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ABSTRACT 

Exhaust manifold is one of the most critical 

components of an IC Engine. The designing of exhaust 

manifold is a complex procedure and is dependent on many 

parameters viz. back pressure, exhaust velocity, 

mechanical efficiency etc. Preference for any of this 

parameter varies as per designers needs. Usually fuel 

economy, emissions and power requirement are three 

different streams or thought regarding exhaust manifold 

design. In this project, an existing model of an engine 

Exhaust Manifold is modeled in 3D modeling software. The 

design of the exhaust manifold is changed. In existing 

model the bend radius is  48 mm and exhaust is on one side, 

Modified model has bend radius of 48 mm and exhaust is at 

the centre of header, the models are modeled in 

Pro/Engineer.CFD analysis is done on both models at mass 

flow rate of 0.07 and 0.13.Thermal analysis is done for both 

models using different materials copper, Nickel, Stainless 

steel and manganese. 

Analysis is done in Ansys. 

1. INTRODUCTION 

The exhaust manifold is the key component in the 

exhaust system on a vehicle. It is responsible for collecting the 

exhaust gas from the engineôs cylinder heads and sending it 

down to the exhaust pipe. At the same time, it prevents any 

toxic exhaust fumes from leaking into the passenger area of the 

vehicle. Exhaust manifolds come in two main design styles, 

commonly referred to as four-into-one and four-into-two 

exhaust manifolds. Most exhaust manifolds are made from cast 

iron, but aftermarket versions are often made from welded 

tubular steel. A damaged exhaust manifold should be replaced 

immediately, and car owners in the market for one need to 
know which features to pay attention to in order to find the 

right one. 

1.1 EXHAUST MANIFOLDS EXPLAINED  

Depending on the engine type, a vehicle will have 

either one or two exhaust manifolds attached to it. An inline 

engine typically has one exhaust manifold. The vast majority 

of todayôs car engines are V-shaped, requiring one manifold 

for each of two cylinder banks. Regardless of whether a 

vehicle has one or two exhaust manifolds, the basic functioning 

of it is the same. Understanding exactly what an exhaust 

manifold is and how it works will help car owners make 

informed decisions when an exhaust manifold needs to be 

repaired or replaced. Knowing the differences in designs and 

materials will make buying a replacement exhaust manifold 

easier. 

Definition 

An exhaust manifold is a series of connected pipes that bolt 

directly onto the engine head. It is an integral part of the 

exhaust system. Hot exhaust gas from the exhaust ports on the 

engineôs cylinder head is funneled through the pipes and into a 

single collector pipe. From there, it is sent to the exhaust pipe. 

Function 

Exhaust manifolds are a necessary component of the exhaust 

system. Their design is optimized to ensure exhaust gases flow 

efficiently from the engine combustion chamber without 

creating any back pressure. A properly functioning exhaust 

manifold is important to prevent uneven power and engine 

vibrations. 

Types of Exhaust Manifolds 

There are two main design configurations for exhaust 

manifolds, four-into-one and four-into-two. Each design has 

the same primary function, with the main differences being 

performance and cost. The other main difference among 

exhaust manifolds is their construction. They are generally 

made from either cast iron or welded tubular steel. 

Four-into-One Exhaust Manifolds 

Four into one exhaust manifolds are most often found on high-

speed engines, as the design is better suited for use at higher 

RPMs. In this manifold design, all four manifold pipes join at a 

single point. 

Four-into-Two Exhaust Manifolds 

On four-into-two exhaust manifolds, the four pipes coming off 

the engine head are first paired into twos, and then joined 

together into a single pipe at the back of the vehicle. This is the 

preferred design for low- to medium-speed engines, as it is 

more suited for torque than speed. 

1.2 CONSTRUCTION OF EXHAUST MANIFOLDS  

Exhaust manifolds are made either from cast iron or 

one of a few types of steel. The majority of exhaust manifolds 

are made from cast iron, as it is relatively inexpensive and lasts 

a long time. The drawbacks to cast iron manifolds are that they 

are quite heavy and tend to get brittle with age and exposure to 

the heat cycles of an engine. Tubular steel exhaust manifolds 

http://www.ebay.com/bhp/exhaust-manifold?_trkp=r.10000000177404621
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are known for having better exhaust flow and are, therefore, 

found on many performance vehicles. Stainless steel exhaust 

manifolds are the most expensive, but are rust-resistant and 

extremely long lasting. Less expensive aluminized steel 
manifolds offer many of the benefits of stainless ones, but will  

rust if the outer layer is scratched. 

  

 

 

 

REPLACING AN EXHAUST MANIFOLD  

Although some vehicle owners might be shopping for 

an exhaust manifold simply to replace a cast iron stock one 

with a better performing aftermarket variety, many times, the 

reason for replacement is failure of the part. Exhaust manifolds 

usually fail for one of a few common reasons, and it is 

important to repair or replace the system as soon as possible. 

Causes of Failure 

Exposure to the normal heat cycles of an engine can 

cause cracks in an exhaust manifold. As the vehicle continues 

to age, the cracks turn into holes. Once this happens, the 

vehicle engine sounds extremely loud and there is a likely 

chance that toxic fumes are entering the cabin of the vehicle.  

The gaskets on the exhaust manifold are equally 

important, and their failure has the same results.Other exhaust 

manifold components that are subject to failure include the 

exhaust system hangers, which are designed to hold up the 

entire system. These can break off, leaving the whole weight of 

the exhaust system to be carried by the manifold, and 

eventually causing it to fail. 

The Importance of Repairing a Broken Exhaust Manifold 

Excess engine noise is not the only concern with a 

broken exhaust manifold. There are several other reasons to 

make necessary repairs as soon as they are diagnosed. A 

cracked or malfunctioning manifold can result in toxic fumes 

leaking into the seating area of a vehicle. Fuel economy is also 

negatively impacted by issues with the exhaust manifold. 

Moreover, a vehicle with a cracked or leaking exhaust 

manifold will not pass state vehicle emissions inspections. 

Finding the Right Exhaust Manifold 

Before selecting a replacement exhaust manifold for a 

vehicle, a few features, other than design and construction, 

must be considered. Engine type and usage should be 

determined in order to set a shopper on the path to finding the 

right style. Once a style is decided upon, the question becomes 

whether an exhaust manifold should be replaced with an OEM 

(original equipment manufacturer) part or an aftermarket 

replacement. The type of insulation used is important in order 

to prevent overheating under certain circumstances. 

Choosing Type Based on Engine 

The first step in determining which exhaust manifold 

to purchase is to identify which manifolds will fit the particular 

engine in the vehicle. Exhaust manifolds are made to fit a 

particular make, model, year, and engine size. With that 

knowledge, the shopper should then consider the demands 

made on the vehicle to determine whether a higher performing 

manifold or more efficient manifold will better suit the vehicle. 

Deciding whether to purchase a cast iron manifold or a steel 

one often comes down to price, but again, longevity and engine 

performance should also be taken into account. 

Choosing Between OEM and Aftermarket Varieties  

The first considerations when shopping for exhaust 

manifolds should be strength and durability. Exhaust systems 

are subjected to excessive heat and harsh conditions. A well-

made manifold will last longer and yield better fuel efficiency. 

Although OEM parts provide adequate performance for most 

cars, drivers with high-performance vehicles generally prefer 

higher quality aftermarket exhaust manifolds designed 

specifically for faster, more powerful engines. 

Pay Attention to Insulation 

In order to prevent overheating inside the engine bay, an 
exhaust manifold must be properly insulated. Exhaust wrap is 

inexpensive and offers good insulation because it wraps around 

the manifold, but it can cause the manifold to degrade 

prematurely. Ceramic mixture is the preferred type for 

performance and race cars, as it provides excellent thermal 

insulation. 

1.3 MATERIALS USED FOR EXHAUST MANIFOLD  

The most common types of aftermarket headers are 

made of mild steel or stainless steel tubing for the primary 

tubes along with flat flanges and possibly a larger diameter 

collector made of a similar material as the primaries. They may 

be coated with a ceramic-type finish (sometimes both inside 

and outside), or painted with a heat-resistant finish, or bare. 

Chrome plated headers are available but they will tend to blue 

after use. Polished stainless steel will also color (usually a 

yellow tint), but less than chrome in most cases. 

Another form of modification used is to insulate a 

standard or aftermarket manifold. This decreases the amount of 

heat given off into the engine bay, therefore reducing the 

intake manifold temperature. There are a few types of thermal 

insulation but three are particularly common: 

Ceramic paint is sprayed or brushed onto the manifold and then 

cured in an oven. These are usually thin, so have little 

insulatory properties; however, they reduce engine bay heating 

by lessening the heat output via radiation. 
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A ceramic mixture is bonded to the manifold via thermal 

spraying to give a tough ceramic coating with very good 

thermal insulation. This is often used on performance 

production cars and track-only racers. 

Exhaust wrap is wrapped completely around the manifold. 

Although this is cheap and fairly simple, it can lead to 

premature degradation of the manifold. 

The goal of performance exhaust headers is mainly to decrease 

flow resistance (back pressure), and to increase the volumetric 

efficiency of an engine, resulting in a gain in power output. 

The processes occurring can be explained by the gas laws, 

specifically the ideal gas law and the combined gas law. 

When an engine starts its exhaust stroke, the piston moves up 

the cylinder bore, decreasing the total chamber volume. When 

the exhaust valve opens, the high pressure exhaust gas escapes 

into the exhaust manifold or header, creating an 'exhaust pulse' 

comprising three main parts: 

The high-pressure head is created by the large pressure 

difference between the exhaust in the combustion chamber and 

the atmospheric pressure outside of the exhaust system 

As the exhaust gasses equalize between the combustion 

chamber and the atmosphere, the difference in pressure 

decreases and the exhaust velocity decreases. This forms the 

medium-pressure body component of the exhaust pulse 

The remaining exhaust gas forms the low-

pressure tail component. This tail component may initially 

match ambient atmospheric pressure, but the momentum of the 

high- and medium- pressure components reduces the pressure 

in the combustion chamber to a lower-than-atmospheric level. 

This relatively low pressure helps to extract all the 

combustion products from the cylinder and induct the intake 

charge during the overlap period when both intake and exhaust 

valves are partially open. The effect is known as 'scavenging'. 

Length, cross-sectional area, and shaping of the exhaust ports 

and pipeworks influences the degree of scavenging effect, and 

the engine speed range over which scavenging occurs. 

The magnitude of the exhaust scavenging effect is a 

direct function of the velocity of the high and medium pressure 

components of the exhaust pulse. Performance headers work to 

increase the exhaust velocity as much as possible. One 

technique is tuned-length primary tubes. This technique 

attempts to time the occurrence of each exhaust pulse, to occur 

one after the other in succession while still in the exhaust 

system. The lower pressure tail of an exhaust pulse then serves 

to create a greater pressure difference between the high 

pressure head of the next exhaust pulse, thus increasing the 

velocity of that exhaust pulse. In V6 and V8 engines where 

there is more than one exhaust bank, 'Y-pipes' and 'X-pipes' 

work on the same principle of using the low pressure 

component of an exhaust pulse to increase the velocity of the 

next exhaust pulse. 

Great care must be used when selecting the length and 

diameter of the primary tubes. Tubes that are too large will 

cause the exhaust gas to expand and slow down, decreasing the 

scavenging effect. Tubes that are too small will create exhaust 

flow resistance which the engine must work to expel the 

exhaust gas from the chamber, reducing power and leaving 

exhaust in the chamber to dilute the incoming intake charge. 

Since engines produce more exhaust gas at higher speeds, the 

header(s) are tuned to a particular engine speed range 

according to the intended application. Typically, wide primary 

tubes offer the best gains in power and torque at higher engine 

speeds, while narrow tubes offer the best gains at lower speeds. 

Many headers are also resonance tuned, to utilize the 

low-pressure reflected wave rarefaction pulse which can help 

scavenging the combustion chamber during valve overlap. This 

pulse is created in all exhaust systems each time a change in 

density occurs, such as when exhaust merges into the collector. 

For clarification, the rarefaction pulse is the technical term for 

the same process that was described above in the "head, body, 

tail" description. By tuning the length of the primary tubes, 

usually by means of resonance tuning, the rarefaction pulse can 

be timed to coincide with the exact moment valve overlap 

occurs. Typically, long primary tubes resonate at a lower 

engine speed than short primary tubes. 

Some modern exhaust headers are available with a 

ceramic coating. This coating serves to prohibit rust and to 

reduce the amount of heat radiated into the engine bay. The 

heat reduction will help prevent intake manifold heat soak, 

which will decrease the temperature of the air entering the 

engine. 

Crossplane V8 engines have a left and right bank each 

containing 4 cylinders. When the engine is running, pistons are 

firing according to the engine firing order. If a bank has two 

consecutive piston firings it will create a high pressure area in 

the exhaust pipe, because two exhaust pulses are moving 

through it close in time. As the two pulses move in the exhaust 

pipe they should encounter either an X or H pipe.  

When they encounter the pipe, part of the pulse 

diverts into the X-H pipe which lowers the total pressure by a 

small amount. The reason for this decrease in pressure is that 

the fluid (liquid, air or gas) will travel along a pipe and when it 

comes at a crossing the fluid will take the path of least 

resistance and some will bleed off, thus lowering the pressure 

slightly. Without a X-H pipe the flow of exhaust would be 

jerky or inconsistent, and the engine would not run at its 

highest efficiency. The double exhaust pulse would cause part 

http://en.wikipedia.org/wiki/Thermal_spraying
http://en.wikipedia.org/wiki/Thermal_spraying
http://en.wikipedia.org/wiki/Thermal_spraying
http://en.wikipedia.org/wiki/Back_pressure
http://en.wikipedia.org/wiki/Gas_law
http://en.wikipedia.org/wiki/Ideal_gas_law
http://en.wikipedia.org/wiki/Combined_gas_law
http://en.wikipedia.org/wiki/Momentum
http://en.wikipedia.org/wiki/Resonance
http://en.wikipedia.org/wiki/Rarefaction
http://en.wikipedia.org/wiki/Crossplane
http://en.wikipedia.org/wiki/V8_engine
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of the next exhaust pulse in that bank to not exit that cylinder 

completely and cause either a detonation (because of a 

high air-fuel ratio (AFR)), or a misfire due to a low AFR, 

depending on how much of the double pulse was left and what 

the mixture of that pulse was. 

Effects of Increased Back Pressure 

 

At increased back pressure levels, the engine has to compress 

the exhaust gases to a higher pressure whichinvolves additional 

mechanical work and/or less energy extracted by the exhaust 

turbine which can affect intakemanifold boost pressure. This 

can lead to an increase in fuel consumption, PM and CO 

emissions and exhausttemperature. The increased exhaust 

temperature can result in overheating of exhaust valves and the 

turbine.An increase in NOemissions is also possible due to the 

increase in engine load. 

  

Increased backpressure may affect the performance of the 

turbocharger, causing changes in the air-to-fuelratio-usually 

enrichment 

  

which may be a source of emissions and engine performance 

problems. The magnitudeof the effect depends on the type of 

the charge air systems. Increased exhaust pressure may also 

prevent someexhaust gases from leaving the cylinder 

(especially in naturally aspirated engines), creating an internal 

exhaustgas recirculation (EGR) responsible for some 

NOreduction. Slight NO 

reductions reported with some DPFsystem, usually limited to 

2-3% percent, are possibly explained by this effect. 

Excessive exhaust pressures can increase the likelihood of 

failure of turbocharger seals, resulting in oil leakageinto the 

exhaust system. In systems with catalytic DPFs or other 

catalysts, such oil leak can also result in thecatalyst 

deactivation by phosphorus and/or other catalyst poisons 

present in the oil. 

All engines have a maximum allowable engine back pressure 

specified by the engine manufacturer. Operating theengine at 

excessive backpressure might invalidate the engine warranty 

  

It is generally accepted by automotive engineers that for every 

inch of Hg of backpressure (that's Mercury ï inchesof Hg is a 

unit for measuring pressure) approximately 1-2 HP is lost 

depending on the displacement and efficiencyof the engine, the 

combustion chamber design etc. 

 

Engine size Back pressure limit 

Less than 50KW 40kpa 

50-500KW 20kpa 

500 KW and above 10 kpa 

 

Table1: VERT Maximum Recommended back 

pressure 

 

Exhaust Velocity: 

 

Exhaust system is designed to evacuate gases from the 

combustion chamber quickly and efficiently. Exhaustgases are 

not produced in a smooth stream; exhaust gases originate in 

pulses. A 4-cylinder motor will have 4 distinct pulses per 

complete engine cycle a 6 cylinder has 6 pulses and so on. 

More the pulses produced, the more continuous the 

exhaustflow. Backpressure can be loosely defined as the 

resistance to positive flow - in this case, the resistance to 

positive flow of the exhaust stream. 

It is a general misconception that wider exhaust gives 

helps in better scavenging. But actually main factor 

behindgood scavenging is exhaust velocity. The astute exhaust 

designer knows that flow capacity must be balanced with 

velocity.The faster an exhaust pulse moves, the better it can 

scavenge out all of the spent gasses during valve overlap.The 

guiding principle of exhaust pulse scavenging is that a fast 

moving pulse creates a low-pressure area behind it.This low-

pressure area acts as a vacuum and draws along the air behind 

it. A similar example would be a vehicle travelingat a high rate 

of speed on a dusty road. There is a low pressure area 

immediately behind the moving vehicle - dust particlesget 

sucked into this low pressure area causing it to collect on the 

back of the vehicle.Exhaustive work has taken place already in 

this field. 

The third stroke, that following the compression 

stroke, of our four stroke Mini engine is the only one 

producing power. The other three consume it. Here weôre 

looking at with exhaust manifolds, so what we need to consider 

is how to minimise power consumed on the exhaust stroke as 

the piston pushes the spent gases out. A free-flowing set upôs 

the name of the game - size playing an important role. Itôs 

always assumed a bigger bore pipe will flow better than a 

small one, so thereôs a tendency to follow the óbiggest is bestô 

principle and go for the biggest that can feasibly be fitted. 

Unfortunately it simply doesnôt work, as this generalised and 

simple view doesnôt consider the phenomena taking place 

within an exhaust system. 

To maximise exhaust óflowô, gas speed (inertia) must 

be kept at an optimum level. Exhaust gas going from one pipe 

size to a bigger one will slow down - the bigger the jump in 

size, the more rapidly itôll slow. This causes two problems.  

Firstly - if the speedôs allowed to slow, inertia will be lost, and 

any extraction effect along with it. This is the phenomena 

where high-speed exhaust gas can be used to clear the 

combustion chamber fully, ready for the fresh in-coming 

charge - effectively ópullingô any last combustion residue out 

http://en.wikipedia.org/wiki/Air-fuel_ratio
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even after the piston has reached top dead centre (almost at a 

standstill). Loss of speed by using too big a pipe will therefore 

leave some spent gases in the chamber, diluting the next 

charge, causing a reduction in power output.  

Secondly - and perhaps more importantly  an overly large pipe 

size will cause such a reduction in gas speed, itôll stop and 

actually reverse 'flow' at the end of the exhaust stroke. Bad 

news, as thisôll allow those horrid spent gases to flow back into 

the chamber - repeat dilution scenario above! So itôs important 

to get the lengths right.  

If too short, one slug of gas exiting one exhaust port 

could run slap bang into the end of another. Worse, the second 

slug could well be going in the other direction. Getting the 

initial (primary) pipes the right length to a well shaped junction 

will all but eliminate this.  

Then we have the shock wave phenomena - affected 

by pipe length and engine speed. On the exhaust stroke, the 

piston shoves a slug of gas out past the valve, creating a 

positive pressure pulse that careens down the system at some 

1300-1500 feet per second. The instant it pops out the end, a 

reflectionôs created sending a negative pressure pulse back up 

the pipe towards the exhaust valve. Now, getting this back 

whilst the exhaust valveôs still open a-ways during the overlap 

period (when both inlet and exhaust valves are open at the 

same time when the piston reaches and stays around top dead 

centre for a short period) the negative pressure will help draw 

out them nasty olô burnt gases. From this we can see that to 

make best use of the returning negative pressure pulse for a 

given engine build/cam type, pipe length needs to be optimised 

to work at a certain engine speed. 

Inertia effects can be used to good effect over a fairly broad 

spectrum of engine rpm. Shock wave effects, however, are 

only effective over a fairly narrow rev range - around 3-400 

rpm. Bearing all this in mind, you can now consider what's 

available for the A-series. 

II  Standard equipment 

The most common standard Mini manifold is the cast iron, 

very short 3 into 1 type cast as one piece with the inlet 

manifold. It actually isnôt at all bad as far as performance on a 

standard engine goes. The standard, very short period cam isnôt 

sensitive to tuned lengths within the rpm limits itôs designed to 

work in, and the bore size is about right to maintain inertia at 

said same expected rpm limits. Consequently, changing it for a 

óperformanceô manifold does very little to improve 

performance - except perhaps at the very top end of the rpm 
range, and why changing the exhaust system first pays biggest 

dividends. On the other hand, changing it doesnôt cause any 

losses - providing you donôt go over-board with the size 

 

Fig.2.1 Standard Equipment 

The main reason for changing it is because itôs 

attached to the inlet manifold. Changing the inlet manifold for 

one of the hi-flow alloy types usually entails changing the 

exhaust manifold at the same time - largely because separating 

the exhaust manifold section from the inlet entails much 

sawing and grinding/filing! And as youôre already fitting/fitted 

a decent system, you may as well fit a performance manifold 

and save a load of grief. Just as likely youôre fitting a whole 

stage one kit anyway...itôs far easier for the customers if a 

decent manifoldôs supplied than a new pipe section and a pack 

of hack saw blades! Its only real saving grace is that it absorbs 

exhaust resonance far better than tubular steel of any sort - so 

is quieter in operation. 

 

Fig.2.2 LCB 

If thereôs a choice, a small-bore LCB is the best alternative. 

Made specifically for small-bore engines, it gives optimum 

performance gains - especially at higher rpm levels. Failing 

that - the Maniflow Cooper Freeflow works very well. Next up 

would be the old Cooper & S 3 into 1 type - but rare as hens 

teeth now.   

 Alternatively, if you want the extra performance an 

LCB can give, but want the noise damping effect the cast iron 

manifold gives, get your hands on one of the cast LCB-type 

manifolds as fitted to the Metro (the MG Metroôs one is 

separate from the inlet - saves the sawing/grinding ordeal). 

With a pair of replacement tubular down-pipes fitted 

performance will be just as good as a tubular LCB on all but 

the more heavily modified engines expected to give 86-87bhp 

or more. 
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Fig 2.3 MG Metro 

Fabricated tubular steel manifolds 

Oddly enough, when quizzed on the reasons behind their 

choice of a particular type of exhaust manifold, some folk 

merely say ócoz it looks goodô. You have to agree that a 

carefully formed tubular manifold is a great improvement 

aesthetically over the standard cast iron lump. Most of us are 

doing it in the quest for improved performance, so function 

must precede form as the initial thought.  Over the years the 

designs and pipe sizes have been pretty much optimised for the 

multitude of power specifications most commonly encountered 

by our venerable A-series engines. Pipe sizes and lengths vary, 

but are distilled down into three bore size categories - ósmallô, 

ómediumô and ólargeô - and essentially two manifold designs - 

ó3-into-1ô and óLCBô.   

3-into-1 types 

Strangely, the least recognised yet most used if only because of 

óOEô fitment. The standard iron manifold is a 3 into 1 - albeit 

very short in the primary pipes, and the first (and abundantly 

fitted) type. Itôs proôs and conôs already detailed above. The 

next example was first fitted to the 997 Cooper, then all 

Cooper and óSô variants until their demise. Originally cast, then 

later made from tube by aftermarket suppliers, this was a half-

way house design between the standard cast manifold and the 

more commonly recognised óraceô 3-into-1. Longer primary 

pipes and larger bore size allowed higher rpm to be achieved, 

and óhotterô cams used without detriment. It works particularly 

well on the small-bore engines, and big-bore units where mild 

cams are used, but is very rare now.  

The Cooper Freeflow by Maniflow was originally developed 

by company owner Dave Dorrington during his time at 

Downton Engineering for the 970 S, and initially for the 1275 

racers too. The design gives better performance than the 

standard Cooper item and fits small-bore engines easily. The 

original Cooper design hit the mechanical fuel pump, so an 

electric one had to be fitted - more cost and hassle. It gives 

superb performance on practically all road-going small-bore 

engines, and better performance on mildly tuned big-bore 

engines than the commonly used LCB. One of itôs biggest 

design assets is itôs easier to get a good gas-tight seal where it 

joins the system by virtue of the fact thereôs only one simple 

joint to deal with.  

óRaceô style 3-into-1s. No prizes for guessing the origin of itôs 

name! The design was translated to the 3-exhaust port A-series 

head from the more common 4-exhaust port race engines. 

Three long primary pipes optimise gas flow by having un-

hindered passage to the system. The lengthôs necessary to 

allow race grind cams with long durations and overlaps to 

achieve maximum rpm/hp potential. This manifold is often 

misconstrued as being solely for absolute, fire-breathing race 

motors - largely because certain phenomena are either ignored 

or simply not known. 

Perhaps the most significant one concerns the right 

ótuned lengthô. 

 

Fig 2.4 3-into-1 type 

Most believe that to maximise power, all cylinders should be 

ótunedô to give exactly the same power, even if this means a 

very narrow power band. The primary pipes would be made all 

the same length. We already know that as far as shock-wave 

tuning goes, this will only benefit over a 3-400rpm range.  By 

virtue of the space a 3-into-1 in a Mini has to fit the three 

primaries are all slightly different lengths.  Extensive testing 

has shown such a manifold produces better over-all results than 

the more commonly used LCB - better bottom-end torque and 

power, and when correctly sized, better over-all economy. This 

suggests the three different pipe lengths are optimising separate 

cylinder power outputs at different rpm ranges - combining to 

give a superior useable power spread.   

The LCB 

Labeled such because of its ólong centre branchô. Contrary to 

popular opinion, the LCBôs main assets lay at the top-end of 

the rpm range - rarely used on any road-going Mini. The 

presumed better mid-range performance just isnôt there, maybe 

because of the more equally matched primary/secondary pipe 

lengths. Its popularity is almost legendary - caused by almost 

universal fitment as a replacement by the masses. Perhaps 
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because óbudgetô versions are easier to ócobble upô than the 

others. 

 

Fig:2.5 LCB 

 
I II -3D MODELING OF EXHAUST MANIFOLD  

EXISTING MODEL:  

 

Fig 3.1 Existing Model 

 

 

3D DRAWING 

Fig.3.2 3D Drawing 

 

                        Fig.3.3 2D Drawing 

MODIFIED MODEL 1  

Modified model has bend radius of 48 mm and exhaust is at the 

centre of header 

 

Fig.3.4 Modified model 

 

2D Drawing: 
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Fig.3.5 2D Drawing 

MODIFIED MODEL 2  

Modified model has bend radius of 100 mm and exhaust is at 

the centre of header.  

 

Fig.3.6.Modified model 2 

2D Drawing: 

 

Fig.3.7 2D Drawing 

IV THERMAL ANALYSIS OF EXHAUST MANIFOLD  

EXISTING MODEL  

4.1.1 MATERIAL ï COPPER 

Save Pro-E Model as .iges format. 

Ansys 14.5 Ÿ workbench Ÿ select engineering data Ÿ edit 

material properties Ÿ return to project Ÿ select geometry Ÿ 

right click Ÿ import geometry Ÿ select required iges file Ÿ 

open  

Select modal Ÿ right click Ÿ editŸ other window will be 

open 

Imported model 

 

Fig.4.1.Imported model 

MATERIAL PROPERTIES OF COPPER  

 

Density ï 8960 kg/m3 

Youngôs modulus = 128000 MPa 

Poissionôs ratio = 0.36 

Select mesh Ÿ right click Ÿ generate mesh Ÿ select sizing Ÿ 

change from course into fine Ÿ select again mesh Ÿ right 

click Ÿ generate mesh 

 

Meshed model 

 

Fig.4.2 Meshed model 

 

Select study state thermal Ÿ right click Ÿ insert Ÿ 

temperature Ÿ select temperature applied area on component 

Ÿ enter temperature value Ÿ apply 

Temperature 
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Fig .4.3 Applying Temperature 

 

Select study state thermal Ÿ right click Ÿ insert Ÿ convection 

Ÿ select convection applied area Ÿ enter film coefficient 

value Ÿ apply 

Convection 

 

Fig.4.4 Convection 

Select SolutionŸ right click Ÿ insert Ÿ select temperature  

Select solution Ÿ right click Ÿ insert Ÿ select heat flux 

Select solution Ÿ right click Ÿ solve Ÿ take results 

 

 

 

 

 

 

Temperature 

 

       Temperature effect                       Heat flux 

4.1.2 MATERIAL - MANGANESE 

Temperature  

 

 Applying Temperature                   Heat flux 

4.1.3 MATERIAL  ïNICKEL  

Temperature 

 
Effect of Temaperatute            Heat flux 

 

   

 

 

 

 



VVRLS GAngadhar* et al                                                                                                                                        ISSN: 2250-3676 

[IJESAT] [International Journal of Engineering Science & Advanced Technology]                               Volume-7, Issue-1, 032-044 

 

 
IJESAT | Jan-Feb 2017       
Available online @ http://www.ijesat.org 

 

 

4.1.4 MATERIAL ï STAINLESS STEEL 

Temperature 

 

Effect of temperature          Heat flux 

4.2 MODIFIED MODEL  

4.2.1 MATERIAL ï COPPER 

Temperature 

 

  Effect of Temperature                    Heat flux 

 

4.2.2 MATERIAL ï MANGANESE 

 
Temperature                              Heat flux 

 

 

 

4.2.3 MATERIAL ïNICKEL  

 

Temperature Effect       Heat flux 

4.2.4 MATERIAL ï STAINLESS STEEL 

Temperature 

 

Temperature Effect            Heat flux 

4.3 CFD ANALYSIS 

4.3.1 EXISTING MODEL  

MASSFLOW RATE - 0.07Kg/s 



VVRLS GAngadhar* et al                                                                                                                                        ISSN: 2250-3676 

[IJESAT] [International Journal of Engineering Science & Advanced Technology]                               Volume-7, Issue-1, 032-044 

 

 
IJESAT | Jan-Feb 2017       
Available online @ http://www.ijesat.org 

Save Pro-E Model as .iges format. 

ŸŸAnsys  Ÿ WorkbenchŸ Select analysis system Ÿ Fluid 

Flow (Fluent) Ÿ double click ŸŸSelect geometry Ÿ right 

click Ÿ import geometry Ÿ select browse Ÿopen part Ÿ 

okŸŸ select mesh on work bench Ÿ right click Ÿedit  

4.3.2  IMPORTED MODEL &MESH  

 

 

INLET &OUTLET  

 

Fig.4.23  Inlet and Outlet 

SPECIFYING BOUNDARIES FOR INLET AND 

OUTLET  

 Select edge Ÿ right click Ÿ create named section Ÿ 

enter name Ÿ inlet  

Select edge Ÿ right click Ÿ create named section Ÿ enter 

name Ÿ outlet 

File Ÿexport Ÿ fluent Ÿinput file(mesh) Ÿ enter required 

name Ÿ save. 

ŸŸ ansys Ÿ fluid dynamics Ÿ fluent Ÿ select 2D or 3D Ÿ 

select working directory Ÿ ok 

ŸŸfile  Ÿ read Ÿ mesh Ÿ select file Ÿ ok.General 

ŸPressure based  

Model Ÿ energy equation Ÿ on  ĄModel Ÿ Viscous Ÿ Edit 

Material Properties 

Solution Ÿ Solution InitializationŸ Hybrid Initialization 

Ÿdone 

Run calculations Ÿ No of iterations = 30   Ÿ calculate   Ÿ 

calculation complete 

ŸŸ Results Ÿ graphics and animations Ÿ contours Ÿ 

setup 

PRESSURE 

 

Applied Pressure                    Velocity Magnitude 

TEMPERATURE  

 

Fig.4.27 Temperature 

MASS FLOW RATE  

 

 

HEAT TRANSFER RATE  
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        Total Heat Transfer Rate                  (w) 

-------------------------------- -------------------- 

inlet            19589.617 

outlet           -19581.877 

wall-____msbr                    0 

                ---------------- -------------------- 

                             Net            7.7402344 

 

 

MASS FLOW - 0.13Kg/sec 

 

PRESSURE  

 

Applied Pressure 

TEMPERATURE  

 

Fig 4.30 Temperature 

MASS FLOW RATE  

 
"Flux Report" 

 

Mass Flow Rate               (kg/s) 

-------------------------------- -------------------- 

inlet          0.070000015 

interior-____msbr           0.02960912 
outlet         -0.069840908 

wall-____msbr                    0 

---------------- -------------------- 

Net        0.00015910715 

 

Total Heat Transfer Rate 

 

"Flux Report" 

 

Total Heat Transfer Rate                  (w) 

-------------------------------- -------------------- 

inlet            19589.627 

outlet           -19545.113 

wall-____msbr                    0 

---------------- -------------------- 

Net            44.513672 

 

 

 

4.3.4 MODIFIED MODEL -2 CHANGING THE 

PLACEMENT  

 

MASS FLOW AT 0.07Kg/sec 

 

 

IMPORTED MODEL  

 

Fig 4.31 Imported Model  Mesh Model 

PRESSURE  
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Applied Pressure                   Velocity Magnitude 

 

TEMPERATURE  

 

Fig 4.35 Temperature 

                  Mass Flow Rate               (kg/s) 

-------------------------------- -------------------- 

inlet          0.069999941 

interior -____msbr          0.061317224 

outlet         -0.069972284 

wall-____msbr                    0 

---------------- -------- 

Net        2.7656555e-05 

HEAT TRANSFER RATE  

 

 

MASS FLOW AT 0.13 Kg/sec 

 

PRESSURE 

 

Applied Pressure                Velocity Magnitude 

TEMPERATURE  

 

Fig 4.38 Temperature 

 

MASS FLOW RATE  

 

 


