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ABSTRACT

The objective of this project is to design and analysis of the triple tube heat exchanger .The triple tube heat
exchanger design increases the heat transfer rate, effectiveness when compare to existing heat exchanger. The triple
tube heat exchanger consists of three tubes in various diameters which are arranged in concentric method with
circular fins. The circular fins are arranged in circumference of the outer tube with different distance. Stainless steel
material is used for manufacturing inner tube, outer and middle tubes. The circular fins are made up of mild steel
.The hot fluid flows in inner and outer tubes in same direction. The cold fluid flows in middle tube in opposite
direction to hot fluid. The flow of hot and cold fluids is maintained as laminar flow with help of Rota meter. The
heat transfer coefficient, effectiveness and heat transfer of the triple pipe heat exchanger is investigated by counter
flow method.
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INTRODUCTION

A heat exchanger is a piece of equipment built for efficient heat transfer from one medium to another. The
media may be separated by a solid wall to prevent mixing or they may be in director contact. They are widely used
space heating, refrigeration, air conditioning power plants, chemical plants, petrochemical plants, petroleum
refineries, natural gas processing, and sewage treatment. In order to achieve optimum process operations, it is
essential to use the right type of process equipment in any given process. Heat exchangers, commonly used to
transfer energy from one fluid to another, are no exception. In many heat exchangers, the fluids are separated by a
heat transfer surface, and ideally they do not mix or leak. Such exchangers are referred to as direct transfer type, or
simple re-cuperators, In contrast, exchangers in which there is intermittent heat exchange between the hot and cold
fluids-via thermal energy storage and release through he exchanger surface or matrix are referred to as indirect
transfer type, or simply regenerators.

Common examples of heat exchangers are shell-and tube exchangers, automobile radiators, condensers,
evaporators, air pre heaters, and cooling towers. If no phase change occurs in any of the fluids in the exchanger, it
is sometimes referred to as a sensible heat exchanger. There could be internal thermal energy sources in the
exchangers, such as in electric heaters and nuclear fuel elements. Combustion and chemical reaction may take place
within the exchanger, such as in boilers, fired heaters, and fluidized-bed exchangers. Mechanical devices may be
used in some exchangers such as in scarped surface exchangers, agitated vessels, and stirred tank reactors. Heat
transfer in the separating wall of a re-cuperator generally takes place by conduction. However, in a heat pipe heat
exchanger, the heat pipe not only acts as a separating wall, but also facilitates the transfer of heat by condensation,
evaporation, and conduction of the working fluid inside the heat pipe. In general, if the fluids are immiscible, the
separating wall may be eliminated, and the interface between the fluids replaces a heat transfer surface, as in a
direct-contact heat exchanger. In the counter-flow heat exchanger, both fluids entered the exchanger from opposite
sides. In the parallel- flow heat exchanger, the fluids come in from the same end and move parallel to each other as
they flow to the other side. The cross-flow heat exchanger moves the fluids in a perpendicular fashion. Compare to
other flow Arrangements counter-flow is the most efficient design because it transfers the greatest amount of heat.

There are two major different designs of heat exchangers; shell and tube, and plate heat exchanger. The
most typical type of heat exchanger is the shell and tube design. This heat exchanger can be design with bare tube
or finned tubes. One of the fluids runs through the tubes while the other fluid runs river them, causing it to be
heated or cooled. In the plate heat exchanger, the fluid flows through baffles. This causes the fluids to be separated
by plates with a large surface area. This type of heat exchanger is typically more efficient then the shell and tube
design. A heat exchanger consists of heat transfer elements such as a core or matrix containing the heat transfer
surface, and fluid distribution elements such as headers, manifolds, tanks inlet and outlet nozzles or pipes, or seals,
Usually, there are no moving parts in heat exchanger; however, there are exceptions, such as a rotary regenerative
exchanger (in which the matrix is mechanically driven to rotate at some design speed) or a scarped surface heat
exchanger. The heat transfer surface is a surface of the exchanger core that is in direction contact with fluids and
through which heat is transferred by conduction. That portion of the surface that is in direct contact with both the
hot and cold fluids and transfers heat between them is referred to as the primary or direct surface. To increase the
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heat transfer area, appendages may be intimately connected to the primary surface to provide an extended,
secondary, or indirect surface. These extended surface elements are referred to as finds. Thus, heat is conducted
through the fin and convicted (and/or radiated) from the fin (through the surface area) to the surrounding fluid, or
vice versa, depending on whether the find is being cooled or heated.

Main terms of heat exchanger: In order to increase the surface area of the fins, we came up with two ideas. First,
we came up with the idea to increase the thickness of the fins. The surface area associated with the between fins
includes the top, bottom of the pipe. Therefore by making the fins thicker, the surface area is increased by
increasing the front and back areas. The projected area of the two sides would increase compared to current heat
exchanger designs: The overall surface area is increased by adding more depth to the heat exchanger design. At the
present state of the art, the most likely method of rejecting this heat is by means of a radiator that utilizes some sort
of fin and tube configuration. Various fin and tube combinations have been proposed, but only the central fin-tube
geometry. Since the radiator represents a large portion of the weight, it must be accurately designed. Radiator
design calculations are usually based on the assumption of one-dimensional heat transfer in the cross section of the
fin and tube panel. Several different methods have been used to compute the heat rejection from central fin-tube
panels.

These methods contain varying degrees of complexity, and it is not obvious which methods are more
accurate. These calculations involved fewer assumptions than any of the one-dimensional methods and therefore
are assumed to give a more accurate representation of the heat rejection. The design analysis of the two-
dimensional conduction in the cross section of a central fin-tube radiator panel with radiation from both surfaces
and radiant interchange among the fin and tube surfaces. The Heat rejection obtained by the two-dimensional
calculations is compared to that obtained by several different one-dimensional methods.

Problems description: From the laws of thermodynamics, we know that heat transfer increases as we increase the
surface area of the heat exchanger assembly. As a result, many heat exchangers must be redesigned to be more
compact while still having sufficient cooling power capabilities. This application proposes a new design for a
smaller heat exchanger assembly. The new design is capable of dissipating the same heat as the original, given a set
of operating conditions. Current heat exchanger designs are extremely limited and have not experienced any major
advancement in recent years. As described above, the main problem is that current heat exchanger experience a
large resistance to heat transfer caused by air flowing over the heat exchanger. Current heat exchanger also
experiences head resistance, are very bulky, and impose limitations on the design of the heat exchanger. One of
nature's basic laws says that heat always flows from an area of higher temperature to an area of lesser temperature,
never the other way around. The only way to cool hot metal, therefore, is to keep it in constant contact with a
cooler liquid. And the only way to do that is to keep the coolant in constant circulation. Overheating, scaling
formation and large size are main problems in conventional heat exchanger.

Calculation parameters: The Goals of the project is to use the analytical heat transfer process to determine outlet
coolant and air temperatures and to compare this data with experimental results. To begin theoretical process, it is
important to distinguish the given, known information from the unknown information. All dimensions for both
tubes are known from precise measurements. The mass flow rates of both the hot and cold water are known based
on the given specifications of the heat exchanger.

The inlet temperature for cold fluid can be assumed to be nearly equal to the ambient temperature. The inlet
temperature of hot water is equal to the 98%c.the entire theoretical process begins with equation 1 below for the
heat transfer rate of the heat exchanger from this equation it is clear that the only two unknowns for the system are
the outlet temperatures for both fluids these two unknowns are initially assumed the equations and calculations
following are simply used to solve for both outlet temperatures the initially assumed outlet temperatures and
calculated outlet temperatures and then iterated to solve for the actual values for the outlet temperatures for the
fluids.

Cross-sectional Area of Tubes: The Hydraulic diameter must be used because it is a non-circular cross section.
The Hydraulic diameter can then be used to estimate the Reynolds number. The equation for the hydraulic diameter
calls for the wetted perimeter of the tubes.Howeverthe difference in the outer and inner tube dimensions is so
negligible that the outer perimeter is used for convenience.

A =TIr?
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Design parameters for heat exchanger:
Design parameters for tubes:
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Figure.6.Triple Tube Heat Exchanger Sectional View
Design parameters for fins:

L fan Description Units | Fin
.,_- I . Outer diameter of fin m 0.0963
—k Inner Diameter of fin m 0.048
( - Thickness of fin m 0.002
)/) Thermal conductivity of fin | m 0.3015
Number of fins w/mk | 14.9
Mass flow rate of fin 05
Area of the fin m2 0.06912
Figure.7.Fin sectional view
Description Units | Outer tube | Middle tube | Inner tube
Length of tube m 1.00 1.2 1.4
Diameter of tube M 0.048 0.03 0.012
Specific heat of fluid | J/kgk | 4186 4186 4186
Cross sectional area | m2 0.0180 0.00768 0.134
Surface area m2 0.150 0.113 0.527
Mass flow rate kg/ls | 5.42 1.33 0.085
Design calculation formulas:
Description Formula | Units
Cross-sectional area (Ac) [1/4x D? m?
Surface area of the pipe (As) I1 DL m?
Mass flow rate of fluid (mf) pAu kg/s
. mhCph x
Heat transfer of hot fluid (Qh) (Tl-r%Z) watts
Heat transfer of cold fluid (Qc) m((t:ZC ?f)x watts
. I1/4 x ?
Area of the fin (Af) (D02 -Di?) m
e D-Diameter of the pipe inm . - Inlet Temperature of the fluid
e L -Length of the pipe inm e T2 - QOutlet Temperature of the fluid
o p-Density of the fluid in kg/m3 o Mc-Mass Flow rate of fluid
e A-Cross-sectional area of the pipe e Cpc - Specific heat of fluid
e U-Velocity of the Fluid in m/s e {1 -inlet temperature of the cold fluid
e Cph - Specific Heat of hot fluid e {2 - QOutlet temperature of the cold fluid

Fluid properties:

Description Units | Atmosphere air Water at 40° C
Thermal conductivity (k) | w/mk 0.002756 0.6280
Specific heat (Cp) JIKg.k 1005 4178
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Density (p) Kg/m? 1.128 995
Kinematic velocity (v) M?/s 16.96 x 10-6 0.657 x 10-6

g =m air Cpair(T air out-T air in)= m water. Cp. Water (T waterin — T water out) -(1)

Velocity: The velocity of the water through each tube must be found to calculate the mass flow r ate of the both
fluids. This parameter to find out from rate of discharge of using pump.

v=Q/A

Mass flow rate fluid: The mass flow rate of both fluids should be found out to calculate capacity factor and heat
transfer and effectiveness of given heat exchanger.

M=pau
Rate of discharge: Rate of discharge used for find out the velocity of fluids and mass flow rate of fluids.
Q=AxV

Number of transfer units (NTU): The number of transfer units method is used for when not known for inlet (or)
outlet temperature of both fluids and also this method used for calculate the effectiveness of heat exchanger

(NTU)=UA/Cmin

Tribule tube heat exchanger full setup:

Trible tube heat exchanger:

Experimental procedure: All the experimental setup and connections are checked and start the pump through the
switch then water flow to the heater. The Fluids reach the required temperature then flow to the inlet of the both hot
fluids tubes. So the inlet temperature measure through thermometers and also measure outlet temperature of the
both fluids. The inlet and outlet temperatures and the flow rates for hot and cold water were then recorded. This
experimental process was repeated four times in order to give a range of results to compare with one another. These
experimental results were then compared with the inlet and outlet Temperatures found in the theoretical analysis of
the problem.

Experimental observations

Description Temperature (° C)

cold fluid outlet at centre tube (Tco) 27
cold fluid inlet at centre tube (Tci) 70
hot fluid inlet at outer tube (Thoi) 98
hot fluid outlet at outer tube (Thoo) 45
hot fluid outlet at inner tube (Thio) 98
hot fluid inlet at inner tube (Thii) 50
Base temperature of fin (Th) 98
Atmosphere temperature of fin (Ta) 27

RESULTS AND DISCUSSION

All of the dimensions for the triple tube heat exchanger were carefully measured. Certain material
Properties were needed for water and air for the theoretical calculations. The values of these properties were found
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using the average temperature of the fluid. An iteration process involving the inlet and outlet fluid temperatures
was needed to calculate the final absolute value for the heat transfer of the both tubes. To complete this process the
convective heat transfer coefficients, overall heat transfer coefficient, effectiveness, and heat transfer rate for the
triple tube heat exchanger were needed.

CONCLUSION

The effectiveness of the heat exchanger depends mainly on the contact surface area of the fluid and tube
surfaces. The heat transfer increase in surface area of triple tube heat exchanger with compact size. The heat
transfer area also increased with the help of fins which are welded around the circumference of the outer tube.
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