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STUDY AND MODELING OF TURBOCHARGERS

ABSTRACT

This thesisis an introduction tothe turbochargerDuring the presentatiorihe
basic componentsf which the turbochargeconsists ofiredescribed with an attempt of
categorizing them baseon their characteristic-urthermore there has been given
emphasisin the constructionof large turbocharger used in marine turbocharging
applicationsandthemethodghat have been developtoptimizetheir performance.

The scope of thighesisis to modelthe turbochargethroughits conjugationwith
a marineengine.For this reasona computationatodewas createdfor describingthe
behaviorof the turbochargeandengineoperationat design point jominal loadl andat
off design point A computationalcode is also developedfor predicting a radial
compressomap by dimensionalnalysis,usingthe methodf calculating thelow field
in the mean lineand modeling the flow lossesthroughthe compressomusing semk
empiricalrelations
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-------- Fixed geometry turbine, small area
=+ =+ Fixed geometry turbine, medium area
— — — Fixed geometry turbine, large area
Ideal variable geometry turbine
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M: Specified MCR of engine
S: Continuous service rating of engine
O: Optimising point of engine

A: Reference point of load diagram

Power
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L.

Propulsion and
engine service curve
for heavy running

Engine speed

Point A of load diagram

Line 1: Propeller curve through optimising point (O)
Line 7: Constant power line through specified MCR (M)
Point A: Intersection between lines 1 and 7
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. ) TCA 33 | TCA44 | TCAB5 | TCA66 | TCA77 | TCA88 | TCA99
Weights of Assemblies i ) : : i . -
in kg in kg in kg in kg in kg in kg in kg
Emergency and post-lubrication system 75 140 200 285
Casing feet, high 282 340 733 740
low 235 — 548
Silencer 427 800 1770 2010
Bearing casing 516 910 1 500 2 500
Intake casing 161 237 408 629
Insert 142 198 250 400
Compressor casing, single socket 546 830 1400 2250
double socket — — 1450 2500
Compressor wheel 39 66 116 200
Gas-admission casing, 0° 201 270 430 670
90° 245 380 690 1000
Gas outlet casing 716 1200 2100 3300
Rotor gear 136 200 370 601
Gas outlet diffuser 129 232 400 655
Exhaust gas turbocharger, complete 1140 1970 3370 5500 9250 15500 | 20450
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Y Co Ci Co M

1 Supply pipe (enging) 10 Drain pipe

2.1 Pressure reduction valve (four-stroke enging)’ 11 Service tank or crankcase

2.2 Orifice (two-stroke engine) 12 Venting pipe ~

3 Turbocharger supply pips 13 Non-return valve with bypass

4 Non-return valve 14 Bore

5 Pressure monitor 15 Supply/drain pipe

6  Manometer 16  Orifice

7 Bearing casing 17 Qverflow pipe

8  Thrust bearing 18 Emergency and post-lubrication system (optional)
9  Bearing bush

Fce84B3Fi tUde U &a) Faz&gd



| 3Y¥aeol Ue Ualted Ux3 UGU & e341 3

itedd GqglUekibbeddied o2Ure@BGmnaUd GU;ebaaasg

O g U} ee) vld 3UDdd dhiic odagPepdsy AHia
U0Uj; Yeye3dd aUsUsgyoalUd ¢ edjllldogUed) dqlse U
Ujeb@Eaeg U) 3.4 "Ugllhe UUs " 85 UaUUs e00UbG ok
UgtdUUja¥ys “eg Usyjeea3lUUs U Ue aUjfhbses,
Ujebaasg. JgUf U sUgoecy¥sUOUUs "~ e0U}jehesasU

U0GYsdd Useg GUyebasacg, Us¥YeegoU U Usd U Us

L Co

Co Co

510.021
510.020

570.001 Guide ring, outer ~ 510.021 QGuide ring, inner E Exhaust gas
510.010 Turbine guide vane 510.030 Sealing cover S Inflation air
510.020 Retaining ring
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Turbocharger efficiency B&W def.

e
67 —| -—T
7 = VT A Open
66 —|
* VTA Closing
65 —1 * Specification without VTA
61 B Efficiency requirement

o
@

' [ ' [ ' [ [ ' \ ' [
50 60 70 80 90 100
Engine load in % MCR
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Engineloadin % MCR
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MCR  Maximum Continuous Rating
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Increasing
polarization

Cell voltage

Cell current
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Air : l |
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ANN/ Hydrogen
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Ct Ce

2 lfuel
Intercooler Y
44 Electrical
£~/ power
Fuel cell /" output
3 lWater

? Turbine \
Exhaust 4
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Pressure ratio

Mass flow rate mVT/p
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Mass flow rate mVT/p
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100%

Volumetric efficiency
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AGARD two-stage turbine ref AGARD LS 83, Page 3-19 (1976)

with lines of constant blade-jet speed velocity ratio
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85% \ 75% \ 50% 85% 75% 50%
¥ 0,925 - - -
N 096 | 097 | 098 - - -
N 0,40 - - -
v, 0,180 - - -
n 0965 | 0975 | 1 - i i
Ny 0,165 - - -
Pam  (bar) - - - 1,019 1,018 1,019
T1(K) - - - 309,15 309,15 308,15
Tw (K) - - - 308,15 308,15 308,15
N tirer (bar) - - - 0,002453| 0,001962 | 0,000981
N e (bar) - - - 0,010791 | 0,010595| 0,005886
N Back p(bar) - - - 0,013244 | 0,008829 | 0,002943
N (rpm) - - - 125,2 119,9 104,8
D (m) - - - 0,48 0,48 0,48
s (m) - - - 2,00 2,00 2,00
z - - - 6 6 6
Vi (md) - - - 2,171469 | 2,171469 | 2,171469
P KW) - - - 7.421 6547,5 4365
H,  (kJkg) - - - 42.700 42.700 42.700
s.f.c (kgkwh) - - - 0,16722 | 0,1659 | 0,17336
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Nrc(rpm) 11808 11317,55| 9160,949| 11600 | 10900 | 8700
> (°C) 165,7387 | 153,5971| 113,0651| 166 148 100
[5(C) 44,80541 | 43,89479| 40,85480| 44 42 38
,I4(OC) 407,9697 396,765 | 408,7563| 409 398 394
0[5(OC) 270,7094 273,5491| 327,8762| 267 273 309
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