Experiment No 6
Objective: - Study of Operation and Performance analysis of turbochargers. 

[image: image1.wmf]Prerequisites: -
1. Why Turbochargers?

2. A brief knowledge of turbochargers. 

3. An idea about compressor maps.

4. A well introduced idea about Boost pressure and other terminologies used in turbocharger studies. 

5. …

6. …

7. …
[image: image2.wmf]Minute details about the practical Setup :-( or the theoretical brief background):-
A turbocharger is a positive feedback unit, in which as exhaust flow increases, the turbine of the turbocharger increases, which increases the pressure or boost supplied to the intake system. As engine rpms increase, turbo boost increases to a point where the wastegate regulates it.

Today's vehicles are being equipped more and more with turbochargers. To understand what they do, we'll explain how they work. A turbocharger is made up basically of 3 sections: a center body consisting of the shaft housing, an intake housing and an exhaust housing. The center housing is a shaft with the turbine fins attached on each side; the bearings and seals of the shaft are in the center housing. Now that you have found it, you can take the cover off. 
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Working of Turbochargers:
The exhaust of the engine flows through the exhaust housing and turns the turbine on the exhaust side, which in turn turns the intake turbine that pressurizes the air going into the intake. There is a wastegate on the exhaust side that regulates how much of the exhaust pressure is applied to the turbo and how much bypasses it. Without the wastegate, the pressure could build to a point of destroying the engine. The wastegate is the turbocharger's "failsafe", for lack of a better term.

The air to the intake is usually cooled by an intercooler, which uses the engine cooling system to reduce the high temperature of the air before it goes into the intake system. The cooler the air into the cylinders, the denser the fuel/air mixture can be. So for optimum efficiency, the air going into the cylinders needs to be as cool as it can be.

Normally most problems occur with turbochargers when foreign debris gets into the turbine blades and binds the turbines or when the oil drain tube becomes clogged with hardened oil that has gone from the extreme heat of the turbo to the cooler oil drain tube. When the oil drain tube becomes clogged, the oil builds up in the center housing, having place to go, it pushes out the shaft seals and often creates an extremely smoky engine. With regular oil changes and servicing, turbochargers can be pretty reliable.

A turbocharger is an exhaust-driven air compressor. It becomes an air compressor by utilizing expanded exhaust gases from the engine. The exhaust gas pressure and the heat energy extracted from the gas causes the turbine wheel to rotate, thus driving the compressor wheel through a common shaft. Exhaust temperature and pressure drop as they pass through the turbine housing and into the atmosphere. The rotating compressor wheel draws air in and the blades accelerate and expel the air into the compressor housing. Once into the compressor housing, the air is compressed and flows toward the intake manifold, pressurizing the intake in a measurable form we call boost pressure.
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Figure : I.C. Engine with Turbocharger
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Figure 2:  Elements of Turbochanrger

CASE STUDY : 

We have two different experiments:- 
We have a Toyota MR2 turbocharger whose turbine is run by compressed air rather than exhaust from an engine. This is used for studying the effect at various flow rate of fluid entering the turbocharger, where as we have an Indica V-2 turbocharger which is attached to a Maruti Zen engine. Here the turbocharger is run by the exhaust of the engine. 
The Compressor:
Here's a comparison chart of turbo compressor wheel and turbine wheel. Not necessarily sorted by size and power.

	Turbo
	Compressor
	Turbine

	
	Wheel Trim
map avail
	Inducer
Diameter
(in./mm)
	Exducer
Diameter
(in./mm)
	Housing
	 

CFM

 
	Wheel

Trim
	Exducer
Diameter
(in.)
	Inducer
Diameter
(in.)
	 Flange   style,  

Housing size

	Stock TB02/22
	T2
	1.57"/40mm
	2.02"/51mm
	TB22
	304

max
	T22

69
	1.53"/38.9mm
	1.85"/47mm
	T25

	Garrett T25
	T25

60
	1.66"/42mm
	2.14"/54.4mm
	TB25
	405

max
	T25

62
	1.64"/41.7mm
	2.09"/53mm
	T25

	Garrett T28
	T3
60
	1.83"/46.5mm
	2.37"/60mm
	TB03
	448

max
	T25

62
	1.64"/41.7mm
	2.09"/53mm
	T25

	JWT 500
	 
	1.53"/38.9mm?
	2.06"/52mm?
	TB22
	 
	T25
	1.59"/40.4mm
	1.83"/45.7mm
	T25

	JWT 530BB
GT25R/GT2554R
	GT25R
60
	1.65"/42mm
	2.14"/54.3mm
	GT25R
	 
	GT25

62
	1.64"/41.7mm
	2.09"/53mm
	T25

.64 A/R

	JWT 600
	T3?

60?
	1.83"/46.5mm
	2.37"/60mm
	TB25
	 
	 
	1.86"/47.2mm
	2.09"/53mm?
	T25

	JWT 650
	T3
63
	1.89"/48mm
	2.37"/60mm
	T3
	506

max
	T3
	1.86"/47.2mm
	2.09"/53mm
	T25

	JWT 700 BB
GT28RS/GT2860R
	GT28RS
62
	1.86"/47.2mm
	2.37"/60mm
	GT28RS
	535

max
	GT28

76
	1.85"/46.9mm
	2.09"/53.9mm
	T25

.86 A/R

	GT2871R
	GT2871R
48
	1.94"/49.2mm?
	2.79"/71mm?
	GT28RS
	599

max
	GT28

76
	1.85"/46.9mm
	2.09"/53.9mm
	T25

.86 A/R

	PE
1420
	?

57
	1.79"/45.5mm
	2.37"/60mm
	?
	494

max
	P20

84
	1.73"/44
	1.89"/48mm
	?

	PE
1820
	?
55
	2.07"/52.5mm
	2.76"/70mm
	?
	635

max
	P20

84
	1.74"/44.7
	2.047"/52mm
	?

	Greddy TD04H-15C
	15C

55
	1.65"/42mm
	2.187"/55.5mm
	TD04
	 
	TD04H
	1.74"/44.7
	2.047"/52mm
	TD04H

3bolt

	Greddy TD05-16G
	16G
60
	1.83"/46.5mm
	2.236/57mm
	TD05
	520

@2PR
	TD05H
	1.93"/49mm
	2.20"/56mm
	TD05H

6,7,8cm2

3bolt

	Greddy TD05-18G
	18G

50
	1.99"/50.5mm
	2.68/68mm
	a*
	?

@2PR
	TD05H
	1.93"/49mm
	2.20"/56mm
	TD05H

6,7,8cm2

3 bolt

	b* Greddy TD06-20G
	20G
60
	2.07"/52.6mm
	2.68"/68mm
	TD06
	685

max
	TD06S
	2.17"/55.1mm
	2.56"/65mm
	TD06S

8,10cm2

3 bolt

	HKS GT2530
	GT28RS

63
	1.90"/47.7mm
	2.37"/60mm
	T3

63
	477

max
	GT25
	1.85"/47mm
	2.12"/54mm
	T25 .64  A/R     T3

	HKS GT2540
	T04E

46
	2.1"/51.7mm
	3"/76mm
	To4E

46
	564

@2PR
	GT25
	1.85"/47mm
	2.12"/54mm
	.64 A/R

	b*HKS GT2835 d*
	GT35
52
	2.01"/51.2
	2.79"/71mm
	GT35
	608

max
	GT28
	2.01"/51.8mm
	2.23"/56.5mm
	T25

.61, .73

	c*HKS GT3037 d*
	GT37
52
	2.17"/55mm
	3.00"/76mm
	GT37
	709

max
	GT30
	2.16"/55mm
	2.36"/60mm
	T25

 

	Garrett GT3071R
	GT37
56
	2.08"/53mm
	3.00"/71mm
	GT37
	694

max
	GT30
	2"/50.8mm
	2.22"/56.5mm
	T25 flange

.86 A/R

	Garrett GT3076R
	GT30R
56
	2.24"/57mm
	3.00"76.2mm
	GT37
	752

max
	GT30
	2.16"/55mm
	2.36"/60mm
	T3flange

.82, 1.06 A/R

	*Turbonetics T3/To4B
	To4B
S
	1.90"/48.2mm
	2.75"/70mm
	To4B

S
	520

@2PR
	T3
	2.05"/52.1mm?
	2.35"/59.7mm?
	T3

	*Turbonetics T3/To4E 
	To4E 60
	2.29"/58.2mm
	2.95"/75mm
	To4E

60
	650

@2PR
	T3
	2.05"/52.1mm?
	2.35"/59.7mm?
	T3


Standard Compressor Flow Maps
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Experimental Procedure/what you should aim at: -
· Collect all the details of the engine mentioned above.

· Calculate the amount of air required for different boost pressures and engine speeds.

· Study the compressor chart given above.

· Calculate the operating points of the compressor for various engine speeds.

· Calculate the increase in power output of the engine.

[image: image8.wmf]What next (Things you can ponder over):-
1. Why did I do this whole experiment? 

2. What are the different manufacturing companies involved in making turbochargers?

3. Can I find the historical lineage of how turbochargers of the day came into being?
4. What are the different large and small turbocharger applications?

5. Does the use of turbochargers have environmental consequences? What are they?
[image: image9.wmf]Submission of Report:

· A single report per group.

· All are equally responsible for the preparation of the report.

· Should answer the question on your report.

· Each Report will be evaluated for 10 points.

[image: image10.wmf]References:- (Material to consult.)
1. www.tpub.com 
2. www.autozine.com 

3. www.turbobygarret.com 
4. www.enginelogics.com (for compressor maps)

5. Maximum Boost by Corky bell.
6. …

7. ..

