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Abstract— This experiment provide method for increasing 

tube-in-tube exchanger performance. The tube-in-tube heat 

exchanger is designed in order to study the process of heat 

transfer between two fluids through a solid partition. It will 

be designed for a parallel flow as well as counter-flow 

arrangement. The logarithmic mean temperature difference 

(LMTD) method of analysis is adopted. Water will be used 

as a working fluid for the experiment. The parameter 

required to find out the effectiveness of the heat exchanger 

will be arranged in this setup such as the inlet and outlet 

temperature of the hot and cold fluid, flow rate of the fluid 

power etc. The modified wire mesh tube in tube will be 

replaced for the ordinary tube in tube so the surface area is 

increased so maximum heat will exchange from hot side to 

the cold side. This will be proved by calculation of the 

LMTD, Heat transfer coefficient and temperature difference. 

The experimental procedure carries tests for both ordinary 

heat exchanger and wire mesh heat exchanger. Arrangement 

will be made such that in one set we can achieve the both 

parallel and counter flow by simply opening and closing of 

the valve shown in the process of this whole setup. This set 

up is used for comparing the Logarithmic mean temperature 

difference, heat transfer coefficient, the effectiveness and the 

temperature difference for the modified wire mesh heat 

exchanger & with the ordinary Heat exchanger. From the 

results, it is observed that the overall heat transfer coefficient 

and effectiveness is increased for Wire Mesh heat exchanger 

as compared to the ordinary tube heat exchanger. 
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I. INTRODUCTION 

The process of heat exchange between two fluids that are at 

different temperatures and separated by a solid wall occurs 

in many engineering applications. The device used to 

implement this exchange is called a heat exchanger, and 

specific applications may be found in space heating and air-

conditioning, power production, waste heat recovery and 

chemical processing. 

There are three main types of heat exchangers:  

1) The Recuperative type in which the flow exchange 

heat on either side of a dividing wall.  

2) The Regenerative type in which the hot and cold fluids 

pass alternately during a space containing a matrix of 

material that provides alternately a sink and a source 

for heat run.  

3) The Evaporative type in which a liquid is cooled 

evaporative and constantly in the same gap as the 

coolant.  

Recuperative type of heat exchanger, which can 

further be classified, based on the associate directions of the 

flow of the hot and cold fluids, into three types:  

1) Parallel flow, when both the fluids move in parallel in 

the same direction.  

2) Counter flow, when the fluids move in parallel but in 

opposite directions.  

3) Cross flow, when the directions of flow are equally 

perpendicular.  

Heat exchangers are one of the most critical 

components in any liquefaction/refrigeration system. Its 

effectiveness governs the efficiency of the whole system. 

The major requirement of these heat exchangers, working in 

the low temperature range, is to have high effectiveness. 

Development of a high effectiveness compact heat 

exchanger that can be used under low temperature 

conditions is one of the important requirements for 

aerospace, gas turbine power plant and other industries. The 

design of heat exchangers is very important from the system 

performance point of view. The design should take various 

losses, occurring during the exchange of heat into 

consideration. The performance of the heat exchanger is 

governed by various parameters like mass flow rates, 

pressures and temperatures of working fluids, etc. Heat 

exchanger effectiveness takes into consideration the 

limitations of heat transfer between two heat exchanging 

streams due to these parameters [1]. 

The method used in the analysis of the heat 

exchanger in this research work is the Logarithmic Mean 

Temperature Difference (LMTD), and it is defined as that 

temperature difference which, if constant, would give the 

same rate of heat transfer as actually occurs under variable 

conditions of temperature difference. 

In this design, counter-flow LMTD was adopted 

because it is always greater than that for a parallel flow unit, 

hence counter-flow heat exchanger can transfer more heat 

than parallel-flow one; in other words a counter-flow heat 

exchanger needs a smaller heating surface for the same rate 

of heat transfer. 

A. Objective 

1) To design construct an ordinary tube in tube heat 

exchanger  

2) To design and construct a Mesh in concentric- tube 

heat exchanger in which two tubes are concentrically 

arranged and either of the fluids (hot or cold) flows 

through the tube and the other through the annulus.  

3) To carry out test on the Mesh in concentric- tube heat 

exchanger and obtain values which will be compared 

to the ordinary heat exchanger. 

4) Observing the temperature difference for ordinary heat 

exchanger and wire mesh heat exchanger. 

5) Observing overall heat transfer coefficient, capacity 

ratio and effectiveness for both parallel flow and 

counter flow. 
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II. PROBLEM STATEMENT 

The heat exchanger is a very important device used in many 

real world applications in which heat must be transferred 

from one medium to another. In many cases, the two 

mediums are separated by a solid wall and heat is transfer in 

between them by the medium with keeps the fluid part. In 

many heat exchanger problems, the lost of heat due to the 

insufficient fluid contact with the surface area which 

transfer the heat, many heat exchanger finds that there 

length are too short are due to shorter and smaller length 

laminar flow is formed and this will seen this will create the 

small film arrangement of the heat flux, so it needs the 

larger heat surface area, many analyzing are finding the 

solution to raise the surface are, one of the method has 

earliest developed is to attach the fin on the tube, bur this 

method has on large disadvantage that  they involve the 

larger space to attach the fins around the each tube. 

Formation of the laminar flow on the tube will decrease the 

heat transfer rate and this problem can only handle but 

designing some internal deal in tube which will not disturb 

the flow velocity and also the other parameter such as 

mechanical and chemical properties. In many industries it is 

seen that lost of heat will is not only due to the hot side fluid 

but also in the fluid which carries heat away from the hot 

fluid, this problem also needs to be handled. Note that a 

counter flow heat exchanger is more efficient than a parallel 

flow heat exchanger. 

III. LITERATURE REVIEW 

As per the paper prepared by Hiroshi IWAI, Soushi 

KAWAKAMI, Kenjiro SUZUKI, Junichi TSUJII, Tetsuo 

ABIKO, they worked on the Performance of Wire Springs 

as Extended Heat Transfer Surface for Compact Heat 

Exchangers. Use of thin metal wire structures as a new type 

of extended heat transfer surface is proposed. As one of the 

most basic shapes of such wire structures, heat transfer 

performance of spring shaped fins is experimentally 

investigated under relatively low Reynolds number 

conditions. The averaged heat transfer coefficient is 

evaluated by a single-blow method while the pressure drop 

is measured at a steady state flow condition. The effects of 

the geometric parameters such as the wire diameter, the 

spring pitch and the pitch ratio were systematically 

examined and the obtained data were compared with that of 

a conventional offset fin, which is commercially available. It 

was found that the geometric parameters of the spring fins 

and the arrangement of spring fins in the test section affect 

their heat transfer performance. Some types of spring fins 

showed better heat transfer performance than a conventional 

offset fin, when they are evaluated in terms of the total heat 

transfer at a constant pumping power [9]. 

Prabhakar Ray, Dr. Pradeep Kumar Jhinge works 

on the review paper of Heat Transfer Rate Enhancements by 

Wire Coil Inserts in the Tube. This paper reviews 

experimental works taken by researchers, on this technique 

wire coil insert in tubes to enhance the thermal efficiency in 

heat exchangers and useful to designers implementing 

passive augmentation techniques in heat exchange. The 

authors found that variously developed wire coil inserts are 

popular researched and used to strengthen the heat transfer 

efficiency for heat exchangers[11]. 

Folaranmi Joshua, in his paper, he in print the 

design and construction of a concentric tube heat exchanger. 

The concentric tube heat exchanger was purposeful in order 

to study the process of heat move between two fluids 

through a solid divider. It was planned for a counter-flow 

deal and the logarithmic mean temperature difference 

(LMTD) method of analysis was adopted. Water was used 

as fluid for the experiment. The temperatures of the hot and 

cold water complete to the equipment were 87o and 27oC, 

respectively and the outlet temperature of the water after the 

experiment was 73oC for hot and 37oC for cold water. The 

outcome of the experiment was tabulate and a graph of the 

mean temperatures was drawn. The heat exchanger was 

73.4% efficient and has an overall coefficient of heat 

transfer of 711W/m2K and 48oC Log Mean Temperature 

Difference. The research takes into account different types 

of heat exchangers [8]. 

In the paper of V.Natarajan, They alert on the 

investigational cram of the recital characteristics of tube-in-

tube dense heat exchangers. Experiments are conducted in 

the compact heat exchangers with R-134a and liquefied 

petroleum gas. The use of diminutive metal wire mesh as an 

extended heat transfer surface is proposed. The effectiveness 

of the heat exchangers was calculated using the experiment 

data and it was found that the effectiveness of heat 

exchanger-1 is above 75 and heat exchanger-2 is above 84% 

for R-134a.The effectiveness of heat exchanger-1 is about 

60% and heat exchanger-2 is about 81% for liquefied 

petroleum gas. In this paper, details about the new tube-in-

tube type dense heat exchanger, experimental setup, results 

and conclusions are discussed [1]. 

As per paper existing by K.Sivakumar, K.Rajan, 

they presented Performance Analysis of Heat Transfer and 

Effectiveness on Laminar Flow with Effect of Various Flow 

Rates. In this paper investigation the heat transfer and 

effectiveness of the double pipe heat exchanger with two 

flow directions; one is parallel flow and counter flow 

direction. In these two directions, deem the laminar flow and 

from the experimental setup in use the exit temperature of 

both hot and cold fluid with different mass flow rate. Finally 

work out the heat transfer and effectiveness of the parallel 

flow heat exchanger and analysis these data with the counter 

flow heat exchanger. A commercial CFD package, Ansys 

fluent version are used for this study. Generate and mesh the 

3D model heat exchanger. As a final point the experimental 

assessment is validate with the numerical [10]. 

As per paper offered by S. Vahidifar† and M. 

Kahrom, they presented Experimental Study of Heat 

Transfer Enhancement in a Heated Tube Caused by Wire-

Coil and Rings. In this paper, this study investigates heat 

transfer characteristics and the pressure drop of a horizontal 

double pipe heat exchanger with wire coil inserts. The 

amplification of convection heat transfer coefficient in the 

heat exchanger reduces the weight, size and cost of heat 

exchanger. One way of augmenting the heat transfer is to 

disturb the boundary layer. When an object is placed in a 

boundary layer, it affects the flow structure and alters the 

velocity and thermal profiles. The change is affected by the 

formation of jets and wakes in the boundary layer as it alters 

modifies transfer and friction coefficients on the wall. This 

paper studies the characteristics of the heat transfer and the 
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pressure drop of a double pipe horizontal tube heat 

exchanger with an inserted wire coil and rings [14]. 

IV. METHODOLOGY 

A. Method 

 
Fig. 1: General setup for modified tube heat exchanger 

The parameter are required to find out the effectiveness of 

the heat exchanger such as the inlet and outlet temperature 

of the hot and cold fluid, flow rate of the fluid, etc. The wire 

mesh tube in tube is replaced for the ordinary tube in tube so 

the surface area is increased so maximum heat will 

exchange from hot side to the cold side this will be proved 

by calculation of the LMTD, Heat transfer coefficient and 

temperature difference. 

As shown in fig. 1 Inner tube used in this set up is 

made of the copper so the maximum heat is transfer to the 

outer fluid and outer pipe is made of the MS which is the 

insulated by the insulation to reduce the heat losses. 

B. Required Components 

Base stand, Heat exchanger, Sump tank, Geyser, Multipoint 

Temperature Indicator, K-type pencil thermocouples, 

Centrifugal pump, Pipes & valves. 

C. Fabrication of Concentric Tube Type Heat Exchanger 

It is consist of concentric tube type heat exchanger having 

inner tube & outer tube. Heat exchanger is a device in which 

the exchange of energy between two fluids at different 

temperatures takes place. 

For wire mesh structure, the thickness of wire is 

taken as 2 mm. The copper tubes were cut according to the 

required length. The cutting operation is done by means of a 

tube cutter. Then the inner tube is placed inside the outer 

tube is kept within by using copper plates using the brazing 

process. Before brazing the outer tube is drilled to locate the 

inlet and outlet tubes. Then these inlet and outlet tubes are 

also brazed. 

Copper meshes are placed in the form of small 

discs in between the tubes and the copper wire is wound like 

a coil which is inserted in the inner tube. 

 
Fig. 2: Wire Mesh 

V. EXPERIMENTAL PROCEDURE 

The experimental procedure show which carries tests for 

both ordinary heat exchanger and wire mesh heat exchanger. 

It consists of a concentric tube type of heat 

exchanger. This heat exchanger consist of a tube is housed 

in shell. A pipe & valve arrangement is provided to select 

the direction of cold water. A water heater is provided to 

supply hot water at specified temperature continuously. K-

type thermocouples are fitted at the inlets & outlets of both 

fluids to measure the temperature.  

The setup is made such that it can achieve the 

process for both ordinary heat exchanger as well as wire 

mesh heat exchanger by simply adjusting the valve position. 

It can give the temperature readings one by one for both heat 

exchangers for the same mass flow rate. So there is no need 

of changing setup or tube to go for other heat exchanger. It 

will give results on same set up for both heat exchangers at a 

time. 

To Design the Heat Exchanger the Following data 

is taken as Input to design the Heat Exchanger: 

Diameter of Inner Tube (di) = 25.7 mm   

Diameter of Annulus (D) = 75 mm  

Length of tube (L) = 500 mm 

Effective heat transfer Area (A) = 0.04 𝑚2 

Mass flow rate of fluid (m) = 3 lpm 

Mass of hot fluid (𝑚ℎ) = 0.05 kg 

Mass of cold fluid (𝑚𝑐) = 0.05 kg 

Specific Heat (Cp) = 4.187 KJ/kg k 

A. Experimental Temperatures in System 

For parallel flow system: 

T1= temperature of hot water at inlet 

T2= temperature of hot water at outlet 

T3= temperature of cold water at inlet 

T4= temperature of cold water at outlet 

For counter flow system: 

T1= temperature of hot water at inlet 

T2= temperature of hot water at outlet 

T3= temperature of cold water at outlet 

T4= temperature of cold water at inlet 

VI. CALCULATION PROCEDURE 

A. LMTD (m) 

(𝜃𝑚)𝑃𝑎𝑟𝑎𝑙𝑙𝑒𝑙 𝑓𝑙𝑜𝑤 =
(T1  −  T3) – (T2– T4)

ln {
(T1−T3)

 (T2−T4)
}

 

Where, 

T1 - Hot Water In. 

T2 - Hot Water Out. 

T3 - Cold Water In. 

T4 - Cold Water Out 

(𝜃𝑚)𝐶𝑜𝑢𝑛𝑡𝑒𝑟 𝑓𝑙𝑜𝑤 =
(T1 – T4) – (T2 –  T3)

ln {
(T1−T4)

 (T2−T3)
}

 

Where, 

T1 - Hot Water In. 

T2 - Hot Water Out. 

T3 - Cold Water Out. 

T4 - Cold Water In. 

B. Heat Transfer Coefficients 

Q Parallel flow = (m Cp) hot (T1-T2) = (m Cp) cold (T4 -T3) 
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Q Counter flow = (m Cp) hot (T1-T2) = (m Cp) cold (T3 –T4)   

Where, 

m - Mass of hot water    

Cp - specific heat of hot water (2000 J/Kg K) 

Cp - specific heat of cold water (4178 J/Kg K) 

Q = U A m 

Where, 

Q = total heat required. 

U = Heat transfer coefficient. 

m = log mean temperature difference. 

A = Heat transfer area = ΠDL 

C. Determination of Heat Exchanger Effectiveness 

Effectiveness =
(mCp∆T)hot or cold

(mCp)small (𝑇1 − 𝑇4)
 

D. Capacity Ratio (C) 

C =
(mCp)min

(mCp)max

 

VII. RESULTS AND DISCUSSION 

A. Ordinary Tube Heat Exchanger 

1) Results for Parallel Flow 

Firstly, in this project the parallel flow is made by simply 

opening and closing of the valve. The different temperature 

readings at different interval of time have taken as given 

below. 

Sr.  

No. 

Hot water Cold Water 

T1 T2 T3 T4 

1 43 41 22 25 

2 42 40 22 25 

3 42 41 22 25 

4 41 39 22 27 

5 44 43 22 28 

Table 1: Temperature readings 

For the above given temperature, the calculations 

for the LMTD, overall heat transfer coefficient, capacity 

ratio and effectiveness are given below. 

Sr.  

No. 

LMTD  

 (θm) 

Overall Heat Transfer 

Coefficient (U) 
Effectiveness 

° C W/m2 ° K ε 

1 18.39 569.29 0.10 

2 17.38 602.26 0.10 

3 17.93 291.96 0.05 

4 15.23 687.16 0.11 

5 18.28 286.35 0.05 

Table 2: Result table for parallel flow 

2) Results for Counter Flow 

The counter flow is made by simply opening and closing of 

the valve. The different temperature readings at different 

interval of time have taken as given below. 

Sr. No. 
Hot water Cold Water 

T1 T2 T3 T4 

1 44 41 27 22 

2 43 40 29 22 

3 43 41 26 22 

4 43 40 29 22 

5 44 43 30 22 

Table 3: Temperature readings 

For the above given temperature, the calculations 

for the LMTD, overall heat transfer coefficient, capacity 

ratio and effectiveness are given below. 

Sr.  

No. 

LMTD  

(θm) 

Overall Heat Transfer 

Coefficient (U) 
Effectiveness 

° C W/m2 ° K ε 

1 17.98 873.19 0.14 

2 15.92 986.48 0.14 

3 17.98 582.12 0.10 

4 15.92 986.48 0.14 

5 17.26 303.15 0.05 

Table 4: Result table for counter flow 

From the above results, it shows the logarithmic 

mean temperature difference (LMTD) Overall Heat Transfer 

Coefficient (U) and Effectiveness ( ) for the parallel flow 

and counter flow. A counter flow heat exchanger is more 

efficient than a parallel flow heat exchanger. The 

effectiveness is increased for counter flow as compared to 

parallel flow. 

B. Wire Mesh 

1) Results for Parallel Flow 

Firstly, in this project the parallel flow is made by simply 

opening and closing of the valve. The different temperature 

readings at different interval of time have taken as given 

below. 

Sr.  

No. 

Hot water Cold Water 

T1 T2 T3 T4 

1 43 40 22 26 

2 42 39 22 27 

3 40 38 22 27 

4 41 38 22 29 

5 44 38 22 29 

Table 5: Temperature readings 

For the above given temperature, the calculations 

for the LMTD, overall heat transfer coefficient, capacity 

ratio and effectiveness are given below. 

Sr. 

No. 

LMTD   

(θm) 

Overall Heat Transfer 

Coefficient (U) 
Effectiveness 

° C W/m2 ° K ε 

1 17.26 606.31 0.143 

2 15.66 668.38 0.15 

3 14.21 368.21 0.111 

4 13.38 782.14 0.158 

5 14.54 359.84 0.273 

Table 6: Result table for parallel flow 

2) Results for Counter Flow 

The counter flow is made by simply opening and closing of 

the valve. The different temperature readings at different 

interval of time have taken as given below. 

Sr. 

No. 

Hot water Cold Water 

T1 T2 T3 T4 

1 44 40 28 22 

2 43 39 30 22 

3 43 39 27 22 

4 43 38 29 22 

5 44 41 31 22 

Table 7: Temperature readings 

For the above given temperature, the calculations 

for the LMTD, overall heat transfer coefficient, capacity 

ratio and effectiveness are given below. 
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Sr.  

No. 

LMTD  

(θm) 

Overall Heat Transfer 

Coefficient (U) 
Effectiveness 

° C W/m2 ° K ε 

1 16.98 924.67 0.18 

2 14.91 1053.02 0.19 

3 16.49 634.58 0.19 

4 14.98 1048.31 0.24 

5 15.81 331.03 0.14 

Table 8: Result table for counter flow 

From the above results, it shows the logarithmic 

mean temperature difference (LMTD) Overall Heat Transfer 

Coefficient (U) and Effectiveness ( ) for the parallel flow 

and counter flow. A counter flow heat exchanger is more 

efficient than a parallel flow heat exchanger. The 

effectiveness is increased for counter flow as compared to 

parallel flow. 

C. Effectiveness 

As the experimental procedure is carried out for both 

ordinary tube heat exchangers and Wire mesh tube heat 

exchanger. The effectiveness for both heat exchangers is as 

follows. 

Sr. 

No. 

Ordinary HE Wire Mesh HE 

Parallel 

flow 

Counter 

flow 

Parallel 

flow 

Counter 

flow 

1 0.10 0.14 0.143 0.18 

2 0.10 0.14 0.15 0.19 

3 0.05 0.10 0.111 0.19 

4 0.11 0.14 0.158 0.24 

5 0.05 0.05 0.14 0.273 

Table 9: Result table for Effectiveness for both heat 

exchangers 

The above table shows the effectiveness for the 

both ordinary tube heat exchangers and Wire mesh tube heat 

exchanger. From above results, it shows that the 

effectiveness for wire mesh tube heat exchanger is greater 

than ordinary tube heat exchanger for both parallel as well 

as counter flow conditions. 

The wire mesh heat exchanger gives the better 

results as compared to ordinary heat exchanger. 

 
Fig. 3: Graphical representation of effectiveness for ordinary 

and wire mesh heat exchanger for parallel flow and counter 

flow 

Graph depicts Graphical representation of 

effectiveness for ordinary the heat exchanger, in which 

maximum effectiveness 0.273 observed for wire mesh heat 

exchanger of parallel flow than ordinary and wire mesh 

counter flow heat exchanger in experiment number 5 and 

minimum effectiveness 0.05 observed for ordinary heat 

exchanger of parallel flow in experiment number 3. In 

comparison we got better results in wire mesh heat 

exchanger of counter flow than other heat exchanger i.e. 

ordinary and wire mesh parallel flow heat exchanger. 

VIII. CONCLUSION 

The following conclusions were arrived during the project 

work. 

1) It design and construct an ordinary tube in tube heat 

exchanger and Wire Mesh in concentric- tube heat 

exchanger in which two tubes are concentrically 

arranged and either of the fluids (hot or cold) flows 

through the tube and the other through the annulus 

2) It calculate the different parameters like the LMTD, 

overall heat transfer coefficient, capacity ratio and 

effectiveness for both parallel flow and counter flow.  

3) From the results, it is observed that the overall heat 

transfer coefficient and effectiveness is increased for 

counter flow.  

4) The experimental setup works for both ordinary heat 

exchanger as well as wire mesh heat exchanger. 

5) From the results, it is observed that the overall heat 

transfer coefficient and effectiveness is increased for 

Wire Mesh heat exchanger as compared to the ordinary 

tube heat exchanger.  
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