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ABSTRACT repaired or replaced. Knowing the differences in designs and
materials will make buying a replacement exhaust manifold

Exhaust manifold is one of the most critical easier.

components of an IC Engine. The designing of exhaust
manifold is a complex procedure and is dependent on many pefinition

parameters viz. back pressure, xhaust velocity, . . . .
mechanical efficiency etc. Preference for any of this An exhaust manifold is a series of connected pipes that bolt

parameter varies as per designers needs. Usually fueldirectly onto the engine head. It is an integral part of the
economy, emissions and power requirement are three exhaust system. Hot exhaust gas from the exhaust ports on the
different streams or thought regarding exhaust manifold engi ned6s cylinder head is fun

design. In this project, an existing model of an engine single cdiector pipe. From there, it is sent to the exhaust pipe.
Exhaust Manifold is modeled in 3D modeling software. The

design of the exhaust manifold is changedln existing Function
mogi! tge bedmlj rzad”és 'Sd 48dmm ?Z‘% exhausys Ok:‘ one side gyhayst manifolds are a necessary component of the exhaust
oditied mode’ has bend radius o mm and exhauss at system. Their design is optimized to ensure exhaust gases flow

the centre of header, the models are modeled in ™7 " . . .
Pro/Engineer.CFD analysis is done on both models at mass fficiently from the engine combustion chamber without

flow rate of 0.07 and 0.13.Thermal analysis is done for both creating anypack pressure. A properly functioning exhaust
models using different materials copper,Nickel, Stainless manifold is important to prevent uneveower and engine
steeland manganese. vibrations.

Types of Exhaust Manifolds

There are two main design configurations for exhaust

1. INTRODUCTION manifolds, fourinto-one and fouinto-two. Each design has
the same primary function, with the main differences being
Theexhaust manifolds the key component in the performance and cost. The other main difference among
exhaust system on a vehicle. It is responsible for collecting tayhaust manifolds is their construction. They are generally

exhaust gas from the ngrneos cy l n der made from either cast iron or welded tubular steel.
down to the exhaust pipe. At the same time, it prevents &

toxic exhaust fumes from leaking into the passenger area of gqr-into-One Exhaust Manifolds

vehicle. Exhaust manifolds come in two main design styIEF int haust ifold t often found on hiah
commonly referred to as foumto-one and foutinto-two our Into one exhaust maniiolds are most often tound on-hig

exhaust manifolds. Most exhaust manifolds are made from cSPeed engines, as the design is better suited for use at higher
iron, but aftermarket versions are often made from weld RPMs. In this manifold design, all four manifold pipes join at a
tubular steel. A damaged exhaust manifold should be replasingle point.

immediately, and car owners in the market for one rteed

know which features to pay attention to in order to find trFour-into-Two Exhaust Manifolds

Analysis is done in Ansys.

right one. On fourinto-two exhaust manifolds, the four pipes coming off
the engine head are first paired into twos, and then joined
1.1 EXHAUST MANIFOLDS EXPLAINED together into a single pipe at the back of the vehicle. This is the

referred design for lowto mediumspeed engines, as it is

Depending on the engine type, a vehicle will have, .o « jited for torquenan speed.

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

engine typically has one exhaust rifald. The vast majority 1.2 CONSTRUCTION OF EXHAUST MANIFOLDS

of todayds c-ahapede requiriny @ree manifold Exhaust manifolds are made either from cast iron or
for each of two cylinder banks. Regardless of whether one of a few types of steel. The majority of exhaust manifolds

vehicle has one or two exhaust manifolds, the basic function are made from cast iron, as it is relatively inexpensive and lasts
of it is the same. Understanding exactly what ahaest & long time. The drawbis to cast iron manifolds are that they
Kare quite heavy and tend to get brittle with age and exposure to

manifold is and how it works will help car owners mal X )
. - . the heat cycles of aengine. Tubulasteel exhaust manifolds
informed decisions when an exhaust manifold needs to we
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are known for having better exhaust flow and are, therefo Choosing Type Based on Engine
found on many performance hieles. Stainless steel exhaus The first step in determining which exhaust manifold

manifolds are the most expensive, but are-resistant and . . naqe s to identify which manifolds will fit therpeular
extremely long lasting. Less expensive aluminized ste

manifolds offer many of the benefits of stainless ones, but wi €"9in€ in the vehicle. Exhaust manifolds are made to fit a
rust if the outer layeis scratched. 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 mee 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

REPLACING AN EXHAUST MANIFOLD performance should also be taken into account.

Although some vehicle owners might be shopping fc
an exhaust manifold simply to replace a cast iron stock ¢ Ch0osing Between OEM andiftermarket Varieties
with a better performing aftermarket variety, many times, tt The first considerations when shopping for exhaust
reason for replacement is failure of the part. Ehananifolds manifolds should be strength and durability. Exhaust systems
usually fail for one of a few common reasons, and it are subjected to excessive heat and harsh conditions. A well
important to repair or replace the system as soon as possiblemade manifold will last longer and yield better fuel efficign
Although OEM parts provide adequate performance for most
cars, drivers with higiperformance vehicles generally prefer
Exposure to the normal heat cycles of an engine chigher quality aftermarket exhaust manifolds designed
cause cracks in an exhaust manifold. As the vehmhirmues specifica”y for faster, more powerfu| engines_
to age, the cracks turn into holes. Once this happens,
vehicle engine sounds extremely loud and there is a lik¢P2y Attention to Insulation

chance that toxic fumes are entering the cabin of the vehicle.In order to prevent overheating inside the engine bay, an

exhaust manifold must be properly insulated. Exhaust wrap is

The gaskets on the exhaust manifold are equaliyexpensive and offers good insulation because it wraps around

important, andheir failure has the same results.Other exhauite manifold, but it can cause the manifold to degrade
manifold components that are subject to failure include tgematurely. Ceramic ixture is the preferred type for

exhaust system hangers, which are designed to hold up H%formance and race cars, as it provides excellent thermal

. : . Insulation.
entire system. These can break off, leaving the whole weight o?

the exhaust system to bearried by the manifold, and 1.3 MATERIALS USED EOR EXHAUST MANIFOLD
eventually causing it to fail.

Causes of Failure

The most common types of aftermarket headers are
The Importance of Repairing a Broken Exhaust Manifold ~ made of mild steel or stainless steel tubing for the primary
Excess engine noise is not the only concern with tubes along with flat flanges and possibly a larger diameter
broken exhaust manifold. There are several other reason:collector made of a similar material as the primaries. They may
make necessary repairs as sas they are diagnosed. Abe coated with a ceramigpe finish (sometimes both inside
cracked or malfunctioning manifold can result in toxic fumeand outside), or painted with a heasistant finish, or bare.
leaking into the seating area of a vehicle. Fuel economy is aChrome pated headers are available but they will tend to blue
negatively impacted by issues with the exhaust manifolafter use. Polished stainless steel will also color (usually a
Moreover, a vehicle with a cracked or leakinghaxst vyellow tint), but less than chrome in most cases.

i i ass state vehicle emissions inspections. e . .
manifold will not p b Another form of modification used is to insulate a

Finding the Right Exhaust Manifold standard or aftermarket manifold. $hdecreases the amount of
Before selecting a replacement exhaust manifold forheat given off into the engine bay, therefore reducing the

vehicle, a few features, other than design and constructi intake manifold temperature. There are a few types of thermal

must be considered. Engine type and asaghould be insulation but three are particularly common:

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

right style. Once a style is decided upon, the question becor Ceramic paint is sprayed or brushed onto the manifold and then

whether an exhaust manifold should be replaced with an Orcured in an oven. These are usually thin, so have little

(original equipment manufacturer) part or an aftermarkinsulatory properties; however, they reduce engine bay heating

replacement. The type of insulation used is important in orcPY lessening the heat output via radiation.

to prevent overheating under certain circumstances.
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A ceramic mixture is bonded to the manifold th@rmal there is more than one exhaushka'Y-pipes' and 'Xpipes'
sprayingto give a tough ceramic coating with very goowwork on the same principle of using the low pressure
thermal insulation. This is often used on performanccomponent of an exhaust pulse to increase the velocity of the
production cars and tragknly racers. next exhaust pulse.

Great care must be used when selecting the length and
diameter of the primary tubes. Tubesttlare too large will
cause the exhaust gas to expand and slow down, decreasing the
scavenging effect. Tubes that are too small will create exhaust
The goal of performance exhaust headers is mainly to decreflow resistance which the engine must work to expel the
flow resistancelfack pressre), and to increase the volumetricexhaust gas from the chamber, reducing power andnbpa
efficiency of an engine, resulting in a gain in power outpLexhaust in the chamber to dilute the incoming intake charge.
The processes occurring can be explained bygdiselaws Since engines produce more exhaust gas at higher speeds, the
specifically theideal gas lavand thecombined gas law header(s) are tuned to a particular engine speed range
according to the intended application. Typically, wide primary
tubes offerthe best gains in power and torque at higher engine
speeds, while narrow tubes offer the best gains at lower speeds.

Exhaust wrap is wrapped completely around the manifol
Although this is cheap and fairly simple, it can lead t
premature degradation of the manifold.

When an engine starts its exhaust stroke, the piston moves
the cylinder bore, decreasing the total chamber volume. Whe
the exhaust valve opens, the high pressure exhaust gas esc
into the exhaust manifold or header, creating an 'exhaust pL Many headers are alsesonancéuned, to utilize the
comprising three main parts: low-pressure réécted wavearefactionpulse which can help
scavenging the combustion chamber during valve overlap. This
The highpressuréheadis created by the large prass pulse is created in all exhaust systems each time a change in
difference between the exhaust in the combustion chamber density occurssuch as when exhaust merges into the collector.
the atmospheric pressure outside of the exhaust system For clarification, the rarefaction pulse is the technical term for
the same process that was described above in the "head, body,
As the exhaust gasses equalize between the combustail* description. By tuning the length of the primary tubes,
chamber and the atmosphere, the difference in pressusually by meansf resonance tuning, the rarefaction pulse can
decreases and the exhaustoeity decreases. This forms thebe timed to coincide with the exact moment valve overlap
mediumpressurdodycomponent of the exhaust pulse occurs. Typically, long primary tubes resonate at a lower
engine speed than short primary tubes.

The  remaining  exhaust gas forms the -ow Some modern exhaust headers are available with a

pressurdail component. This tail component may initially cerami coating. This coating serves to prohibit rust and to
match ambient atmospheric pressure, bumbmenturof the  o4,,ce the amount of heat radiated into the engine bay. The

high- and mediurn pressure components reduces the presstpeat reduction will help prevent intake manifold heat soak,

in the combustion chamber to a loviearratmospheric level. \\hich will decrease the temperature of the air entering the

This relatively low pressure helps to extract all thengine.
combustion products from ¢hcylinder and induct the intake
charge during the overlap period when both intake and exhe
valves are partially open. The effect is known as 'scavengir
Length, crosssectional area, and shaping of the exhaust po
and pipeworks influences the degref scavenging effect, and
the engine speed range over which scavenging occurs.

Crossplan&/8 engineshave a left and right bank each
containing 4 cylinders. When the engine is running, pistons are
firing accordng 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

The magnitude of the exhaust scavenging effect ispipe they should ewanter either an X or H pipe.
direct function of the velocity of the high and medium pressu
components of the exhaust pulse. Performance headersovor
increase the exhaust velocity as much as possible.
technique is tunetbngth primary tubes. This technique
attempts to time the occurrence of each exhaust pulse, to ot

When they encounter the pipe, part of the pulse
diverts into the XH 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 alongmpe and when it
comes at a crossing the fluid will take the path of least

one afte;hth(T other in SUCC_TSSf'On WT]"e still Im ”;16 exh‘mresistance and some will bleed off, thus lowering the pressure
system. The lowepressure tail of an exhaust pulse then SerVslightly. Without a XH pipe the flow of exhaust would be

to create a greater pressure difference between the rjerky or inconsistent, and the engine would not run at its

pressure head of the next exhaust pulse, thus increasing highest efficiency. The double exhaust pulse would cause part
velocity of that exhaust pulse. In V6 and V8 engines wheie
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of the next exhaust pulse in that bank to not exit that cylinder Tablel: VERT Maximum Recommended back
completely and cause either a detonation (because of a pressure

high air-fuel ratio(AFR)), or a misfire due to a low AFR,
depending on how much of the double pulse was left and w Exhaust Velocity:
the mixture of that pulse was.

Exhaust system is designed to evacuate gasegtiem
combustion chamber quickly and efficiently. Exhaustgases are
not produced in a smooth stream; exhgases originate in
pulses. A 4cylinder motor will have 4 distinct pulseer
complete engine cycle adylinder has 6 pulses and so on.
More the pulses produced, thmore continuous the
exhaustflow. Backpressure can be loosely defined as the
resistance to positive flow in this case, the resistance to

Effects of Increased Back Pressure

At increased back pressure levels, the engine has to comp
theexhaust gases to a higher pressure whichinvolves additic
mechanical work and/or less energy extracted by the exhe
turbine which can affect intakemanifold boost pressure. Tt
can lead to an increase in fuel consumption, PM and (
emissions and exhatemperature. The increased exhau: =
temperature can result in overheating of exhaust valves and positive flow ofthe exhaust stream.

. ) . o . . It is a general misconception that wider exhaust gives
turbine.An increase in NOemissions is also possible due to . : .
. . . helps in better scavenging. But actually main factor
increase in engine load.

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 spentsgas during valve overlap.The
guiding principle of exhaust pulse scavenging is that a fast
moving pulse creates a lepressure area behind it.This low
pressure area acts as a vacuum and draws along the air behind
it. A similar example would be a vehiclatelingat a high rate

of speed on a dusty road. Thereaidow pressure area
immediately behind the moving vehicledust particlesget
sucked into this low pressure area causing ottect on the

Increased backpressure may affect the performance of
turbochager, causing changes in the -trfuelratiousually
enrichment

which may be a source of emissions and engine performa
problems. The magnitudeof the effect depends on the type
the charge air systems. Increased exhaust pressure may
prevent somexhaust gases from leaving the cylinde
(especially in naturally aspirated engines), creating an inter
E@iﬁg;ﬁn. ;Tg;iul\%lon (EGR)  responsible  for  sor back of the vehicle.Exhaustive work has taken place dyjriza
) . .. this field.

reductions reported with some DPFsystem, usually limited . . : :
2-3% percent, @ possibly explained by this effect. The third stroke, that. followm g t.he compression
Excessive exhaust pressures can increase the IikelihoodStc;Pke’ of qu four: stroke Miniengine is the only one
failure of turbocharger seals, resulting in oil leakageinto t e 0 ducing power. The other t

exhaust system. In systems with catalytic DPFs or othé)rOKIng at with exhaust manifolds, so what we need to consider

. . is how to mininise power consumed on the exhaust stroke as
catalysts, such oil leak can also résuh thecatalyst . .
o . the piston pushes the spent gases out. Affreeo wi ng s e
deactivation by phosphorus and/or other catalyst pmsorhs . . .
. . the name of the gamesi ze pl aying an inm
present in the oil.

All engines have a maximum allowable engine back pressu"jlrlélvays assumed a bigger bore pipe will flow better than a

. . : . s mal l one, s oy tthoe rfeodl sl oaw ttehned e
specified by the engine manufacturer. Operating theengine™at . . : )
. . . . principle and go for the biggest that can feasibly be fitted.
excessive backpressure might invalidateghgine warranty . .
Unfortunately it simply doesn

It is generally accepted by automotive engineers that for eve\‘j'v}/' mple view doesnot consider

Ty, .

inch of Hgof backpressur@hat's Mercuryi inchesof Hg is a thin an exhaust system.
unit formeasuring pressure) approximately?2 1HP islost
depending on the displacement and efficiencyof thggnen the
combustionchamber design etc.

To maximise exhast O6f |l owd, gas sp
be kept at an optimum level. Exhaust gas going from one pipe
size to a bigger one will slow downthe bigger the jump in

size, the more rapidly itdoll
Engine size Back pressure limit
Less than 50KW 40kpa Firstly-i f t he s p e sawisertiavillbelase dnd t o
50-500KW 20kpa any extraction effect along with it. This is the phenomena
500KW and above 10 kpa where highspeed exhaust gas can be used to clear the
combustion chamber fully, ready for the freshcoming
charge-ef fectively Opul |l i imdgefoutany
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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 andperhaps more importantly an overly large pipe

size wildl cause such a reducti it o6l | S
actually reverse 'flow' at the end of the exhaust stroke. Bad

news, as thisoll all ow those hc o fl ow
the chamberrepea di | uti on scenari o abc ant

to get the lengths right.

If too short, one slug of gas exiting one exhaust port Fig.2.1 Standard Equipment

could run slap bang into the end of another. Worse, the second The main reason for changing t i s becal

slug could well be going in the other direction. Getting thgached to the inlet manifold. Changing the inlet manifold for
initial (primary) pipes the right length to a well shaped junctiogna of the hiflow alloy types usually entails changing the

will all but eliminate this. exhaust manifold at the same timlkargely because separating

Then we have the shock wave phenomeatfected the exhaust manifold section from the inlet dstainuch

. . . S |
by pipe length and engine speed. On the exhaust stroke, ?hg wing and grind '_ ng/filing y A
X . a decent system, you may as well fit a performance manifold
piston shoves a slug of gas out past the valve, creatin

o and save a |l oad of grief. Ju:
positive pressure pulse that careens down the system at somte N kit nvw 86
13001500 feet per second. The instant it pops out the end?a age one aA yway. .. s

man.i f ol dobs supPPl e

. ~ . decent | d th
reflectionds created sendlnghz-k ngla?da;[ltlvf glre,ssur.thzﬁ.lt.llbs%
the pipe towards the exhaust valve. Now, getting this badk ack saw es: s only real saving grace 1 L absorbs

whilstt he exhaust \waysweriagsthe sveriap ?xhagst resonancg far better than tubular steel of any sort
|ﬁeqwet r in operation.

period (when both inlet and exhaust valves are open at t
same time when the piston reaches and stays around top dead

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

out them nastylod bur nt gases. From this we hat 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 overirdyfaroad
spectrum of engine rpm. Shock wave effects, however, are

only effective over a fairly narrow rev rangearound 3400 Fig.2.2 LCB
rom. Bearing all this in mind, you can now consider what's
available for the Aseries. I f therebds aoreclCB is the best altersativa. | |

Made specifically for smalbore engines, it gives optimum
performance gains especially at higher rpm levels. Failing
The most common ahdard Mini manifold is the cast iron,that—the Maniflow Cooper Freeflow works very well. Next up
very short 3 into 1 type cast as one piece with the inlgould be theold Cooper & S 3 into 1 typebut rare as hens

II Standard equipment

mani fol d. I't actwually i snotteethnowal | bad as far as perfor
standard engine goes. The standard, very short period ca
sensitive to tuned lengthstwh i n t he r pm | i mi t sAlternatively, il yos wagintiee cextra performance an

work in, and the bore size is about right to maintain inertia BCB can give, but want the noise damping effect the cast iron
said same expected rpm limits. Consequently, changing it fof@nifold gives, get your hands on one of the cast typ@

ge?foerrr:a];]cg rexTeT)tnpgrr?ags at tr::eavr;tr(i)pfer?dl o(fj the rgn? ménifold! &<’ fftect b ! k thlee Mé r o' IPQ he" “m
range, and why changing the exhaust system first pays bigg%%rgarate from the inlet saves the sawing/grinding ordeal).

di vidends. On the other haNHh a Paraef greplpggmentt tubylay cdowpines fitteda y s
lossespr ovi di ng y cehoardwithmtiietsizeg o  operéormance will be just as good as a tubular LCB on all but
the more heavily modified engines expectedjite 8687bhp
or more.
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engines, and better perfobance on mildly tuned bigore
engines than the commonly wus
design assets i s i-gltsealeheriter
joins the system by virtue of
joint to deal with.

O0Raceb-intss1 yl eN@ prizes for gue
name! The design was translated to thexBaust port Aseries

head from the more common-eihaust port race engines.
Three long primary pipes optimise gas flow by having un
hindered passage to the systenthn & | engt hds ne
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,-ffireathing race
motors- largely because certain phenomena are eigmared

Oddly enough, when quizzed on the reasons behind th@frsimply not known.

choice of a particular type of exhaust manifold, some folk o )
merely say ©6coz it |l ooks good ge_rhap§ ttp% mog 3'9/“&'03”{ Qe cgr&q,rng éhe r{gip]t a
carefully formed tubular manifold is a great improvemen?t uned lengtho.

aesthetically over the staad 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 rstocommonly encountered

by our venerable Aeries engines. Pipe sizes and lengths vary,
but are distilled down into three bore size categorigss mal | 6,
Omedi umd aamdlesséntialy tyyoar@nifold designs
Otoo1 6 and 6LCBO.

Fig 2.3 MG Metro

Fabricated tubular steel manifolds

Fig 2.4 3-into-1 type

3-into-1 types

Strangely, the least recognised yet most used if only becauséf@s‘t believe Ehat to maX|m.|se power, all cylinders should be
60EDO6 fitment. The st andalbeit Oitruonne dn‘?a ntiof oY IdV_ei Se.xaa C3t Iiyn ttoh 1
very short in the primary pipes, and the first (and abundant\(ﬁry narrowpower band. The primary pipes would be made all
fitted) type. ltdés probs a Hmasargeolc?_p%t.hs W%qlr?a%yakﬁoy)/ th%t gstfae{ 79 sgagk abc
next example was first fitted to the 997 Cooper, then aﬂ_m'ng goes, this will only berTeﬁt ovgr.a4®0rpm.range. By
Cooper and 06S6 variants unt \{lr.t|ue O[f Wee§p?cg ﬁ"gt?h]i 'd 8 M'ma?sitogf'it ,Weathr?ey C
later made from tube by aftermarket suppliers, this was a hgpfimaries are all sllgly.d|fferent lengths. Extensive testing
way house design between the standard cast manifold and QRé shown such a manifold produces better-alteesults than

more commohy r e c o g n krsoeldLongar aricarp th% more commonly used LQBbetter bottorrend torque apd
pipes and larger bore size allowed higher rpm to be achiev&ﬁ’,wer' and when correctly sized, better eaklargcc.)n.omy. This
and 6hotterd cams used wit h3599§sts fethree difigrenpe lengths are gptimisipg sepgrate ¢
well on the smailbore engines, and bigpre units where mild CY"”der power outputs at different rpm rangesmbining to

cams are used, butisry rare now. give a superior useable power spread.

The Cooper Freeflow by Maniflow was originally developedr he LCB

by company owner Dave Dorrington during his time & apel ed
Downton Engineering for the 970 S, and initially for the 127
racers too. The design gives better performance than

standard Cqger item and fits smalbore engines easily. The presumed better mid ange performance j u:

original Cooper design hit the mechanical fuel pump, so Yécause of the more equally matched primary/secondary pipe

electric one had to be flttedmore cost and hassle. It g'veslengths. Its popularity is almost legendargaused by almost
superb performance on practically all regaing smakbore universal fitment as a replacement by the masses. Perhaps

such because of its ¢
opul ar opinion, t h e e topembot me
8 rpm range rarely used on any roegbing Mini. The
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because Obudgetd ver si
others.

Fig:2.5 LCB

[1I-3D MODELING OF EXHAUST MANIFOLD

EXISTING MODEL:

Fig 3.1 Existing Model

3D DRAWING

Fig.3.2 3D Drawing

ons

ar e upod t

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 Select modal Y right click Y
open

MODIFIED MODEL 2

Imported model
Modified model has bend radius of 100 mm and exhaust is at
the centre of header.

]

FBY |k ¥ X Q2

LLJ
300.00 (mm)

Fig.4.1.Imported model

MATERIAL PROPERTIES OF COPPER

Fig.3.6.Modified model 2

2D Drawing: Densityi 8960 kg/nd

Youngds modulus = 128000 MPa

83,75

Poi ssionbdbs ratio = 0.36

Select mesh Y right click Y g

change from course into fine
c | i cgknerdte mesh
41,55 422
181.1
20,77
422 ’/'?"'/B)g/
. 60 Meshed model
NS
et
\P\
& | | 422

Fig.3.7 2D Drawing

IV THERMAL ANALYSIS OF EXHAUST MANIFOLD

EXISTING MODEL

Fig.4.2 Meshed model
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Save ProE Model as .iges format.
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4.3 CFD ANALYSIS
4.3.1 EXISTING MODEL
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Fig.4.23 Inlet and Outlet
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Total Heat Transfer Rate (w) Mass Flow Rate (kals)

inlet 0.070000015
interior- msbr 0.02960912
outlet -0.069840908

inlet 19589.617 wall- msbr 0
outlet -19581.877 Net  0.00015910715
wall- msbr 0
Total Heat Transfer Rate
"Flux Report"
Net 7.7402344
Total Heat Transfer Rate (w)
MASS FLOW - 0.13Kg/sec inlet 19589.627
outlet -19545.113
wall- msbr 0
PRESSURE
Net 44513672
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Total Heat Transfer Rate {w)
inlet 36388715

outlet -36359._.238

wall- msbr g
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