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ABSTRACT 

Heat exchangers are devices that facilitate heat transfer between two or more fluids at different temperature. Many types of 

heat exchanger have been developed for using at varied levels of technological sophistication and air to water heat exchanger is 

one of them. This paper investigates the performance of an air to water heat exchanger using experimental and numerical 

techniques and determines its heat transfer characteristics, logarithmic mean temperature difference (LMTD), heat exchanger 

efficiency etc. Inside the exchanger hot air passes through a specially prepared copper tube which is accurately centered inside 

a brass tube to form the annulus along which the cooling water flows. Some readings of steady state condition have been taken 

for parallel and counter flow by changing air flow rate where other parameters were constant. For numerical simulation, the 

heat exchanger has been drawn by using a CAD software and it has been simulated by using Autodesk® Simulation CFD 

2015. Graphical representations for both the cases (parallel and counter) has been analyzed here. The simulation results of the 

air to water heat exchanger behavior had well agreement with the available experimental data. Efficiency improvement might 

be seen as a profound concern in future analysis of this paper. 
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1. Introduction  

Heat transfer science is concerned with the analysis of 

the rate of heat transfer taking place in a system. It has 

long been established by observation that when there is 

a temperature difference in a system, heat flows from 

the region of high temperature to that of low 

temperature. There are a lot of heat transfer applications 

available in our practical world. In practice the most 

common advantageous example is heat exchanger. Heat 

exchanger is a device that exchange heat between hot 

and cold fluid. Various heat exchanger applications are 

available such as boiler, condenser, water heater, 

automobile radiator or cooling coil, refrigeration, air 

conditioning etc. Different types of classification of heat 

exchangers available in engineering practice are widely 

discussed on Froas and Ozisik [1] Walker [2] and Kakac, 

Shah, and Bergles [3]. Heat exchangers can be classified 

based on the transfer process, compactness, construction 

type, flow arrangement and heat transfer mechanism [4], 

[7]. Heat exchanger performance is one of the most vital 

term in heat research field because of its vast range of 

applications. Numerous researches have been done 

already about the performance of heat exchanger. 

In Vindhy Vasiny Prasud Dubey and Ray Rajat Verma 

[5] the performance of a shell and tube type heat 

exchanger under the effect of varied operation condition 

was analyzed and it was seen that the computational 

results were almost same compared with the 

experimental results. 

Ozzbilin Guraras and Yusuf Ali Kara [6] made a 

computer based design model for a shell-tube heat 

exchanger. In that exchanger single phase fluid flows on 

both shell and tube side. According to the conclusion of 

that paper, circulating cold fluid in shell side and hot 

fluid in tube side is advantageous. 

In this paper, a tube to tube heat exchanger is selected 

because tube to tube heat exchanger is one of the most 

advantageous for its simplicity and cheapness. The 

specified heat exchanger’s performance is analyzed and 

compared here both experimentally and numerically. 

 

2. Experimental analysis 

The apparatus is a concentric pipe heat exchanger in 

which hot air flowing through the center tube is cooled 

by water flowing in the annulus (Fig.1). The direction of 

water was reversed to study both parallel and counter 

flow condition where air temperature, water flow rate 

were taken constant except the air velocity. The overall 

heat transfer coefficient can be determined for the heat 

exchanger either directly or by considering the heat 

transfer coefficient of the air to tube and tube to water 

separately. An electrically driven variable speed fan 

supplies filtered air and the air is heated by an electric 

heater under variable resistor control. The air leaving 

the heater passes through an isothermal approach length, 

in which the temperature and velocity are stabilized 

before entering the section. The inner test pipe is 

prepared by copper which is accurately centered inside a 
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brass tube to form the annulus along which the cooling 

water flows. Air leaving the test section passes through 

a 2nd isothermal length which ensures that exit 

condition doesn’t affect the flow. Thermo-couple is 

provided to measure the air temperature and mercury 

thermo-meter is used to measure water temperature. 

Two manometers are used to measure the static pressure 

at inlet and the pressure drop along the tube. A 

calibrated measuring beaker and stop watch are used to 

measure the flow rate of water. A number of steady 

state reading has been taken for both parallel & counter 

flow. 

 

2.1 Equations 

LMTD (log mean temperature difference)=  

Heat loss by air Qh=maCPa∆ta 

Heat gain by water Qc =mw Cpw∆tw 

 

 
Fig.1 Experimental setup. 

 

3. Numerical analysis 

The commercial code Autodesk® Simulation CFD 2015 

was adopted to simulate a three-dimensional steady-

state turbulent flow and heat transfer in the 

computational model. It employs the FEM to reduce the 

governing partial differential equations (PDEs) of a 

CFD problem to a set of algebraic equations. 

Autodesk® Simulation CFD uses segregated algorithm 

along with iterative matrix solver for solving the 

equations iteratively until convergence is reached. 

 

3.1 Governing Equations: 

 

The governing equations for fluid flow and heat transfer 

are the Navier-Stokes or momentum equations and the 

First Law of Thermodynamics or energy equation. 

 

3.2 Geometry & boundary condition: 

 

The three dimensional geometry of the model was 

drawn in a CAD software and then exported to 

Autodesk® Simulation CFD. To reduce the 

computational domain without affecting the result, only 

the length of the pipe along which the heat transfers was 

considered in the CAD model. The inner pipe was 

assigned as copper and outer pipe was assigned as brass 

(Fig.2). Air and water volume was also assigned 

properly.  

 

 
 

Fig.2 Numerical model 

 

The hydraulics and thermal boundary conditions used in 

this simulation are given in the Table 1. 

 

Table 1 Boundary conditions 

ASSIGNED TO TYPE 

Air Inlet Surface Velocity Normal (36 m/s)  

 Temperature (85 Celsius) 

Air Outlet Surface Pressure (0 Pa Gage) 

Water Inlet Surface Volume Flow Rate 

(0.002182 m3/min) 

Temperature (30 Celsius) 

Water Outlet Surface Pressure (0 Pa Gage) 

 

3.3 Grid generation 

 

The solution accuracy greatly depends on the grid 

generation. Automatic mesh scheme (provided by 

Autodesk® Simulation CFD) followed by advanced 

mesh enhancement was used to generate fine mesh. 

Surface meshing and boundary layer meshing was also 

introduced. Mesh Enhancement adds element layers 

along all fluid-solid interfaces. This boundary layer 

mesh formation gives opportunity to have more precise 

result of temperature and velocity distribution (Fig.3). 

Following meshing criteria was given (Table. 2) : 

 

Table 2 Mesh settings 

Meshing parameter Setting/Value 

Surface refinement 1 

Gap refinement 1 
Resolution factor 1.0 

Edge growth rate 1.1 

Minimum points on edge 2 

Points on longest edge 10 

Surface limiting aspect ratio 20 

Refinement length 0.0 
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Meshing parameter Setting/Value 

Fluid gap elements 1.0 

Thin solid elements 0.2 

Mesh enhancement 1 

Enhancement blending 1 

Number of layers 3 

Layer factor 0.45 

Layer gradation 1.05 

Number of Nodes 1093567 

Number of Elements 4528926 

 

 

 
Fig.3 A sample of generated mesh (a) global view (b) 

radial cross-section view (c) transverse section view (d) 

boundary layer mesh formation  

 

3. 4 Solving the Simulation 

 

In the analysis a convergence criterion of 0.00001 was 

satisfied for all dependent variable .The number of 

iterations to run during the analysis was such that 

convergence plot was flattened and the convergence 

criterion was satisfied. k-epsilon turbulence model was 

used for running this simulation. It is typically more 

accurate but more computationally intensive and 

slightly less robust. ADV 1 (Monotone streamline 

upwind scheme) was used as advection scheme for its 

numerical stability. Following solver settings was used 

in the simulation process (Table. 3):  

 

Table 3 Solver settings 

Solution parameters Settings/Values 

Flow On 

Compressibility Incompressible 

Heat Transfer On 

Auto Forced Convection On 

Gravity Components 0, -1, 0 

Radiation Off 

Turbulence On 

Solution mode Steady State 

Intelligent solution  Off 

Solution parameters Settings/Values 

Advection scheme ADV 1 

Turbulence model k-epsilon 

 

 

4. Result and discussion 

As mentioned earlier an experiment has been conducted 

with the full model and it is seen that for all the cases 

counter flow is more efficient than parallel flow. Inlet 

water volume flow rate, inlet water temperature and 

inlet air temperature were kept constant; only inlet air 

velocity was varied for each observation. Some typical 

data from experimental results showing efficiency and 

LMTD is given in Table 4.  

 

Table 4 Experimental result 

Flow 

type 

Temperature 

of air (oC) 

Temperature 

of water (oC) 

Effi

cie

ncy 

% 

LM

TD 

(oC) Inlet Outlet Inlet Outlet 

Parallel 85.0 36.0 30.0 33.41 53 17.1

4 
Counter 85.0 40.0 30.0 33.43 86 25.0

0 

 

From numerical simulation, it is visualized that fully 

developed air flow inside the copper tube was generated 

gradually within 0.0263 mm (Fig 4) length from the 

inlet. The reynold number of the air flow was around 

38000-38500 which indicates the air flow was fully 

turbulent. 

 

 
Fig.4 Formation of fully developed flow 

 

Temperature colour contour of air at different sections 

of pipe is shown in the Fig. 5. Colour contour shows air 

touching the copper pipe has the lowest temperature, but 
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on the other hand the outlet air temperature is more 

likely uniform. 

 

 
 

Fig.5 Temperature colour contour of air (1/2 of the cross 

section along the length) 

 

Fig. 6 and Fig. 7 shows temperature colour contour (1/2 

of the cross section along the length) of water at inlet, 

middle and outlet section for parallel and counter flow 

respectively. From Fig. 6 and Fig. 7 it can be inspected 

that for parallel flow the rate of heat gain is more than 

the counter flow at the inlet but the temperature is 

higher for the counter flow at the outlet.    

 

 
 

Fig.6 Temperature colour contour of water (parallel)   

(a) inlet (b) middle (c) outlet 

 

 
 

Fig.7 Temperature colour contour of water (counter)  (a) 

inlet (b) middle (c) outlet 

 

From CFD simulation results, temperature of air and 

water from inlet to outlet has been plotted against the 

pipe length for both cases (parallel & counter flow) in 

Fig. 8 and Fig. 9 respectively. Fig.8 shows that the 

temperature gradient (both air and water) is higher at 

inlet for parallel flow. In contrast, the temperature 

gradient (both air and water) is almost constant along 

the length for counter flow (Fig. 9).   

 

 
Fig.8 Temperature distribution for parallel flow 

 

 

 
Fig.9 Temperature distribution for counter flow 

 

Magnitude of air velocity as a fraction of free stream 

velocity and air temperature as a fraction of the input 

temperature has been plotted (Fig. 10) along the 

diameter of the pipe at different distances from the inlet 

for parallel flow. 

Similarly, magnitude of water velocity as a fraction of 

free stream velocity and water temperature as a fraction 

of the output temperature has been plotted (Fig, 11) 

along the diameter of the pipe at different distances 

from the inlet. 

Fig. 10 and Fig 11 both contains a velocity profile along 

with three temperature profiles at three different 

distances of the pipe. As fully developed flow was 

achieved within a short length of the flow for both water 
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and air so the velocity profile is almost the same for the 

rest of the length which is indicated by the figures too. 

For the temperature profiles the heat exchange is 

happening from start to end of the pipe so temperature 

profile will change with the length. Fig.10 shows 

temperature profile of air continuously decreases with 

the increasing of flow distance. The situation is just the 

opposite in Fig.11 which shows continuous increment of 

the temperature profile with the increment of length. 

This indicates air losses heat gradually with the 

advancement of length at the same time water gains. 

 

 

 
Fig10. Velocity boundary layer and temperature 

boundary layer (air) 

 

 
Fig.11 Velocity boundary layer and temperature 

boundary layer (water) 

 

5. Conclusion 

Numerical and experimental steady state heat transfer 

mechanism in tube to tube heat exchanger has been 

investigated. This investigation concludes several 

decisions:  

1 The computational results are almost same as the 

experimental results. 

2 In case of counter and parallel flow, counter flow is 

more efficient than parallel flow. 

3 Increasing Reynolds number by rising hot air velocity 

increases the heat transfer rate. 

4 Flow of hot air in tube and cold water in annulus side 

is much more efficient than flow of hot air through 

annulus and cold water in tube. 

 

NOMENCLATURE 

 

cpa 

 

cpw   

 

 

T 

 

 

 

 

ma 

mw 

:  specific heat at constant pressure, kJ･kg-1･K-1 for 

air. 

: specific heat at constant pressure, kJ･kg-1･K-1 for     

water.  

 

: temperature  oC 

: temperature difference between air and water at        

the inlet of exchanger. 

: temperature difference between air and water at 

the outlet of exchanger. 

: mass flow rate of air. kg.s-1 

: mass flow rate of water. kg.s-1 
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