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Abstract 

 

As far today's demand is to manufacture a compact car so there is an urgent need to design an effective heat exchanger. In this 

paper the effect of fluid on pipe heat exchanger on overall heat transfer coefficient is studied. The overall heat transfer coefficient 

is studied for pipe heat exchanger with different mass flow rate  1 Lit/hr, 2 Lit/hr and  3 Lit/hr coolant flow  Lit/hr @ same 

surface  heating on pipe heat exchanger. Pipe tube heat exchangers are common and vital components in many energy systems. 

Pipe tube heat exchangers are widely used in several domains such as heating, ventilating, refrigeration and air conditioning 

systems A fluid fin performance is commonly expressed in terms of pipe tube heat transfer. This case is the one experimental 

performance on Pipe Tube Heat exchanger for finding Heat Transfer Co-efficient of fluid because this corresponds to the 

maximum driving potential (temperature difference) for convection heat transfer. The research work summarized in this presents 

a combined analytical, experimental and numerical investigation of Overall heat transfer coefficient of coolant as water by use of 

pipe tube heat exchanger force convection. The results for the fluid on pipe tube heat transfer were compared with simulation of 

pipe heat exchanger by software Ansys 14.1. The experimental system is for investigation for Heat transfer co-efficient of fluid 

as water from the experiment pipe tube heat exchanger gives the heat transfer coefficient 401.9212W/m2K.and by software 

simulation its heat transfer co-efficient valid of 383.73W/m2K. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The heat exchanger is a device, which used to transfer thermal energy between two fluids, between a solid surface and a fluid or 

between solid partials and a fluid. The demand  high for small specification heat exchanger device which increasing due to their 

requirement in application such as Automobiles, aerospace, etc.[1] An important parameters affecting in  heat transfer are 

Reynolds number, 

Horizontal pipe heat exchanger uses various inserts inside tube so as to enhance heat transfer and hence increase heat transfer 

coefficient [2, 3, 4]. In this type of heat exchanger the swirl flow is generated as fluid flowing through the plain tube with insert. 

The force convection pipe tube heat transfer obtained. The inserts have a significant effect on the enhancement of heat transfer; 

however, the pressure drops also increase too. Several papers have studied and concluded that the insertion of twisted wire brush 

inserts into a double pipe heat exchanger is an attractive method to improve the convective heat transfer coefficient because it 

generates a swirl flow, which can induce a tangential flow velocity component and enhance fluid mixing between the duct core 

and the nearwall region. These type of heat exchangers found their applications in heat recovery processes, air conditioning and 

refrigeration systems, chemical reactors, and food and dairy processes [4]. The double pipe heat exchanger would normally be 

used for many continuous systems having small to medium heat duties. However, most of the studies under this category prefer 

laminar flow because twisted wire brush inserts generates a larger increase in the pressure drop for turbulent flow than that of 

laminar flow compared to the absence of insets in the tube. 

Fin height and fin space (pitch). Heat transfer can be successfully improved by controlling these parameters. Reynolds 

number, fin height, fin material, fin pitch, fin size, fin space are most effective parameters effect on Heat Exchanger. The 

maximum heat transfer rate was observed at 42000 Reynolds number, 20 mm fin height [11] Fins have a very vast area of 

application. Finned-tube heat exchangers are common and vital components in many energy systems Fin-and-tube heat 

exchangers are widely used in several domains such as heating, ventilating, refrigeration and air conditioning systems[5]. In 

various applications heat from the fins is dissipated by natural as well as forced convection and radiation. Various types of fins 

are rectangular, square, cylindrical, annular and tapered or pin fins, to a combination of different geometries, have been used. 

These fins may protrude from either a rectangular or cylindrical base.[10] The fin performance is commonly expressed in terms 

of heat transfer coefficient and fin effectiveness, which is defined as the ratio of the heat transfer rate with fin to the heat transfer 

rate in without fin heat exchanger. This case is the one providing the maximum heat transfer rate because this corresponds to the 

maximum driving potential (temperature difference) for the convection heat transfer. The purpose of the fin is to increase the 
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product of the surface area and the heat transfer coefficient. [7] It is very useful in the heat exchanger design or in the estimation 

of heat exchanger performance if we know the fin efficiency. In many textbooks introduced the fin efficiency derived from the 

following three assumptions: (a) constant fluid temperature, (b) uniform heat transfer coefficient, and (c) one dimensional heat 

conduction in the fin. However most actual heat exchangers may not satisfy only one of these three assumptions. A lot of 

experiments have been performed to measure the heat transfer coefficient of the heat exchanger having fins.[6] 

The circular finned-tube bundles are commonly used in the industries. In order to improve the air-side heat transfer 

performance of these bundles, such as to increase the fin efficiency and compactness as well as to reduce the pressure losses, 

much empirical work has been done diligently [8]. The heat transfer increases as the surface area of the radiator assembly is 

increased. So, do the car having inside better space, the manufacturers of commercial vehicles are facing a substantial increase of  

heat release into the cooling system and they change the geometry the arrangement of tubes in automobile radiator to increase the 

surface area for better heat transfer. The modification in arrangement of tubes in radiator is carried out by studying the effect of 

pitch of tube.[9].  

The present work the effect of fluid flow in Pipe tube Heat exchanger is studies experimentally.  

II. EXPERIMENT SETUP 

 
Fig. 1: Schematic of the Experiment setup 

The schematic diagram of experimental setup as shown in Figure:1, which used in this research, a Reservoir Tank with capacity 

30liters, 6 nos. Heaters  2W per heater heating capacity,  a Centrifugal Pump with Motor, a Rotameter with rang 0 to 10 LPM, 

Temperature Indicator of 12 channel, Variac up-to 0~120 volts, Seven  Thermocouples rang 00c to 100 0c., and pipe tube  Heat 

Exchanger specification as per Table. In this test a pipe tube heat exchanger which installed inside flow of fluid with constant 

mass flow rate and its configuration is tube type. Fluid as water as through tube (1 pass) with force convection section. The Pipe 

tube was 0.02 m diameter and 0.89m in length as in fig. 



Experimental and Simulation Investigation of Pipe Tube Heat Exchanger  
(IJSTE/ Volume 3 / Issue 02 / 017) 

 

 All rights reserved by www.ijste.org 
 

115 

III. PIPE TUBE HEAT EXCHANGER 

 
Fig. 2: Pipe Tube Heat Exchanger 

Table – 1 

Specifications 

SR. No. Title Value 

1 Pipe Heat Exchanger  Material GI 

2 Tube Internal Diameter 0.02 m 

3 Tube Outer Diameter 0.04 m 

4 No of Tube Pass 1 

5 Total Length of Tube 0.89 m 

IV. CALCULATION OF HEAT EXCHANGER 

In these setup experiments, the fluid flowing inside the tube transfer by force convection heat to the outside of pipe by heaters 

channel and calculated as: 

Tbulk =
T1+T7

2
                                                            (1) 

Finding Bulk temperature 

Tsuravg =
T1+T2+T3+T4+T5

5
                                          (2) 

Surface temperature find out. 
Table - 2  

Fluid Properties at Temperature 37.7℃ 

𝜌𝑤 ∁p μ K 

994.25 Kg/𝑚3 4069 J/kg-℃ 0.6235 kg/m-s 0.00073 W/m-K 

Surface Area of pipe, 

As = π × d × L 

Heat Transfer rate of fluid, calculate by, 

Q =  ṁ ∁p ∆T 

Heat flux, q" 

 q" =  
Q

As
 

Heat Transfer Coefficient we have the equation of Heat, 

 q " = h A ∆T1 

The performance of the heat exchanger is analyzed the conventional Renault and nusslt number, technique and the  heat 

transfer coefficient  is defined. 
Table – 3 

Validation Work 

 
Dia. D in 

m 
Re 

Density 

ρ 

Thermal Conductivity, 

K 

Specific 

Heat, ∁p 

Kinematic 

Viscosity, μ 

Heat Trasfer 

Coefficient 

Nusslt 

Number 

Experiment 

Result 
0.02 1450 994.25 0.6235 4069 0.00072974 401.9212 12.90 

Simulation 

Result 
0.02 1450 994.25 0.6235 4069 0.00072974 383.7267 12.31 
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V. RESULT AND DISCUSSION 

To predict the effect of fin the various parameters are like, coolant mass flow rate, heat and etc. The evaluate the accuracy of the 

measurements, experimented system is tested with water & the experimented Heat Transfer Coefficient, and find the Renault 

Number and Nusselt Number for  the Ansys fluent comparison. The experiment result are match 10.60% with the different result. 

 Effect of Water Flow Rate on the Overall Heat Transfer Coefficient: 

          
Fig. 3: Tube In Temperature                Fig. 4: Tube out Temperature 

VI. CONCLUSIONS 

A complete set of numerical parameter studies on pipe tube heat exchanger has been presented in detail in this paper. The 

calculation have been carried out by well verified and validated rating. The corresponding mathematical formulation has been 

briefly described within the paper. A first part of the parametric studies has been focused on the influence of working condition 

on fluid(mass flow rate, input parameters). 

In pipe tube heat exchanger experiment setup is a useful tool for analyzing different fluid properties for find-out heat transfer 

rate of fluid and heat effects on water temperature. The model will help characterize pipe tube heat exchanger performance of 

fluid and provide a basis for assessing current temperature controlling condition. Classification and Design details helps to 

understand the working and industrial application of heat exchangers. 

As shown in software results we conclude that the heat transfer rate of pipe tube heat exchanger is simulates with the 

experimental results. 

VII. NOMENCLATURE 

 A    Area ( 𝑚2) 

 𝑑𝑖     Tube inner diameter (m) 

 𝑑𝑜     Tube outer diameter (m) 

 𝐴𝑖       Surface area of tube-side (𝑚2) 
 Re𝑤  Reynolds number of Water   (dimensionless) 

 Pr𝑤  Prandlt number of Water (dimensionless) 

 Nu𝑤   Nusselt number of Water (dimensionless) 

 ℎ𝑖      Heat transfer coefficient at tube-side (W/𝑚2𝐾) 
 𝜌𝑤      Density of Water (Kg/𝑚3) 

 𝜇𝑤      Dynamic Viscosity of Water (Kg/m.s) 

 𝐾𝑤   Thermal conductivity of Water (W/m.K) 

 ε        Effectiveness (%) 

 Ϲ      Heat capacity flow rate 

 L   Tube length (m) 
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