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ABSTRACT 

 

Heat exchanger is one of the important devices in cooling and heating process in 
factories, buildings, transports and others. The heat exchanger is found in large 
construction to support cooling process such as fossil fuel power plant. For this 
research, the small heat exchanger of double pipe type is constructed which wants to 
make it practicality in daily life such for saving fuel in vehicle. So, in this research, 
the best design for the small double pipe heat exchanger is choose based on TEMA 
specification. For this research, the hot air from engine bay is cooling down by using 
water pipe as the cold water where the temperature inlet and outlet for both fluids are 
specified. In this research, the properties of materials and its size are considered 
design process. After choosing the best design, the heat exchanger is fabricated by 
using sawing, flame-cutting, oxy-acetylene welding and drilling. The experiment is 
performed under two difference conditions where cold water flow rate is 
manipulated. From the experiment, the temperature of the hot air is dropped faster 
when using high flow rate of water with constant flow rate of hot air and the overall 
heat transfer coefficient is increased when water flow rate is increased. 
 



vii 
 

ABSTRAK 

 

Penukar haba adalah peralatan penting dalam proses penyejukan dan pemanasan di 
dalam kilang, banguanan, pengangkutan dan lain-lain. Penukar haba dijumpai di 
dalam pembinaan yang besar untuk menampung proses penyejukan seperti pelantar 
janakuasa bahan bakar fosil. Untuk kajian ini, penukar haba kecil yang berjenis tiub 
berkembar dibina dimana mahu membuatkannnya praktikal di dalam kehidupan 
seharian seperti menjimatkan bahan bakar di dalam kenderaan. Oleh itu, di dalam 
kajian ini, rekabentuk penukar haba kecil yang berjenis tiub berkembar yang terbaik 
dipilih berdasarkan spesifikasi TEMA. Untuk kajian ini, udara panas daripada 
kawasan enjin disejukkan dengan menggunakan air paip sebagai air sejuk dimana 
suhu keluar dan masuk untuk kedua-dua bendalir ditakrifkan. Di dalam kajian ini, 
sifat bahan dan saiz adalah diambil kira dalam proses rekabentuk. Selepas memilih 
rekabentuk yang terbaik, penukar haba difabrikasikan dengan menggunakan gergaji, 
pemotongan api, kimpalan oksigen-acetylene dan penggerudian. Eksperimen 
dilakukan di bawah dua keadaan berlainan dimana arus air sejuk dimanipulasikan. 
Daripada eksperimen, suhu udara panas diturunkan dengan cepat selepas 
menggunakan arus air yang tinggi dengan arus udara yang tetap. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 PROJECT BACKGROUND 

 

The heat exchanger is a device which transferred the heat from hot medium to 

cold   medium without mixed both of medium since both mediums are separated with a 

solid wall generally. There are many types of heat exchanger that used based on the 

application. For example, double pipe heat exchanger is used in chemical process like 

condensing the vapor to the liquid. When to construct this type of heat exchanger, the 

size of material that want to uses must be considered since it affected the overall heat 

transfer coefficient. For this type of heat exchanger, the outlet temperature for both hot 

and cold fluids that produced is estimated by using the best design of this type of heat 

exchanger. 

 

1.2  PROBLEM STATEMENT 

 

The double pipe heat exchanger is used in industry such as condenser for 

chemical process and cooling fluid process. This double pipe heat exchanger is designed 

in a large size for large application in industry. For this research, the small heat 

exchanger of double pipe type is constructed which wants to make it practicality in 

daily life such in cooling the hot air from engine bay into intake manifold of car. To 

make this small double pipe heat exchanger type become practicality, the best design for 

this small double pipe heat exchanger is choose.  
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1.3  OBJECTIVES OF RESEARCH 

 

The objectives of this research are as follows: 

 

i. To study about heat transfer analysis in heat exchanger.  

ii. To design the heat exchanger based on TEMA specification. 

 

1.4  SCOPES OF RESEARCH 

 

The scopes of this research are as follows: 

 

i. Study on heat transfer for heat exchanger specific to double pipe heat 

exchanger types. 

ii. Construct and simulate calculator for double pipe heat exchanger by using 

Visual Basic 6.0. 

iii. Design the double pipe heat exchanger by using Solidwork. 

iv. Fabricated the double pipe heat exchanger by using sawing, flame-cutting, 

oxy-acetylene welding and drilling process. 

v. Analysis the heat exchanger specific to flow rate of hot and cold fluid. 

 

1.5  SIGNIFICANCE OF RESEARCH 

 

The significances of this research are as follows: 

 

i. To determine the best design for double pipe heat exchanger type.  

ii. To fabricate the double pipe heat exchanger. 

 

 

 

 

 



3 
 

 

 

 

CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1  INTRODUCTION 

 

This chapter discussed about definition of heat exchanger, functions of heat 

exchanger, applications of heat exchanger, criteria for heat exchanger selection, fluid 

fundamental in heat exchanger, type of heat exchanger, construction of double pipe heat 

exchanger, flow arrangement in heat exchanger, overall heat transfer coefficient of 

double pipe heat exchanger, log mean temperature difference (LMTD) method for 

double pipe heat exchanger, effectiveness-ntu method for double pipe heat exchanger 

 

2.2  DEFINITION OF HEAT EXCHANGER 

 

Heat exchanger is a device, such as an automobile radiator, used to transfer heat 

from a fluid on one side of a barrier to a fluid on the other side without bringing the 

fluid into direct contact (Fogiel, 1999). Usually, this barrier is made from metal which 

has good thermal conductivity in order to transfer heat effectively from one fluid to 

another fluid. Besides that, heat exchanger can be defined as any of several devices that 

transfer heat from a hot to a cold fluid. In engineering practical, generally, the hot fluid 

is needed to cool by the cold fluid. For example, the hot vapor is needed to be cool by 

water in condenser practical. Moreover, heat exchanger is defined as a device used to 

exchange heat from one medium to another often through metal walls, usually to extract 

heat from a medium flowing between two surfaces. In automotive practice, radiator is 

used as heat exchanger to cool hot water from engine by air surrounding same like 

intercooler which used as heat exchanger to cool hot air for engine intake manifold by 
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air surrounding. Usually, this device is made from aluminum since it is lightweight and 

good thermal conductivity.   

 

2.3  FUNCTION OF HEAT EXCHANGER 

 

Heat exchanger is a special equipment type because when heat exchanger is 

directly fired by a combustion process, it becomes furnace, boiler, heater, tube-still 

heater and engine. Vice versa, when heat exchanger make a change in phase in one of 

flowing fluid such as condensation of steam to water, it becomes a chiller, evaporator, 

sublimator, distillation-coloumn reboiler, still, condenser or cooler-condenser. Heat 

exchanger may be designed for chemical reactions or energy-generation processes 

which become an integral part of reaction system such as a nuclear reactor, catalytic 

reactor or polymer (Fogiel, 1999). Normally, heat exchanger is used only for the 

transfer and useful elimination or recovery of heat without changed in phase. The fluids 

on either side of the barrier usually liquids but they can be gasses such as steam, air and 

hydrocarbon vapour or can be liquid metals such as sodium or mercury. In some 

application, heat exchanger fluids may used fused salts.  

 

2.4  WHERE CAN FIND HEAT EXCHANGER 

 

2.4.1 VEHICLE 

 

Generally, the vehicle such as car and lorry is used petrol or diesel internal 

combustion engine where generated high heat and temperature which can affect 

durability of engine in long term and long journey. Moreover, the metal part of engine 

such as the crank shaft is quickly overheated and then, makes its life more short. This 

problem can be overcome by cooling this engine using radiator as a heat exchanger. 

From Figure 2.1, the hot coolant such as water which comes from the internal 

combustion of engine is pumped to radiator by water pump. The air from surrounding is 

exchanged the heat between the hot coolant at the radiator. Then, the hot coolant 

become cold and entered again to engine. Furthermore, other heat exchanger where used 

in vehicle is intercooler which designed for force induction engine such as turbocharged 

engine as shown in Figure 2.2. The hot air from the turbocharger is flowed through the 
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tubes inside the intercooler where the air from surrounding passed through this tubes 

and fins in the intercooler. At this time, heat is transferred from the tubes and fins to the 

cool surrounding air which produced cold air in the tubes. Then, this cold air is entered 

to the air intake of the engine. Based on theory, the cold air is denser and more 

molecules were carried. As a result, the performance of car is increased.  

 

 
 

Figure 2.1: Radiator  

 

Source: Walker (1982) 

 

 
 

Figure 2.2: Turbocharger engine  

 

Source: Walker (1982) 
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2.4.2 LABORATORY 

 

Condenser is a device used to cool a vapor to cause it to condense to a liquid. 

The laboratory condenser has a straight tube which insulated with glass jacket. From 

Figure 2.3, the hot vapor produced by chemical reaction passes over the tube where 

thermometer recorded the point vapor temperature. Then, the vapor is flowed in 

condenser which cooled by cold water and the vapor is condensed to liquid. From heat 

transfer theory, the hot vapor was transferred heat to cold fluid until the hot vapor was 

cooled at certain temperature and become the liquid state. Lastly, this liquid as known 

as distillate is collected in receiver.  

 

 
 

Figure 2.3: Condenser  

 

Source: Walker (1982) 

 

2.4.3 HOUSE 

 

This type of water heater as shown in Figure 2.4 is difference by conventional 

water heater which used the water is heated in tank. For this type of water heater, it use 
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concept of heat exchanger where the water is instantly heated through the heat coils in 

the heater. The process is begin with the water entered the heater and the flow sensor is 

detected the water flow. Then, the computer automatically ignited the burner by using 

gas as a medium combustion and the burner is blow by fan. At same time, the water is 

circulated and heated in the heat exchanger at demand temperature. Finally, the hot 

water is produced. 

 

Beside that, the heat exchanger can be found in house device such as a freezer 

where fish and vegetables is keep. Freezer is a device where taking the heat from inside 

the storage place and transferring the heat into the outside or environment. Generally, 

the freezer contain by compressor, condenser, drier, capillary tube and evaporator coil 

as shown in Figure 2.5. Firstly, the compressor pressurizes the refrigerant gas and 

pumped it around the system. After that, the gas is passed through the condenser coil 

where the heat is rejected to surrounding. Next, the gas passed through the drier to 

remove the dirt and enter the capillary tube which experience high pressure. Lastly, the 

cold gas is passed through the evaporator coil where the pressure is dropped and the gas 

is conducted the heat from storage place which make this place more cooled. This 

process of freezer system is repeated. 

 

 
 

Figure 2.4: Water heater  

 

Source: Walker (1982) 

 



8 
 

 
 

Figure 2.5: Water heater system  

 

Source: Walker (1982) 

 

2.4.4  INDUSTRY 

 

Superheater as shown in Figure 2.6 is a heat exchanger for heating steam above 

212°F (100°C) at atmospheric pressure. In water tube boiler, initially, water tube from 

feedwater drum is heated by hot gas which produced by burning fuel in furnace. Then, 

this heated water in tube is raised into the steam drum and formed saturated steam. After 

that, this saturated steam is drawn off at the top of steam drum. Finally, this saturated 

steam was entered the superheater and produced superheated water.  

 

Moreover, gas engine chiller is used in industry for cooling process such as 

water. Operation cost for the gas engine chiller is less than the electric chiller since the 

engine that provides energy for compressor is generated heat. This heat can be using for 

other purpose. From Figure 2.7, initially, the compressor is generated by the gas engine 

where applied the pressure to the gas in the system which result reduction in volume 

and increments in temperature. After that, the hot gas is entered the condenser where the 

cold water is used to cool the hot refrigerant gas and condensed it to the liquid. Next, 

the liquid refrigerant is entered the expansion valve where the liquid pressure is reduce 
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which result reduction in the boiling point of refrigerant liquid. Lastly, the refrigerant 

liquid entered the evaporator where evaporated immediately due to lower pressure and 

absorbed the heat from the water system which makes the water more cooled. 

  

 
 

Figure 2.6: Superheater  

 

Source: Walker (1982) 

 

 
 

Figure 2.7: Superheater system  

 

Source: Walker (1982) 
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2.3  CRITERIA FOR HEAT EXCHANGER SELECTION 

 

The selection of heat exchanger from various type of heat exchanger should 

following some criteria which are: 

 

1) The heat exchanger must be satisfying the process specification. 

2) The heat exchanger must withstand the service conditions of the plant 

environment where it must resisted corrosion and fouling. 

3) The heat exchanger must be maintainable which allowed cleaning and 

replacement of any component. 

4) The heat exchanger should be cost effective including installed operating 

costs, maintenances costs and loss of production which caused by exchanger 

unavailability.  

5) The diameter, length, weight and tube configurations of heat exchanger 

should followed site requirement, lifting and servicing capabilities or 

inventory considerations. 

 

 

2.4  FLOW ARRANGEMENTS OF HEAT EXCHANGER 

 

Heat exchanger can be classified according to the fluid-flow path through the 

heat exchanger. It can be classified into three categories which are parallel-flow, 

counter-flow and cross flow. From Figure 2.9, in parallel-flow heat exchanger, the two 

fluids enter together at one end which flowed through in the same direction and leave 

together at other end. From Figure 2.10, in counter-flow heat exchanger, the two fluids 

is flowed in opposite direction. In a single cross flow heat exchanger, one fluid flows 

through the heat transfer surface at the right angles to the flow path of the other fluid 

(Fogiel, 1999).  In cross flow heat exchanger, it have two arrangements which are the 

cross flow fluid unmixed and other flowed fluid unmixed as shown in Figure 2.14 or the 

cross flow fluid mixed and other flowed fluid unmixed as shown in Figure 2.15. In cross 

flow, it has multi pass cross flow arrangement which can be organized by a basic series 

arrangement such as U-baffled tube single-pass shell-and-tube heat exchanger as shown 

in Figure 2.8 (Yunus, 2006). In this type of heat exchanger, one fluid flow through the 



11 
 

U-tube while the other fluid flow downward and upward across the flow path of U-tube 

which can be classified to cross-counter and cross-parallel flow arrangements.  

 

 
 

Figure 2.8: Multipass crossflow arrangement  

 

Source: Fogiel (1999) 

 

2.5  FLUID FUNDAMENTALS IN HEAT EXCHANGER 

 

Generally, heat exchanger is a device which used to exchange heat from one 

fluid to another often through metal walls. This heat transfer depended on physical 

characteristics of the fluids involved including their density, ρ, specific heat, thermal 

conductivity, k, and dynamic viscosity. For density of fluid, it represented the fluid 

mass per unit volume. This density can be used to convert a measurement from mass 

flow rate to volume flow rate and also the velocity of fluid flow as shown in Equation 

2.1 and Equation 2.2. This density is important when to determine the overall heat 

transfer coefficient for heat exchanger. For heat exchanger, the mass flow rate for fluid 

is constant but the volume flow rate is changes due to temperature and pressure 

especially for a gas. For specific heat of fluid at constant pressure, it represented the 

amount of heat required to raise temperature by one degree (Fogiel, 1999). This specific 

heat related with quantity of transferred heat to the change of temperature of fluid when 

pass through the heat exchanger. For thermal conductivity, it represented the ability of 

the fluid to conduct heat. For dynamic viscosity, μ, it represented the fluid resistance to 
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flow. It use for determination the Reynold number of flowed fluid either laminar or 

turbulent flow as shown in Equation 2.1 to 2.3. The fluid with high dynamic viscosity 

produces high pressure loss due to the shear resistance along the heat exchanger surface. 

Moreover, laminar flow heat transfer relies entirely on the thermal conductivity of the 

fluid to transfer heat from inside a stream to a heat exchanger wall. For turbulent flow, it 

produces better heat transfer because the fluid is mixed. Laminar flow produces smallest 

in the pressure loss which increases linearly with flow velocity. 

  

v̇ = ṁ
ρ
                                                                  (2.1) 

 

V = ṁ
ρAc

                                                                (2.2) 

 

Re = VD
υ

                                                               (2.3) 

 

2.6  TYPE OF HEAT EXCHANGER  

 

2.6.1  DOUBLE PIPE HEAT EXCHANGER 

 

The double-pipe heat exchanger or known as Hairpin heat exchanger is the 

simplest type of heat exchanger which contained two concentric pipes of different 

diameter as shown in Figure 2.9 and Figure 2.10. One of fluid in a double-pipe heat 

exchanger flows through the inner or smaller pipe while the other fluid flows through 

annular space between the two pipes. Two types of flow arrangement for this type heat 

exchanger are parallel flow and counter flow. In parallel flow as shown in Figure 2.9 , 

both the hot and cold fluids are entered the heat exchanger at the same inlet themselves 

and move in same direction, vice versa in counter flow as shown in Figure 2.10, the hot 

and cold fluids enter the heat exchanger at the opposite inlet and move in opposite 

direction (Yunus,2006). 
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Figure 2.9: Double tube heat exchanger (parallel flow)  

 

Source: Yunus (2006) 

 

 
 

Figure 2.10: Double tube heat exchanger (counter flow)  

 

Source: Yunus (2006) 

 

2.6.2  SHELL AND TUBE HEAT EXCHANGER 

 

Shell and tube heat exchanger is type of heat exchanger which has many of 

tubes that packed in a shell as shown in Figure 2.12. For this type of heat exchanger, 

the fluid is flow in the tubes while other fluid is flow in the shell through the tubes 

where heat is transferred in both tubes and shell. Moreover, the baffles also place in 

the shell in order to force the fluid in the shell to flow across the tubes (Yunus, 2006). 

This type of heat exchanger also has headers at both side of end the shell where fluid 

in the tubes is accumulates before entering and leaving the tubes. This shell and tube 

heat exchanger is classified according to the number of shell and tube. For example 
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one-shell passes and two-tubes pass heat exchanger as shown in Figure 2.11 and two-

shells pass and two-tubes pass heat exchanger as shown in Figure 2.12. 

 

Spiral tube heat exchanger is also classified in shell and tube where the coil 

assembly fitted in a compact shell to optimize the space and heat transfer efficiency. 

Every spiral coil assembly has welded tube which jointed together with manifold. 

The coil assembly is welded to a head and fitted in a compact shell where the gaps 

between the coil of spiral tube become shell side flow path as shown in Figure 2.13. 

The spiral shape of tube and shell flow created centrifugal force which increased the 

heat transfer in counter-flow arrangement. 

 

 
 

Figure 2.11: One-shell passes and two-tubes pass heat exchanger  

 

Source: Yunus (2006) 

 

 
 

Figure 2.12: Two-shells pass and two-tubes pass heat exchanger  

 

Source: Yunus (2006) 
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Figure 2.13: Spiral tube heat exchanger  

 

Source: Walker (1982) 

 

2.6.3  COMPACT HEAT EXCHANGER 

 

Compact heat exchanger is type of heat exchanger which have implying surface 

area density larger than around 200m²/m³ where presented hydraulic area diameters 

smaller than around 14mm (Kays and London,1984). In this type of heat exchanger, the 

two fluids are moved perpendicularly with each others which called as cross-flow but 

not mixed. For cross-flow, these flow configurations have two class. First is unmixed 

and second is mixed. From Figure 2.14, for unmixed, the fluid is flowed through a tubes 

between the plates which the flow is prevented to move in transverse direction or 

parallel to the tubes. From Figure 2.15, the fluid is flowed through the tubes which the 

flow is free to move in transverse direction. Compact heat exchanger can achieve high 

heat transfer rates between two fluids in small volume and lightweight of heat 

exchanger. Moreover, usually, compact heat exchanger is designed gas-to-gas and gas-

to-liquid or liquid-to-gas heat exchanger to overcome the low heat transfer coefficient 

by gas with increased surface area. 
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Figure 2.14: Compact heat exchanger (unmixed)  

 

Source: Walker (1982) 

 

 
 

Figure 2.15: Compact heat exchanger (mixed)  

 

Source: Walker (1982) 
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2.6.4  FLAT PLATE HEAT EXCHANGER 

 

This flat plate heat exchanger as shown in Figure 2.16 is the type of heat 

exchanger where transfer heat from one medium to other which separate by the plates. 

This type of heat exchanger consist the separate thin plates that have large surface area 

and the fluid passages which move the heat easily (Afgan, 1974). The hot and cold fluid 

flowed in the passages which cold fluid flow is surrounded by hot fluid flow which 

makes the heat transfer very effective. This liquid-to-liquid of heat exchanger can be 

used many of plates based on the demand or application that want to use.  

 

 
 

Figure 2.16: Flat plate heat exchanger  

 

Source: Afgan (1974) 

 

2.7  COSTRUCTION OF DOUBLE-PIPE HEAT EXCHANGER 

 

Generally, double-pipe heat exchanger or known as hairpin heat exchanger is 

made with concentric inner and outer pipe where one pipe is placed in other tube with 

specified size in inner diameter, D, outer diameter, D and length, L. These sizes are 

influence in the overall heat transfer coefficient for the heat exchanger as shown in 

Equation 2.4 to Equation 2.9. Cold and hot fluids are flowed either in the inner pipe or 

gap between outer and inner pipe as shown in Figure 2.17. From Figure 2.17, the inner 
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pipe is connected with U-tube while the outer tube is connected with the outer tube is 

connected with direct tube. The structure of this heat exchanger is simple compared to 

other type of heat exchanger but heat transferred is large. Moreover, this type of heat 

exchanger is easy to clean since it is easy to assemble or disassemble. 

 

 
 

Figure 2.17: Hairpin heat exchanger  

 

Source: Schlunder (1982) 

 

2.8 OVERALL HEAT TRANSFER COEFFICIENT OF DOUBLE PIPE 

 HEAT EXCHANGER 

 

The double tube heat exchanger have two flowing fluid which separated by solid 

wall. From Figure 2.18, initially, the heat is transferred from the hot fluid to the wall by 

convection through the wall, then through the wall by conduction and lastly from the 

wall to the cold fluid by convection (Yunus, 2006). For double pipe heat exchanger, the 

total thermal resistance can be shown in Equation 2.4. From Equation 2.7, we get the 

overall heat transfer coefficient become as Equation 2.8 by cancelling ΔT. For double 

pipe heat exchanger which small thickness of the tubes and the thermal conductivity of 

the material tube is high, the thermal tube is negligible where )0( ≈wallR and the inner 

and outer surfaces of the tube are almost same where soi AAA ≈≈ . So, the overall heat 

transfer coefficient become as Equation 2.9.    
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Figure 2.18: Heat transfer of double pipe heat exchanger  

 

Source: Yunus (2006) 
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2.9 LOG MEAN TEMPERATURE DIFFERENCE (LMTD) METHOD FOR 

 DOUBLE PIPE HEAT EXCHANGER  

 

Generally, double heat exchanger is used in industry as a cooling or heater 

device such as condenser. This heat exchanger is very large and required some method 

or way to designed it. So, this LMTD method can assist for this design process since 

this method is easy to use when make analysis. This method is suitable for determining 

the size of a heat exchanger since the inlet and outlet temperature and mass flow rates 

for both flowed fluid is known (Yunus, 2006). The procedure for these methods are as 

followed: 

 

1) The type of heat exchanger is selected which suitable for application. 

 

2) Inlet and outlet temperature and heat transfer rate are calculated by using  

Eq. (2.10). 

 

)()( ,,,, outhinhphhincoutcpcc TTCmTTCmQ −=−=                           (2.10) 

 

3) The log mean temperature difference is calculated by Eq. (2.11), (2.12), 

(2.13) for parallel flow and Eq. (2.14) and (2.15) for counter flow.  

 

)ln( 21

21

TT
TTTlm ∆∆

∆−∆
=∆                                                  (2.11) 

 

 incinh TTT ,,1 −=∆                                                      (2.12) 

 

outcouth TTT ,,2 −=∆                                                   (2.13) 

 

outcinh TTT ,,1 −=∆                                                               (2.14) 

 

incouth TTT ,,2 −=∆
                                                             (2.15) 
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4) The value of the overall heat transfer coefficient is calculated by Eq. (2.16) 

to Eq. (2.17). 

lm
s TU

QA
∆

=                                                          (2.16) 

 

DLAs π=
                                                                        (2.17) 

 

5) The heat transfer surface area is calculated by Eq. (2.16) and either long or 

diameter of tube is founded by Eq. (2.17). 

  

2.10 EFFECTIVENESS-NTU METHOD FOR DOUBLE PIPE HEAT 

 EXCHANGER 

 

This method is suitable for this type of heat exchanger since the size of tube, 

inlet temperature and mass flow rates for both flowed fluid is known (Yunus, 2006).  

The procedure for these methods are as followed: 

 

1) The heat capacity rates for hot and cold fluid are calculated by using Eq. 

(2.18) and (2.19). 

 

phhh CmC =                                                                     (2.18) 

 

pccc CmC =                                                          (2.19) 

 

2) The minimum heat capacity rates is determined by using Eq. (2.20) and 

constant, c is calculated by using Eq. (2.21). 

 

),min(min ch CCC =                                                  (2.20) 

max

min

C
Cc =                                                           (2.21) 

 

3) The maximum heat transfer rate is calculated by using Eq. (2.22). 
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)( ,,minmax incinh TTCQ −=                                            (2.22) 

 

4) The heat transfer surface area is calculated by using Eq. (2.23). 

 

DLAs π=
                                                                        (2.23) 

 

5) The value of the overall heat transfer coefficient is calculated by using Eq. 

(2.4) to Eq. (2.9) as shown in chapter 2.9. 

 

6) The value of NTU is founded by using Eq. (2.24). 

 

minC
UA

NTU s=

                                                                   
 (2.24) 

 

7) The effectiveness of heat exchanger is calculated by using Eq. (2.25) for  

parallel and Eq. (2.26) for counter flow. 

 

c
cNTU

+1
)]+1(exp[1 −−

=ε
                                                       

 (2.25) 

 

)]+1(exp[1
)]+1(exp[1
cNTUc

cNTU
−−
−−

=ε
                                                    

 (2.26) 

 

8) The actual rate of heat transfer is calculated by using Eq. (2.27). 

 

maxQQ ε=                                                          (2.27) 
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9) The outlet temperature for cold and hot flowed fluid is determined by using 

Eq. (2.28) and (2.29). 

c
incoutc C

QTT +,, =
                                                             

 (2.28) 

 

h
inhouth C

QTT -,, =
                                                   

 (2.29) 
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CHAPTER 3 

 

 

SIMULATION 

 

 

3.1 INTRODUCTION 

  

For this research, the problems statement is identified which related with design 

of heat exchanger specific to double pipe type. In this research, the current technology 

that relate with design of double pipe heat exchanger is investigated such as intercooler. 

The problem which wants to solve is choose the best design of small double pipe heat 

exchanger. So, topic that related with heat transfer process in heat exchanger is 

concentrated. For this case, the main consideration for designed the double pipe heat 

exchanger type is studied. After that, literature review is prepared about the topic 

related. Next, we have prepared calculator by using Visual Basic 6.0 with choose and 

arranged suitable equation of heat transfer. Then, the inlet and outlet temperature of 

both fluids are specified together with the flow rate and the material for the heat 

exchanger is choose based on the physical properties and size. After that, all the 

parameters are keyed in calculator. From the result, the best design is choose and the 

heat exchanger design is draw by Solidwork. The flow of project is shown in Figure 3.1.  
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3.2 FLOW OF PROJECT 

 

 

 

Figure 3.1: Project Flow 
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3.3  HEAT EXCHANGER CALCULATOR 

 

From literature review, for heat exchanger, the analysis can be doing in two 

methods either Log Mean Temperature Difference (LMTD) method or Effectiveness-

NTU method. For this design process, LMTD method is choosing for the basic 

construction of calculator for double pipe heat exchanger together with simple equation. 

The arrangement and choosing of the equations are shown below. After that, all the 

equations are transfer to Visual Basic 6.0 for calculator preparation as shown in Figure 

3.3. 

 

 
 

Figure 3.2: Double pipe heat exchanger (counter-flow)  

 

Source: Yunus (2006) 

 

For inner tube, 

 

 ih DD =                                                             (3.1) 

 

 V = hm
ρAc

                                                           (3.2) 

 

 Re =
V hD
υ                                                                     (3.3) 

 

      𝑁𝑢 = 0.023𝑅𝑒0.8𝑃𝑟0.4
                                                       (3.4) 
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ih � = k

hD
 𝑁𝑢                                                                  (3.5) 

  

For outer tube, 

 

 ioh DDD −=                                                                      (3.7) 

 

 V = cm
ρAc                                                                          (3.8) 

 

 Re =
V hD
υ                                                                      (3.9) 

 

 𝑁𝑢 = 0.023𝑅𝑒0.8𝑃𝑟0.4
                                                   (3.10) 

 

 
oh � = k

hD
 𝑁𝑢                                                             (3.11) 

  

For overall heat transfer coefficient, 

 

 )1+11/(=
oi hh

U                                                          (3.12) 

 

Using LMTD method for 2nd calculator, 

 

 )()( ,,,, outhinhphhincoutcpcc TTCmTTCmQ −=−=                       (3.13) 

 

 
pcc

incoutc Cm
QTT +,, =                                                  (3.14) 

 

 outcinh TTT ,,1 −=∆                                                     (3.15) 
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 incouth TTT ,,2 −=∆                                                    (3.16) 

 

 )ln( 21

21

TT
TTTlm ∆∆

∆−∆
=∆                                                  (3.17) 

 

 
lm

s TU
QA
∆

=                                                        (3.18) 

 

 
D

A
L s

π
=                                                           (3.19) 

 

 
 

Figure 3.3: Heat Exchanger Double Pipe Calculator 1 
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Figure 3.4: Heat Exchanger Double Pipe Calculator 2 

 

3.4  SPECIFIED TEMPERATURE AND FLOW RATE OF HEAT 

 EXCHANGER 

 

 For this project, the hot air from car engine bay where absorbed by the filter as 

shown in Figure 3.5 want to cooling down by using the water. For the average hot air 

temperature, avghT ,  where measured from operation of the car around 15 minute is 50°C.  

While for the average cold water temperature, avgcT ,  where measured from the normal 

temperature of water pipe is 30°C. For the hot air, the mass flow rate, hm is 0.222 kg/s. 

While, for the mass flow rate of cold water, cm  is 0.249 kg/s.  
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Figure 3.5: Car engine bay 

    

3.5 CHOOSE THE MATERIAL FOR HEAT EXCHANGER 

 

 To compare and identify engineering materials, it is important to understand the 

meaning of their common properties such as heat properties. Heat conductivity is the 

ability of a material to conduct heat. Metals are good conductors of heat and non-metals 

are poor conductor of heat. From figure 3.3, inner tube of heat exchanger are required 

the best of metals for conducting since it has high thermal conductivity. For outer tube 

of the heat exchanger, it is required the poor conductor of heat such as wood or plastic 

but for the construction of heat exchanger, we should used metal that has low thermal 

conductivity since it can resisted high pressure. From Table A.1 in Appendix A and the 

market survey, the best material for this double tube heat exchanger is the commercial 

bronze copper since this type of copper is using for construction of air-condition. This 

type of copper has 52W/m.K of thermal conductivity. This copper tube is suitable for 

inner tube to exchange the heat between cold water and hot air. While for outer tube, the 

suitable material is AISI 304 Stainless Steel since this type of metal is using for exhaust 

car piping and can resisted high pressure of water. This type of Stainless Steel has 14.9 

W/m.K of thermal conductivity.  
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Figure 3.6: Double tube heat exchanger  

 

Source: Yunus (2006) 

 

3.6   SIMULATED HEAT EXCHANGER DESIGN WITH MICROSOFT 

 VISUAL BASIC 6.0 

  

After get the mass flow rate and average temperature for hot air and cold water, 

we key in all parameter of hot air and cold water in Microsoft Visual Basic 6.0 

calculator and we get the result as shown in Table 3.2 by using parameter below: 

  

 avghT , = 50°C  avgcT , = 30°C 

 

 hm = 0.222 kg/s cm = 0.249kg/s 

 

 inhT , = 70°C  outhT , = 35°C  incT , = 30°C  
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Table 3.1: Design of heat exchanger 

 

 

Design 

Inlet 

diameter 

of inner  

tube, Di 

(m) 

Outer 

diamete

r of 

outer 

tube, Do 

(m) 

Overall 

heat 

transfer 

coefficient

, U 

(W/m.K) 

Total 

length of 

heat 

exchanger

, L (m) 

1 0.025 0.050 485.790 0.800 

2 0.050 0.076 186.237 0.930 

3 0.064 0.076 146.992 0.920 

4 0.076 0.089 108.997 1.045 

 

 

3.7 CHOOSE THE DESIGN 

 

 After calculated the all parameter such as the overall heat transfer coefficient 

and the length of heat exchanger based diameter of inner tube and outer tube, from 

Table 3.2, the design is choose from the tube that has short length since the heat 

exchanger is required more compact since Hairpin heat exchanger style is used. From 

the result, Design 1 is the best where 0.800m of total length with the inlet diameter of 

inner tube is 0.025m and the outer tube diameter of outer tube is 0.050m. 

 

 

3. 8 THE HEAT EXCHANGER DESGN BASED ON TEMA SPECIFICATION 

  

After choose the best design based on all the parameter, the heat exchanger is 

drawing by using Solidwork based on TEMA specification such in Figure 3.7, Figure 

3.8 and Figure 3.9. For this project, the double tube heat exchanger drawing is based on 

Hairpin heat exchanger such in Figure 3.6. since it is more compacted. Hairpin heat 

exchangers are characterized by a construction form which imparts a U-shaped 

appearance to the heat exchanger. In its classical sense, the term double pipe refers to a 
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heat exchanger consisting of a pipe within a pipe, usually of a straight-leg construction 

with no bends. However, due to the need for removable bundle construction and the 

ability to handle differential thermal expansion while avoiding the use of expansion 

joints (often the weak point of the exchanger), the current U-shaped configuration has 

become the standard in the industry. A further departure from the classical definition 

comes when more than one pipe or tube is used to make a tube bundle, complete with 

tube sheets and tube supports similar to the TEMA style exchanger. From Figure 3.7, 

type E is choosing for the tube. From Figure 3.8, for the end of the heat exchanger, type 

A and B are choosing. From 3.9, for connection of tube to tube, type U is choosing. 

From the parameters that given in Design, the final result is produced as shown in 

Figure 3.1 and for the dimension involved is shown Appendices B.2. 

   

 
 

    Figure 3.7: Hairpin heat exchanger 

 

Source: Schlunder (1982) 
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Figure 3.8: Shell Type 

 

Source: Schlunder (1982) 

 

 
 

Figure 3.9: Front End Stationary Head Type 

 

Source: Schlunder (1982) 
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Figure 3.10: Rear End Head Type 

 

Source: Schlunder (1982) 

 

 
 

Figure 3.11: Heat exchanger drawing 
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CHAPTER 4 

 

 

FABRICATION  

 

 

4.1  INTRODUCTION 

 

 In this chapter, the heat exchanger is fabricated by following methods that state 

clearly in this chapter based on Solidwork drawing as shown in Figure B.2 in Appendix 

B. The fabrication of heat exchanger is involved measurement process where the 

parameters involve in the design should be precise in order to achieve best cooling 

process. For this fabrication, the fabrication process is performed part by part which 

started with part of Shell, Front End Stationary Head and Rear End Head. 

 

4.2 SAWING THE TUBE METAL 

 

 To cutting the material for the heat exchanger tube, we required sawing process 

to cut the material according the length of tube, L. For sawing process, we can  use 

hacksaw as shown in figure 3.10 which use manually by hand or power hacksaw as 

shown in Figure 3.11 which generated by machine. To use the hacksaw for cutting the 

tube of heat exchanger, we should follow this instruction: 

 

i. The teeth of the blade should face the direction of cut and the blade should 

be correctly tension. 

ii. The rate of sawing should not exceed 50 to 60 strokes per minute. 

iii. Always start a new cut with new blade. 

 

While for power hacksaw for fast cutting the tube of heat exchanger, we should follow 

this instruction: 
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i. A coolant should always be used to keep the blade cool and to flush away 

the chips. 

ii. The work piece should be securely fastened in the machine vice before 

cutting (Roger, 2008). 

 

 
 

Figure 4.1: Hacksaw 

 

Source: Roger (2008) 

 

 
 

Figure 4.2: Power Hacksaw 

 

Source: Roger (2008) 
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4.3 FLAME-CUTTING THE PLATE METAL 

 

 Since we cannot use to drill the big diameter of hole of plate, we can use flame-

cutting as shown in Figure 3.12. It can be used for cutting plain carbon steel since the 

process depends upon a chemical reaction between the hot steel and a stream of high 

pressure oxygen (Roger, 2008). Despite its appearance a set of flame-cutting equipment 

is not same as welding equipment although it looks similar. It provides a ring of flames 

to preheat the metal being cut to 870-900°C. When the metal reaches this  ignition 

temperature, a powerful jet of pure oxygen is released into the centre of the preheated 

area. The oxidizing reaction help to heat up the metal being cut and the process become 

continuous. 

 

 
 

   Figure 4.3: Flame cutting equipment 

 

Source: Roger (2008) 

 

4.4  OXY-ACETYLENE WELDING 

 

To join the tube and other part, we are required the welding process. The type of 

welding that suitable with stainless steel and copper tube is oxy-acetylene welding as 

shown in Figure 3.13 since the oxy-fuel flame provides the heat required at high enough 

temperature to melt most engineering materials in common use (Roger, 2008). 
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Figure 4.4: Oxy-acetylene welding  

 

Source: Roger (2008) 

 

4.5  DRILLING SHEET METAL 

For rear end of the plate heat exchanger, we required to make the hole on the 

steel plate. So we can use portable electric machine to drill the small hole for bolt and 

nut. Besides that, we can use the bench drilling machine as shown in Figure 3.14 to 

saving our time. It is capable of accepting drills up to 0.5 inch diameter (Roger, 2008).  

 

 
 

   Figure 4.5: The Bench Drilling Machine  

 

Source: Roger (2008) 

 



40 
 

4.6  SHELL PART 

 

From Figure 4.1, we start fabricated the heat exchanger with sawing 0.0604 m 

diameter of the stainless pipe by 1m for 3 units and the copper tube by 1m for 1 unit and 

1.15m for 2 unit as shown in Figure 4.2 and drill the hole with 0.02m in each side . 

Next, we use flame cutting to make 0.0504 m diameter of hole on 4 steel plate and drill 

16 holes with 0.005 m diameter as shown in Figure 4.3 and filling it. Then, we are used 

oxy-acetylene welding to join the stainless pipe, copper tube, 0.02m diameter of metal 

pipe with the plate as shown in Figure 4.4 and 4.5.   

 

 
 

Figure 4.6: Shell (TEMA) 

 

Source: Schlunder (1982) 

 

 
 

Figure 4.7: Sawing on stainless steel pipe  

 

Source: Roger (2008) 
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Figure 4.8: Flame cutting result 

 

 
 

Figure 4.9: Welding on steel plate and stainless steel pipe 
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Figure 4.10: Welding on stainless steel pipe and small steel pipe 

 

4.7  REAR END HEAD PART 

 

From Figure 4.6, we use oxy-acetylene welding with copper rod to join two of 

the copper junction tube with the steel plate as shown in Figure 4.7.  

 

 
 

Figure 4.11:  Rear end head (TEMA) 

 

Source: Schlunder (1982) 
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Figure 4.12: Rear end head part 

 

4.8  FRONT END STATIONARY HEAD 

 

From Figure 4.8, we use we use oxy-acetylene welding with copper rod to join 

the small chamber steel with the end of stainless steel pipe as shown in Figure 4.9. 

 

 
 

Figure 4.13: Front End Stationary Head  

 

Source: Schlunder (1982) 
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Figure 4.14: Rear end head welding 

 

4.9  ASSEMBLY THE PARTS 

 

After all of the parts are finished for fabrication process, we want to assemble all 

the part by using bolt and nut as shown in Figure 4.10. 

 

 
 

Figure 4.15: Heat exchanger assembly 
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4.10  AIR/WATER TEST FOR HEAT EXCHANGER 

 

After assembly of heat exchanger is finished, we want to check lacking of the 

heat exchanger by using the air and water as shown in Figure 4.11. This process is 

important for both fluid flows in the copper tube and stainless steel pipe in order to 

make sure the both fluid is out through the lacking. 

 

 
 

Figure 4.16: Heat exchanger air/water test 
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CHAPTER 5 

 

 

RESULTS AND DISCUSSIONS 

 

 

5.1  INTRODUCTION 

  

 For this chapter, the experiment is conducted to test the design of double tube 

heat exchanger. The design is tested by using hot air gun to produce hot air where need 

to be cooling down by cold water. The all parameter that involved in this design 

including the inlet and outlet temperature of hot air and cold water and also the mass 

flow rate of both fluids are analyzed. From the experiment, we make comparison the 

results based on their parameter that is manipulated. 

 

5.2  EXPERIMENT OF HEAT EXCHANGER 

 

 After fabrication processes of heat exchanger are finished, the experiment has 

conducted to analyze the design of heat exchanger. The experiment is conducted based 

on this procedure: 

 

1) All of apparatus including heat exchanger, hair dryer, thermometers and 

piping system are set up as shown in Figure 3.15. 

2) The valve of pipe is fully opened and the flow rate of water is measured by 

using 1 liter container over the time. 

3) Speed 1 of the hair dryer is turn ON and the flow rate of air is measured. 

4) The thermometers are reading based on time and the inlet and outlet 

temperature are fill in Table 5.3. 

5) Step 1 to 4 are repeated by using small flow rate of water and high flow rate 

of air by using speed 2 of hair dryer. 
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Figure 5.1: Apparatus configuration 

 

 

5.3 EXPERIMENT RESULT 

  

The results are shown in Table 5.1 and Table 5.2. From the result, the small 

difference between outlet and inlet temperature for cold water is increase just around 

0.5°C but the big difference in inlet and outlet temperature for hot air which drop 

around 30°C at time of 65 minute. For comparison between Table 5.1 and 5.2, when 

high flow rate of water is used from 0.00008(m³/s) to 0.00025(m³/s) with constant air 

flow rate 0.0013(m³/s), the outlet hot air is drop fast. For example, at time of 30 minute, 

hot air drop from 49.1°C to 33.8°C where 15.3°C for initially flow rate of water and hot 

air drop from 49.4°C to 33.5°C where 15.9°C after increase the flow rate of water. 
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Table 5.1: Flow rate and temperature reading (1) 

 

Hot 

air 

flow 

hV =0.0013(m³/s) hm =0.0014(kg/s) 

Cold 

water 

flow 

cV =0.00008(m³/s) cm =0.07968(kg/s) 

Time 

(s) 

) °C(,inhT  ) °C(,outhT  ) °C(,incT  ) °C(,outcT  

5 30.9 29.6 29.9 29.4 

10 36.3 30.8 29.9 29.5 

15 39.4 31.2 29.8 29.6 

20 41.7 32.4 29.8 29.7 

25 45.5 32.5 29.8 29.7 

30 49.1 33.8 29.7 29.8 

35 53.5 34.6 29.8 29.8 

40 56.2 34.4 29.7 29.8 

45 57.4 34.5 29.7 29.8 

50 59.3 35.4 29.4 29.6 

55 60.2 35.6 29.0 29.1 

60 61.7 35.5 29.4 29.6 

65 67.7 36.9 29.0 29.1 
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Table 5.2: Flow rate and temperature reading (2) 

 

Hot air 

flow 
hV =0.0013(m³/s) hm =0.0014(kg/s) 

Cold 

water 

flow 

cV =0.00025(m³/s) cm =0.249(kg/s) 

Time (s) ) °C(,inhT
 

) °C(,outhT
 

) °C(,incT
 

) °C(,outcT
 

5 31.3 29.3 29.3 29.5 

10 33.9 30.9 29.4 29.6 

15 36.2 31.9 29.6 29.5 

20 40.5 32.0 29.7 29.3 

25 46.4 32.3 29.9 29.2 

30 49.4 33.5 29.9 29.3 

35 51.0 34.0 29.8 29.3 

40 53.1 34.2 29.5 29.3 

45 55.2 34.4 29.7 29.3 

50 57.2 35.5 29.5 29.4 

55 59.5 35.5 29.5 29.5 

60 60.3 35.6 29.5 29.6 

65 61.7 35.5 29.4 29.6 

 

5.4  EXPERIMENT ANALYSIS 

 

 For heat exchanger, the analysis is used Log Mean Temperature Difference 

(LMTD) where the all equation which involved is rearranged.  The arrangement and 

choosing of the equations are shown below. After that, Table 5.4 and Table 5.4 are 

constructed to find heat transfer rate, Q  and Log Mean Temperature Difference, lmT∆ by 

using Equation 5.2 to 5.5. After get the result, heat transfer rate, Q  and Log Mean 

Temperature Difference, lmT∆  is plotted as shown in Figure 5.2 and 5.3. From the graph 

as shown in Figure 5.2 and 5.3, the gradient of graph is found to get the overall transfer 
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coefficient as shown in Table 5.5. From the result which shown in Table 5.5, the overall 

transfer coefficient is increased from 7.404 (W/m².°C)U to 7.484 (W/m².°C)U  when 

water flow rate, cm is increased as shown in Equation 5.8 to 5.10. 

 

DLAs π=
                                                                          

(5.1) 

 

)( ,, outhinhphh TTCmQ −=                                                         (5.2)  

 

        outcinh TTT ,,1 −=∆                                                                (5.3) 

 

      incouth TTT ,,2 −=∆                                                               (5.4) 

 

     )ln( 21

21

TT
TTTlm ∆∆

∆−∆
=∆

                                                            
(5.5) 

 

)( gradientgraphm
T
Q

lm

−=
∆                                                    (5.7) 

 

lms T
Q

A
U

∆
=

1
                                                                    (5.8) 

 

lm

incoutcpcc

s T
TTCm

A
U

∆

−
=

)(1 ,,

                                                     (5.9) 

 

U α  cm                                                                     (5.10)
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Table 5.3: Analysis of heat exchanger (1) 

 

Hot 

air 

flow 

hV =0.0013(m³/s) 

hm =0.0014(kg/s) 

Cold 

water 

flow 

cV =0.00008(m³/s) 

cm =0.07968(kg/s) 

Time 

(s) ) °C(
,, outhinh TT −

 

)(wQ  ) °C(1T∆
 

) °C(2T∆
 

) °C(lmT∆
 

5 1.3 1.832 1.5 -0.3 0 

10 5.5 7.754 6.8 0.9 2.917 

15 8.2 11.560 9.8 1.4 4.137 

20 9.3 13.111 12 2.6 6.146 

25 13 18.327 15.8 2.7 7.415 

30 15.3 21.570 19.3 4.1 9.812 

35 18.9 26.645 23.7 4.8 11.836 

40 21.8 30.734 26.4 4.7 12.574 

45 22.9 32.284 27.6 4.8 13.035 

50 23.9 33.694 29.7 6.0 14.818 

55 24.6 34.681 31.1 6.6 15.805 

60 26.2 36.937 32.1 6.1 15.657 

65 30.8 43.422 38.6 7.9 19.352 
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Table 5.4: Analysis of heat exchanger (2) 

 

Hot 

air 

flow 

hV =0.0013(m³/s) 

hm =0.0014(kg/s) 

Cold 

water 

flow 

cV =0.00025 (m³/s) 

cm =0.249 (kg/s) 

Time 

(s) ) °C(
,, outhinh TT −

 

)(wQ  ) °C(1T∆
 

) °C(2T∆
 

) °C(lmT∆
 

5 2 2.820 1.8 0 0 

10 3 4.229 4.3 1.5 2.659 

15 4.3 6.062 6.7 2.3 4.115 

20 8.5 11.983 11.2 2.3 5.622 

25 14.1 19.878 17.2 2.4 7.515 

30 15.9 22.416 20.1 3.6 9.594 

35 17 23.967 21.7 4.2 10.656 

40 18.9 26.645 23.8 4.7 11.775 

45 20.8 29.324 25.9 4.7 12.422 

50 21.7 30.593 27.8 6.0 14.218 

55 24.0 33.835 30.0 6.0 14.912 

60 24.7 34.822 30.7 6.1 15.223 

65 26.2 36.937 32.1 6.1 15.657 
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Figure 5.2: Graph heat transfer rate versus Log Mean Temperature Difference (1) 

 

 
 

Figure 5.3: Graph heat transfer rate versus Log Mean Temperature Difference (2) 
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Table 5.5: Result of the overall transfer coefficient  

 

Cold water flow rate, cm  

(kg/s)
 

0.07968
 

(m²)sA
 

)(

(W/°C)

gradientgraph

m
T
Q

lm

−

=
∆

 

(W/m².°C)U
 

0.0628 0.465 7.404 

Cold water flow rate, cm  

(kg/s)
 

0.249
 

(m²)sA
 

)(

(W/°C)

gradientgraph

m
T
Q

lm

−

=
∆

 

(W/m².°C)U
 

0.0628 0.470 7.484 
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CHAPTER 6 

 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

 

6.2 CONCLUSIONS 

 

  From the research, the objectives is achieve where study about heat transfer 

analysis in heat exchanger and to design the heat exchanger based on TEMA 

specification. Based on this research, when size of inlet and outer tube of double pipe 

heat exchanger is minimum, it is produced large overall heat transfer coefficient while 

when size of inlet and outer tube of double pipe heat exchanger is minimum, it is 

produced small in length of heat exchanger and suitable for compact heat exchanger. 

Moreover, when thermal conductivity of inlet tube of heat exchanger is maximized, it 

can produce high heat transfer between both fluids. Beside that, when cold fluid flow 

rate is maximum, it is produced fast drop in of hot fluid. Lastly, TEMA specification 

can produce the best design of double tube heat exchanger design. 

 

6.3 RECOMMENDATIONS 

 

The recommendations to improve this study are: 

 

i. Study again about double tube heat exchanger design by using recycled of 

cold fluid since we are maintained the inlet of cold fluid temperature. 

ii. Use small radiator in water to air heat exchanger for move application such a 

vehicle since the cold fluid is recycled. 

 

 

 



56 
 

REFERENCES 

 

 

A. C. Yunus. 2006. Heat and Mass Transfer A Practical Approach.N. Afgan, E. U. 

Schulunder. 1974. Heat Exchanger Design and Theory. 

  

A. P. Fraas. 1989. Heat Exchanger Design 2nd Edition. 

 

Dr. M. Fogiel. 1999. Heat Transfer Problem Solver.  

 

E.U. Schlunder. 1982. Heat Exchanger Design Handbook.R. A. Bowman, A. C. 

Mueller, W.M. Nagle. 1940. Mean Temperature Difference in Design. 

 

G. Walker. 1982. Industrial Heat Exchanger.W. M. Kays, A.L. London. 1984. 

Compact Heat Exchanger 3rd Edition. 

 

M. N. Ozisik. 1985. Heat Transfer-A Basic Approach. 

 

T. Roger. 2010. Fabrication and Welding Engineering.  

 

 

 

 

 

     

 

 

 

 

 

 

 

 



57 
 

APPENDIX A 

Gantt Chart PSM 1 
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APPENDIX B 

Gantt Chart PSM 2 
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APPENDIX C 

Properties of solid metal 
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APPENDIX D 

Properties of solid nonmetal 
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APPENDIX E 

Properties of saturated water 
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APPENDIX F 

Properties of air at 1 atm pressure 
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APPENDIX G 

TEMA Specification for Tubular Heat Exchanger 
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APPENDIX H 

Solidwork Drawing of Double Pipe Heat Exchanger 
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