temperature for 

the Parallel Flow 

The temperature distribution throughout the heat 

exchanger the maximum temperature at the exit of the 

water is near about 330 K for the case having the 

parallel flow during the operation [10]. From the above 

analysis it is conclude that the temperature at the exit of 

the water is less, so in this case the transfer of heat from 

the exhaust gas to the water is less. For this case it has 

also analyzed the temperature distribution inside the 

water tube. The temperature distribution inside the 

water is shown in the fig. 7.  

Likewise the above case of parallel flow for mass flow 

rate 0.02 kg/s, it also analyzed the parallel flow analysis 

for two other mass flow rate that is 0.03, 0.04, 0.05 and 

0.06 kg/s. the temperature obtained during the analysis 

at different mass flow rate is shown in the table 5. 

 
Figure 7. Showing the Temperature Distribution inside 

the Water for Parallel Flow 

 

4.2 Counter Flow  

 

Here in this case Cross flow type of heat exchange is 

consider, here in this type of flow pattern the exhaust 

gas and the water fluid are flowing in the opposite 

direction to each other [12]. During the analysis the 

mass flow rate of the water is 0.04 kg/s the temperature 

distribution of the water inside the inner tube is shown 

in the fig. 8. 

 
 

Figure 7. Showing the Temperature Distribution 

Inside the Heat Exchanger 

 

From the above result is analyzed that the temperature 

of water at the exit of the heat exchanger is near about 

522 K, during this case the mass flow rate of the water 

is 0.04 kg/s. The temperature distribution inside the heat 

exchanger for this case is shown in the fig. 9. 

 

 
 

Figure 8.  Showing the Temperature Distribution at the 

Inlet and Exit of the Heat Exchanger 

 

From the above analysis it is found that the value of 

water temperature at the exit of the heat exchanger is 

near about 522 K. Heat transfer analysis having 

different mass flow rate is also analyzed in the counter 

flow case in Table 5. 

 

4.3 Cross Flow  

 

Here in this case cross flow type of heat exchange is 

consider, here in this type of flow pattern the exhaust 

gas and the water fluid are flowing at the     direction 

to each other [14]. During the analysis the mass flow 

rate of the water is 0.04 kg/s. From the above the 

analysis it is clear that the value of the water 

temperature at the exit of the heat exchanger during the 

cross flow is maximum at 0.06 kg/s mass flow rate. 

During the section of cross flow analysis it is find that 
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as the mass flow rate increases the value of the 

temperature at the exit of the heat exchanger is also 

increasing. The comparison Table 5 in between the all 

pattern of flow is. 

 

Table 5. Showing the Comparison of Temperature at 

Different Mass Flow Rate at Different Pattern 

 

 

Flow 

Pattern 

 

Mass Flow 

Rate (kg/s) 

Temperature of 

Water at the Exit 

of Heat 

Exchanger (k) 

 

 

Parallel 

Flow 

0.02 330 

0.03 368 

0.04 417 

0.05 469 

0.06 494 

0.07 501 

 

 

Counter 

Flow 

 

0.02 403 

0.03 458 

0.04 522 

0.05 589 

0.06 624 

0.07 634 

 

 

Cross Flow 

 

 

0.02 457 

0.03 527 

0.04 629 

0.05 733 

0.06 781 

0.07 789 

 

 
Graph 1 Showing the Comparison of Water at Exit 

Temperature in Respect to Mass Flow Rate 

From the Graph 1, it is analyzed that the as the mass 

flow rate increases in any of the flow pattern inside the 

heat exchanger, the value of the water temperature at the 

exit of the heat exchanger also goes on increasing. And 

out of the three different pattern of flow it is clear that 

the cross flow is more efficient other than the parallel 

and counter flow [13].  

 

Based on the analysis it is found that the value of heat 

transfer get increase as the Reynolds number increases 

[15]. From the graph 2 it is shows that the heat transfer 

is higher in case of cross flow as compared to the 

parallel and counter flow at same Reynolds number. 

 

 
Graph 2. Showing the change in Heat Transfer for 

Different Flow Pattern at Different Reynolds Number 

 

It is found that as the Reynolds number increases the 

value of heat transfer get increases. It shows that as the 

Reynolds Number increases above 2000 the liquid flow 

behavior changes from lamina to turbulent flow and 

from graph it shows that, as the turbulence increases the 

rate of heat transfer from the exhaust gas to water get 

increases. Through graph, it also found that at the same 

Reynolds Number the value of heat transfer rate for 

cross flow is more as compared to the parallel and 

counter flow type heat exchanger. 

 

4.4 Effectiveness  

 

Here in this work we have also calculate the value of 

effectiveness of heat exchanger for different flow 

pattern of heat exchanger [15]. The effectiveness of 

different flow pattern is shown in the Graph 3. 
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Graph 3. Showing the Comparison of Effectiveness for 

Different Mass Flow Rate 

 

V. CONCLUSIONS 
 

As the heat exchanger is used in the Rankine cycle, its 

work is to extract heat from the exhaust gas coming 

from the combustion chamber of the engine and give it 

to the water which is used as to feed inside the 

combustion chamber in order to increase the pressure 

inside the combustion chamber. After analysis the 

different case following conclusion obtained 

i. It is found that the value of water temperature at 

the exit of the heat exchanger can be increase by 

approaching with the different flow pattern and 

different mass flow rate of fluid.  

ii. Here it has analyzed the three different pattern of 

flow that is parallel flow, counter flow, cross flow 

with varying mass flow rate. 

iii. It is found that as the mass flow rate increases the 

heat transfer from the exhaust gas to water is also 

increase, due to this the temperature of water get 

increased 

iv. As the direction of the flow of both fluid changes 

the heat transfer in between exhaust gas and water 

also changes. 

v. From the above the analysis it is clear that the 

value of the water temperature at the exit of the 

heat exchanger during the cross flow is maximum 

at 0.06 kg/s mass flow rate. 

 

During the section of cross flow analysis it is find that 

as the mass flow rate increases the value of the 

temperature at the exit of the heat exchanger is also 

increasing. 
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