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Abstract:  The improvement of the performance of heat exchangers with gas as the working fluid becomes particularly important 

due to the high thermal resistance offered by gases in general. In order to compensate for the poor heat transfer properties of gases, 

the surface area density of plate heat exchangers can be increased by making use of the triangular fins. In addition, a promising 

technique for the enhancement of heat transfer is the use of longitudinal vortex generators. The longitudinal vortices are produced 

due to the pressure difference generated between the front and back surface of the vortex generator. The longitudinal vortices 

facilitate the exchange of fluid near the walls with the fluid in the core and hence, the boundary layer is disturbed. It causes the 

increase in temperature gradient at the surface, which leads to the augmentation in heat transfer. An innovative design of triangular 

shaped fins with rectangular or a delta wing vortex generator mounted on their slant surfaces for enhancing the heat transfer rate in 

plate-fin heat exchanger is proposed.  

The performance of the proposed design is evaluated for different flow rate of hot fluid and cold fluid of the wing and 

constant bath temperature boundary condition. The study is being carried out for wing vortex generator to the fin surface by brazing.. 

The flow regime is assumed to be laminar because, usually the fin spacing is so small and the mean velocity is such that the Reynolds 

numbers of interest are below the critical Reynolds number. The working fluid considered is air and water. At higher Reynolds 

numbers, more fluid passes through the channel in the same interval which causes a reduction in the value of mean temperature. 

Combined span wise average Nusselt number is computed by averaging the local Nusselt numbers  all around the periphery. In the 

downstream direction, the temperature of the fluid increases and so the combined span wise average Nusselt number decreases 

continuously for the plate-triangular fin without any vortex generator. The churning action mixes the fluid near the surface with the 

comparatively colder fluid in the core region. It increases the temperature gradient near the walls and hence, the combined span 

wise average Nusselt number increases. The heat transfer enhancement can reduce the size of the heat exchanger for a given heat 

load or exit temperature. The only price to be paid for enhancing heat transfer using longitudinal vortex generators is the additional 

pumping power required to force the fluid through the heat exchanger. This quantity is also computed to confirm that the increase 

is sufficiently small. The analysis is also carried out by varying the size of the wings and using the in-line arrangement of the wings. 

 

Index Terms - Nusselt number, triangular corrugations, Reynolds number, Prandtl number 

I. INTRODUCTION 

 

The hydraulic Ram pump or hydram is a complete automatic device that uses the energy in the 

flowing water such as spring, stream or river to pump part of the water to a height above that of the source. 

With a continuous flow of water, a hydram operates continuously with no external energy source. A hydram 

is a structurally simple unit consisting of two moving parts. These are the impulse valve (or waste valve) and 

the delivery (check) valve. The unit also consists of an air chamber and an air valve. The operation of a 

hydram is intermittent due to the cyclic opening and cloning of the waste and delivery values. The closure 

of the waste valve creates a high-pressure rise in the drive pipe. An air chamber is required to transform the 

high intermittent pumped flows into a continuous stream of flow. The air valves allow air into the hydram 

to replace the air absorbed by the water due to the high pressure and mixing in the air chamber. Pumps are 

among the oldest of the machines. They were used in ancient Egypt, China, India, Greece and Rome. Today, 
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pumps are the second most commonly used kind of industrial equipment after the electric motors (Working, 

1996). The first pumps were force pumps and it is interesting that the earliest known example, a pump used 

by the Greeks in 300 B.C incorporated an air vessel.  

The use of this device was suspended in the middle-ages and revived in the 16th century when a 

German translation of the Greek work describing the pump was published. The earliest pump to be used was 

the hand pump. More advanced pumps were, however, known to the Romans, as shown by the double 

cylinder force pump now preserved in the British museum, but their use was apparently lost in this century 

at the end of the Roman Empire. In Roman times, the first reciprocating pump appeared (250-0 BC) and this 

remained the main pump type in use for several centuries, operated by hand, animal, water or wind power, 

mechanical skill developed, and metals came more into use, but the limiting factor with all these older pumps 

was the relatively low power output which is delivered by them. The highest power developed by wind miles 

or water wheel were of the order of 10 horsepower (hp). The reciprocating pumps, which relied on suction, 

could only lift water slightly above 10 metres. The performance of known types of pumps continued to be 

improved upon and their range of applications extended. One of such is the peristaltic pump which was 

developed into a pump for handling slurries of high specific gravity on a cost effective basis. Similarly, the 

Archimedean screw pump was developed into giant sizes for lifting water to high elevations. It is reported 

that the first hydraulic ram pump was built by Whitehurst (1775), which operated manually by the opening 

and closing of the stopcock. This hydram was able to raise water to a height of 4.9m. The first automatic 

hydram was invented by Montgolfier in 1796 for raising water in his paper mill. His work was improved 

upon by pierce (1816), who designed the air or sniffer valve to introduce air into the air chamber and this 

hydram, which is 300 mm in diameter is reported to have pumped 1700l/min to a height of 48m. Easton and 

James (1820) were the first to produce hydrams in large scale for commercial purpose. Their rams were used 

for supplying water to large country houses, farms and village communities. Calvert (1957) evaluated the 

performance characteristics of hydraulic ram.  

The possible independent variables of hydraulic ram installations were considered and with certain 

assumptions their number reduced using dimensionless parameters such as the Reynolds number, the Froude 

number, the Mach number, the head ratio and the coefficient of fluid friction. The Reynolds numbers was 

known to be in effective in machines of practical size and that a range exists over which the Mach number 

has little influence. The Froude number was found to be the criteria for defining the possibility of operation 

of the ram and the ram output and efficiency are dependent upon the head ratio. In 1951, Krol [1] established 

that it was possible to forecast the behaviour of any automatic hydraulic ram, provided the following 

properties at a given installation have been determined separately. 1.1 Loss of head due to impulse valve 1.2 

Drag coefficient of the impulse valve 1.3 Loss of head in the pipe 1.4 Head lost during the period of 

retardation. According to Calvert (1960) the dimension of the drive pipe has a limiting value. This, he 

established by applying dimensional analysis technique. The relevant parameters were the head ratio, friction 

coefficient and the dimensionless numbers corresponding to those of Froude, Reynolds and Mach. Hydraulic 

Ram for village use was developed by V.I.T.A in USA [2].  

 
Figure1. Cylinder air cooled by triangular fins 

1.1 EXTENSION SURFACES EXCHANGER OF HEAT 

 

 Heat transfer may be categorised through cylindrical, plate, expanded layer, including restorative types 

based on structural design specifics. The much more commonly utilized surfaces heating systems were circular 

as well as plate–type exchangers, which have an efficiency of less than 60% in most situations. In this respect, 

it is essential to remember that the thermodynamic acoustic impedance with two very different sections of such 

exchanger ought to be similar. As a result, the thermal energy layer on the gas side would have a much greater 

interface region as the thermal conductivity ‘h' for gases is significantly smaller then those among fluids. 
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Extending the coating (fins) instead of an acceptable fin size (fin frequency, fins/m) according to the 

specification is among the more effective approaches for greater surface space as well as compact size. Fins 

will expand the surfaces region by 5 to 12 times that of the primary outcome measure. Large interfacial 

exchangers are just the name for these kinds of heat exchangers. Over expanded materials the thermal 

conductivity ‘h' can be greater or lesser but on un-finned surfaces. Inner fins inside a tubular improve the tubes 

contact area and might even lead to a possible reduce throughout thermal conductivity dependent upon on cross 

section. Curved fins raise when both contact field and the temperature distribution, whereas inner wings in a 

tubular raise the tubing surfaces region and might results in a significant reductions in thermal conductivity 

dependent upon on cross section of fin. Owing to the existence of expanded structures, nevertheless, the 

average temperature conductance rises. 

In additament towards a heat transfer coefficient, heat exchanger architecture takes into account the 

mechanical pumping strength needed to withstand liquid resistance The resistance intensity exerted with highly 

dense liquids is normally lower than the benefit in heat transfer coefficient; nevertheless, its flow rate exerted 

with low population liquids, like vapours, is a significant factor in the improvement in heat transfer coefficient. 

That rate of heat transfer raises also as cubic of momentum but not below that of the squared of momentum, 

while friction coefficient strength consumption raises as the cubic of momentum and just never below the circle 

of velocity. The programmers are forced to hold the speeds relatively minimal due to compressive strength 

constraints. Increase the amount of fluid flow in the exchanger to minimise flow rates. The reduction in friction 

coefficient strength would be much greater than the reduction in heat transfer coefficient every unit of area. 

The lack of heat transfer coefficient could be compensated for by increasing surface area, which increases 

frictional strength in relation to something like the temperature exchange surfaces zone and in a certain 

proportions as its heat transfer exterior region This factor necessitates the use of expanded surface heat 

exchangers. That 2 more popular forms of extension substrate heating systems are triangle & tubular 

exchangers. 

• Heat Exchangers with Triangular Fins 

• Heat Exchangers with Tube-Fin Fins 

A exchanger of heat is a system wherein the two or several liquids containing varying temperatures, that 

were both transmission when they are in heat exchange with one another thermal energy otherwise enthalpy. 

Among about two or many liquids vapour and liquid particles, , as well as among a liquid and a supporting 

structure that were a heat equilibrium through others, enthalpy will pass. In the case of exchangers of heat, 

normally 

At work, there is no contact. Often, A heat exchangers work in an adiabatic mode protected, 

consequently there is not at all transmission of heat. Key heat exchanger applications are the chilling also 

warming of a solvent, the A singular or different number of fluid condenses, and an individual or multi fluid 

evaporates. Usually, heat exchangers with high performance are still used in industrial applications. A heat 

exchanger is a system wherein the two or several liquids containing varying temperatures, that were both 

transmission when they are in heat exchange with one another thermal energy or enthalpy. Among about 2 or 

many liquids vapor as well as liquid particles, both among a liquid and a rigid layer in heat exchange 

equilibrium with others, enthalpy will pass. At exchangers of heat, normally 

At workplace, there really is no interaction. Often, That heating systems work in an adsorption mode 

protected, therefore there is nope transmission of temperature. Its cool as well as heat of such a solvent, the 

moisture of a singular including multi solvent, and indeed the evapotranspiration of a singular or multi fluid 

are still the most common heat transfer functions. Usually, heat exchangers with high performance are still 

used in industrial applications. That type of thermal plate heat exchanger with fins with rectangular or triangular  

corrugations, only through separating plates including sheets squeezed among a vertical channel, are 

performance of heat exchangers. The sheets and fins distinguish each flow passage from the two fluid streams. 

With the attachment of the alternate fluid passage using sufficient headers, third fluid flanks may remain 

created where it comes to exchangers of heat. That implies that it should be a stack of alternately arranged 

parting sheets as well as the fins brazed into corrugated sheet quite a singular structure simultaneously. 

Subsequently the passage movement is via the separating sheets that are operated mostly by fins, the heat 

transfer between the liquid phase is caused. Such fin were created through the rolling procedure otherwise 

through by means of a dies. The methods of metallic combining, like welding, brazing, soldering, 

The fins are applied to the sheets using extrusion, etc. Assume a condition of vapour heat exchangers, 

two sections of the fins can be utilized, but now a condition of vapour-to-liquid exchangers of heat, the fin 

were typically just shown on the vapour aspect. For the flow mixing process, the fins that are used are utilised 

on the suction surface and often provide organizational power. In Europe, exchangers of heat  with plate fins 
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are indeed available referred to by way of Matrix of exchangers of heat. The benefit of high performance, lower 

heaviness, compactness as well as reasonable charge is given by Heat exchangers of plate fins. 

Throughout the plate fin exchangers of heat, the dividing plate and the fins serve similarly main including 

supplementary surfaces of transmission of heat, accordingly. A side  exchangers of heat surface fins avoids the 

pouring over a fluid to the exterior. To provide mechanical stability and also to include a strong thermal 

connection, the fins including sides bars become brazed to a body partition plates. 
 

 

II. REVIEW OF LITERATURE 

Grosse-Gorgemann et al. [1] showed that transverse momentum drivers' improvement function requires flow behaviour and the 

creation of reversed fluid properties, which also increases resistance to flow. A steady stream in a regularly rubberized stream were 

found to have little effect on heat transfer Investigated. The arithmetical movement in such a continent in which the ridges were 

just so small that the divided movement became connected to the head of another bulge rather than the groove's centre. He made 

experimental investigations for similar geometries. Experiments and mathematical simulations were used to study rubber coated as 

well as grooved stream flow. They both came to the same conclusion: whenever the stream is unstable, transfer of heat improves 

significantly. 

Biswas et al.[2] In something like a spaced vertical circular pipe stream including delta airfoil vortex producers installed upon on 

fins layers, the stream mechanism including thermal transmission improvement is studied numerically. Through to either a number 

of Reynolds of 500, stable values are achieved. A precisely explained momentum specification again for flow speed were presumed 

at the stream air intake. 

Fiebig et al. [3] Experiments and mathematical simulations were conducted on curved and braided flow path. They both came to 

the same conclusion: whenever the stream is unstable, thermal conductivity is greatly improved. Since the current study is based 

on observational vortex mechanisms that research on lateral vortex devices isn't really examined more. 

Torii et al.[4] To satisfy the different requirements including its developers, like compact size, system energy savings, including 

tranquilly, the delta fuselage pairing was mathematically tested in such a typical water movement arrangement a lower number of 

Reynolds   Thanks to the reduction of the wakes and elimination of vortices, such arrangement speeds up a liquid motion, leading 

to delays in isolation and reducing shape friction. 

Kwak et al. [5] 3 to 5 sets of stacked round circular tube were tested, with such a singular circumferential rows of delta winglets 

mounted alongside it's front rows of tubing in a typical  movement setup. With an improvement in number of  Reynolds from 350 

to 2100, thermal transmission were increased through 10% to 30% while pressure drop were decreased through 34% to 55% for 

three rows circular tube. 

Tiwari et al. [6] The numerous configurations of delta airfoil pair inside a rectangular duct with just a circular pipe installed over 

were analysed mathematically The regulating equations are transformed as well as solved using a boundary element system. At a 

number of Reynolds of 1K, the circumferential mean Nusselt amount for just the situation of 4 aerodynamic pair were observed to 

be around 100 percent greater than the case without winglets. 

Pesteeiet et al. [7] The tests were carried out to see how the position of the airfoil affected temperature transmission & stress decrease 

in a fins heat exchanger. That delta winglet's altitude were set to below the channel today, or the aspect ratio and Reynolds numbers 

were set to 1.33 and 2250, accordingly. 

Chang et al. [9] The interaction among thermal transmission improvement as well as the strength of the fluid velocity provided by 

delta aerodynamic vortex producers installed on third rows flat pipe banking fins structures was mathematically investigated. 

Kushwaha, A. and Kirar,R.[10] They must not instal a high thermal drain for thier system because we would like it to be compact 

because it increases the cost and size of your machine. Although absorbers are by far the most commonly utilized tools for 

temperature enhancement, this article examines the integrative review of insulators including fins of various profiles, include 

rectangle, trapezoid shape, and parabolic.. 

III. PROBLEM STATEMENT 

In the current project work, Figure 1.4 displays a schematic of the geometry of the topic considered for the analysis. It involves 

fins with a triangular design with a non-uniform cross-sectional area. Increasing to a length L, the fin protrudes from the base surface 

and the base thickness is t. The thickness reduces linearly and approaches the point only at tip of the fin as the thickness is shifted 

along the protruding length or direction of heat transfer. Conclude that at temperature Tb, the bottom or bottom of the fin is sealed 
and preserved. 

 
Figure 2 Triangular Fin Geometry Schematic 
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The conduction of heat through the fins is one-dimensional, continuous and within the fins nearby is not any internal production 

of temperature. There is a conduction of heat k and surface reflectivity in the heat sink material. The heat on the layer of the fin base 

penetrates or conducts through the length of the fins and then dissipates by a mixed pattern of radiation and convection according to 

edges of the upper as well as lower surface. A cooling medium at an air deemed to be invisible to radiation. Conclude the temperature 

T but the amount of temperature distribution of convection h. It can be explained from the above that, because the present issue of 

project work requires the use of digital solutions, it is proposed to write machine code to address the problem. 

 Deducting the power equation including energy balance predictions 

A. One-dimensional conduction of steady state heat. 

B. Dissipation of atmospheric heat from the bay can only be achieved from the side. 

C. Suppose the main layer including its fin is at a consistent rate of temperature (T). 

The temperature at the base including its fins inevitably dissipates by a mixed pattern of convection and radiation, by the side 
surfaces of the fins. 

It is first important to measure the velocity inside the domain of interest at the constant Reynolds number. The thermal 

transmission analysis that with vortex generation was derived from it though.as well as the winglet location should be examined. The 

heat transfer rate in the equation is carried out at 3D stream that is generated via compact plate-fin heat exchanger fin. Figure displays 

a section at lightweight cross-flow heat exchanger with simple triangular fins. A triangular channel may be called the passage created 

through the triangle shaped fin's layer and indeed the structure's side including its exchanger of heat. The key goal is to determine the 

movement of fluids and even the distribution of temperature of the fluid flowing inside the presence of a vortex generator in this 
channel. 

 
Figure 3 Triangular Channel 

 

IV. NEED OF STUDY 

Following are the points were we need to study in this thesis  

1. To develop and produce triangular  fin style exchanger. 

2. To take readings on the setup for finding heat transfer parameter.  

3. To find out heat transfer performance by heat transfer parameter like Logarithmic Variance in Average Temperatures, Nusselt, 
number of Reynolds, number of Prandtl etc.  

4. To evaluate their thermal energy specifications for various types of heat sources flow rates.  

5. To recommend the good flow rates for various Reynolds number. 

 

V. METHODOLOGY 

In specific, heat exchanger architecture is a trial-and-error method in which geometrical and operating parameters are chosen in 

order to satisfy defined criteria while still contributing to an optimal solution. Because there is still the risk that the chosen 

configuration parameters will not result in the best solution, various studies have been dedicated to proposing optimization methods 

for heat exchangers. In addition to conventional optimization approaches and artificial neural networks, the use of genetic algorithm 

in thermal exchanger architecture has recently gained popularity. Initially, GA was effectively used to optimise a shell-and-tube heat 

exchanger and to achieve thermal transmission correlations for just a triangle shaped plant fin heat exchanger. 
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