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ABSTRACT

The aimed of this project is to evaluate turbineésformance based on its actual condition.
Holset H3B nozzles turbine geometry was used aslaion model. Turbine’s actual
working condition was simulated by using finitewng discretiztion method. Initial analysis
was done by one-dimensional and two-dimensionalyaisa Further investigation was done
in three-dimensional with heat loss via turbineutelby the mode of convection. Parameters
studied are corrected mass flow, turbine’s efficierat different heat cases, temperature
distribution along turbine’s volute and differenge temperature between inner and outer
wall temperature. Temperature difference withinbtoe’s volute is the major factor that
deteriorates turbine’s efficiency. Since turbindhigthin, small temperature difference will
result to high heat loss.

Keywords : Holset turbochargers, heat transfer coefficienisbine, efficiency
1.0 INTRODUCTION

By the aid of turbocharger, engine can produce rposger at the same speed of Naturally
Aspirated (NA) engine. Technically speaking, tutterger forcing more air into combustion
chamber thus, this will increase and improve voluinefficiency [1].

The needs of turbocharger can be seen significantliieavy vehicle that travel up hills.
Travelling through hills area (high altitude) reeps engine than can overcome vehicle rolling
resistance and more importantly, gradient resistaf@aradient resistance tend to create
additional load based on hill gradient. This kinfl load will burden vehicle’s engine.
Furthermore pressure, air density and temperater@lecreased inversely proportional with
hill's altitude. With lack of air density presentirthg cruising along hill, it's quite difficult
for an engine to breathe. However, at this poing ocould see the importance of turbocharger
when it could give additional power by meant ofcfog air into combustion cylinder thus,
increasing air density. With the aid of turbochayg@wenthough a vehicle is used under lack
of air density condition, the engine still can lbanming effectively as compared to naturally
aspirated engine.

Heat is an energy that can be used which can beftrened in many ways. In
turbocharger, heat loss can deteriorate its pedoo®. Energy in turbine is calculated based
on the temperature of inlet and outlet of the tuebbut within that, there is heat loss
occurring at turbine volute that creates massidecton of turbine efficiency.
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Heat loss in turbocharger can be separated into dategories, namely internal and
external heat transfer [3]. Internal heat transfar be describe as heat loss through internal
part of components such through bearing, shafttaraigh compressor side while external
heat transfer is heat loss through turbine voltteat loss through turbine volute is more
significant due to large area that is exposed tbiamt. Heat loss by convection and radiation
are dominant around turbine volute and heat lossomgluction is minimal. The heat loss via
three medium of heat transfer (convection, radmtind conduction) is illustrated in Figure 1.

Turbocharger is designed in such a way that it cape with heat transfer but, the
capability is only approximately 30% (internal heednsfer) of the total heat loss [3].
Approximately one third of the total heat lossakdn care by lubrication oil, which is located
between turbine and compressor. Eventhough intbewet transfer is absorbed by lubrication
oil, but there is still heat loss that reach thenpoessor. Heat from turbine that flows by the
mean of conduction will deteriorate compressorcedficy [4] and [5]. The remaining 70% of
heat loss is lost through surroundings/ambient at loss through surroundings by heat
convection through turbine volute is dominant ah@ré is no device or system that
compensates this heat loss.

Environment

TConvection +
radiation

Bearing conduction .
housing > . Mani-
conduction fold
conduction
Exhaust pipe

Figure 1 : Heat losses around turbine volute [3]

Reduction of pressure and temperature along tugow@ute are converted as an output
of turbine’s power. However, analysis made by taHawger manufacturers only take into
account pressure and temperature drop along tusmiluite without take into consideration
external heat loss via turbine volute for turbinergergy properties (power and efficiency). It
is quite difficult to justify actual heat loss sedhere are many parameters effecting
turbochargers performance on actual condition. &didtion of turbine power possibly
exists between data from turbine maps given byotlthrger manufacturer and data from
actual turbine operation on engine.

2.0 TURBOCHARGER TURBNINE MAP

Predicted output of turbine is given based on helap. Turbine maps contains output of
turbine based on throttle opening, mass flow ratéthe value of parameters are depends on
the turbocharger manufacturer geometry. The pedan® characteristics of turbine or
turbine map typically are displayed in term of @ffincy and mass flow rate with varying
pressure ratio on a steady flow rig [8]. The grépmdt illustrated in the turbine map is made
based on adiabatic conditions as portrayed in Ei@uiThus the results will slightly deviate
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from real time situation because there is no heatsfer effect is taken into account
(adiabatic condition).

Turbine map gives the information about the pressinop in turbine and turbine’s
efficiency. Pressure drop along turbine volutedmely as pressure ratio (PR) in the turbine
map and this parameter is strongly related to rflassof air (exhaust gas) that flow into
turbine. At higher PR, more air flows into turbiaed this shows turbine possesses more
power at higher PR due to high influx of exhauss.gslass flow inside turbine volute
depends on cross section area of volute. The antates section, the higher the mass flow
will be thus, resulting to a higher boots pressairbigher PR.

Parameter such as corrected mass flow is used picatyturbine characteristics to
demonstrate the strong relationship with PR furttee it is a dimensionless parameter to
calculate swallowing capacity of turbine [9]. Chamaistics or parameters should be
independent from any variable, thus corrected mie® is introduced in turbine
characteristics in order to avoid dependency obitier map on temperature and pressure
upstream of turbine [9]. The equation of correatexss flow is depicted in Equation 2 below:

P

PR=_n_
Pout (1)
T
m
. Tref
Mcorr = Pin
R

ef (2)

Equation 2 shows corrected mass flow for typicabdgharger characteristics which
refers to actual turbine’s mass flow rate, whilg;d@hd Ry are ambient temperature and
pressure which have value of 298K and 101.3kPaeotisely. Usually, turbine maps come
along efficiency maps that plotted turbine’s efficty based on certain engine revolution per-
minute (RPM) and certain PR. Typical turbine’s @#cy is calculated based on ratio of
isentropic works that assuming reversible procefisowt friction and heat interaction within
the control volume with actual works calculated dsh®n the difference of temperature
between turbine inlet and outlet temperature. Tépgatons involve during calculation of
turbine’s efficiency are given as follows:

Wact = me (Tm _Tout) (3)
k-1
Tout - [ Poutj K
T \FR
k-1
k
Tout = T|n Poutj
I:)in (4)



Jurnal Mekanikal, December 2012

W,

act
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Substituting Equation (3) into Equation (4) gives:

|sen = mcpTln (1 { :|>)

By definition of efficiency:

(6)

,7turbine = W

,7 turbine = -1

Tubine= " F = 7 ka1
T, (- {l})k
(7

Thus, the final equation for turbine efficiencygisen by Equation 7. From the derivation
above, there is no heat interaction taken into @aicdlrhe calculation is based on adiabatic
manner thus, actual turbine’'s performance devidtesn actual condition. Turbine's
efficiency is plotted over certain range of PR, ilisstrated in Figure 3(typical turbine
efficiency map).
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Figure 3 : Turbine map with mass flow parameter tanbine efficeincy [10]

3.0 TURBINE NON-ADIABATIC ANALYSIS

As discussed earlier, predicted power or work gigrurbine map is based on turbocharger
manufacturer and adiabatic analysis, which devititgs real turbocharger operation. Heat
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transfer effect that excludes in the analysis hadlerthe predicted result far beyond actual
data set.

Experimental and simulation work carried by F. We$P004) to determine heat loss
within turbocharger turbine shows that simulatethine exit temperature deviates far beyond
experimental analysis as illustrated in Figure dsé&l on the figure, the deviation is around
50K. This analysis shows that there is a need testigate the heat loss phenomenon and

incorporate its effect to the current turbine mapbtain the true value of power output or
efficiency of turbocharger turbine.
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Figure 4 ;. Measured and simulated turbine inledbtdmperature [2]

4.0 SIMULATION ON TURBINE SIDE

Simulation was carried out to evaluate and mime ribal condition with the aid of several
assumptions to ease the simulation. Assumption®eraeelbased on capability of computing
and degree of accuracy of the answer.ComputatiBhedls Dynamics (CFD) solve partial
differential equation (PDE) and ordinary differehtequation (ODE) that represent the nature
of flow physics. Physics of flow are illustratedthre form of equation, which are in terms of
conservation of mass which is Equation 8, consemaif momentum which is Equation 9
and conservation of energy which is Equation10.

9P,

0 0 _
ot X(pvx) (,va)+a(,0vz)—0

(8)
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All the three equations stated above are the tgiation that involved in CFD analysis.
Additional terms are included such as turbulensigation, if turbulent mode is taken into
account in the simulation. Turbulence takes placttow with high Reynolds number which
above 4000 [11]. Solving turbulence problems is entian difficult. However, with
appropriate assumptions made in turbulent modédutence phenomenon can be simulated.
Turbulence appears to be dominant over all flownpheena and with successful modeling
technique of turbulence, numerical quality of tawdation will significantly seen [12].

Simulation of turbocharger turbine is done at tlebtimode, due to the high flow of
exhaust gases into turbine’s volute [13] and [Bpropriate turbulent model selection is
deemed necessary since the working geometry is loczatgal and ke model is chosen for
simulation due to its traditional choice of theambtive industry [13].

5.0 MODEL SIMPLIFICATION

To simplify the problems, several assumptions aaglenregarding volute modelling. Area
inside volute is assumed as converging nozzle.nbzele area will mimic the area of actual
turbine from inlet through its outlet. Outlet are& turbine is the area around inner
circumference of turbine volute or the region atximam radius of turbine's rotor as
illustrated in Figure 5 (a) while Figure 5 (b) stosimplified model of turbine volute.

In actual turbine volute, flow inside is dischatgalong inner circumference from
initial start of turbine inlet. However, in turbineolute simplification model, the flow
discharged at the end exit of converging nozzlembdéie the simplification model to be more
realistic, the exit area of nozzle is made to héwedence to outlet area of turbine.

(a) b)
Figure 5: (a) Actual turbine area, (b) Simplifieddel of turbine volute (Converging nozzle)

6.0 ONE-DIMENSIONAL MODEL

From the simplified model of turbine volute, by eaering wall of converging nozzle,
temperature of inner wall and outer wall can becwdated. Furthermore the difference
between inner and outer wall also can be justified compared with experimental works by
[3].

The boundary conditions for the model are, coneactdr both inner and outer wall, with
convection of exhaust gas flow at inner wall andvemtion of ambient air at outer wall as
illustrated in Figure 6. The governing equatiores given as follow:

KA
Qext = hextA(Text _Tinlet) = (Tinlet _Touter) = hambA(Touter _Too)
AX (11)
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kA
hextA(Text - Tinlet) = & (T

inlet

T

outer)

(12)

kA
N (Tinlet - Touter) = hambA(Touter _Toa)
AX (13)

With two equations, which are Equation 11 and 12aaning two unknowns, which are
temperature of inner wall (;k;) and temperature of outer wall(E) it can be solved. By
forming 2 by 2 matrix in MATLAB, and difference lveten T, and Tuerare calculated. In
this analysis, assuming heat convection coeffidigpth,) which is heat transfer coefficient
for exhaust flow and J, (h2) which is heat transfer coefficient for ambienhdition which
are 250 W/rfiK and 25 W/mK (Typical value of convection heat transfer ccséfint for free
convection of gasses and forced convection of gassespectively. While thermal
conductivity of turbine volute is equal to 45 W/m K

D @ 3
h, b h,

T exhaust outer T ambient

(D Convection by exhaust gas
2 Conduction through

turbine volute wa
(3 Convection through ambient

Figure 6: Boundary condition at volute wall for laDalysis

The results from the analysis are compared witteewpgental works by [3]. From the
analysis, temperature difference between innercaner wall is increased when turbine inlet
temperature is increased as portrayed in FiguM/atk by [3] shows that the temperature
difference is within the range of 1-7 K, while imig one—dimensional analysis, the
temperature difference is 1.25-1.33 K as depictgure 8.
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Figure 8: Temperature difference from one-dimeraiamalysis

7.0 TWO-DIMESIONAL MODEL

Given the converging nozzle model as simplificatimodel, this model can be further
extended for two-dimensional analysis with sevassumptions. The nozzle circumference is
‘open’ thus, it can be assumed as 2-D flat platéhWirichlet and Neumann (at side and
up/below surface respectively) boundary conditidhs,temperature variation within the flat
plate (Nozzle) can be determined. Due to thickioéslse nozzle is thin, it can be assume that,
turbine inlet temperature and turbine outlet terappee that obtained from experimental
value, to be the temperature (Dirichlet B.C) foe tiat surface at right and left side
respectively as illustrated in Figure 9.

With two-dimensional analysis, temperature contfuvolute plate (by thickness) can be
seen. From the analysis, turbine inlet temperaisirg175C, turbine outlet temperature is
1027.5C and flow temperature (exhaust gas temperaturégkisn by taking the average
value of turbine inlet and turbine outlet temperatuwhich is 110C. The contour of
temperature is illustrated in Figure 10, note tihat temperature is ifC (degree Celsius).
From the analysis, difference of temperature betwieeer and outer wall can be calculated.
Figure 11 shows temperature difference betweerr iang outer wall and from the figure it
can be seen that the difference is ranging fronfCL-&hich still within the range of
experimental data from [3].

&
T ambient
T.
inlet T outtet
hy
@ T extiaust

(D Convection by exhaust gas

2 Conduction through
turbine volute wa

3 Convection through ambient

Figure 9: Boundary condition for two-dimensionahbysis
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Figure 10 : Temperature contour from 2-D analysis
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Figure 11: Temperature difference between innercarter of turbine volute wall
8.0 THREE DIMENSIONAL ANALYSIS

Actual flow physics can be model more accuratelglinsince the working fluid can flow in
X, ¥ and z direction in Cartesian grid.Turbine’dute model is drawn based on the given
geometry for Holset H3B turbocharger.Based on thedsion given, turbine volute is drawn
using SOLIDWORKS. Minor modification has been maide suit meshing criteria in
GAMBIT. The model creates using SOLIDWORKS slightlgviates from actual model,
which the deviation shows in Figure 12. Model drawnSOLIDWORKS and meshed in
GAMBIT is illustrated in Figure 13 (a) and (b) resgively.
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Figure 12 : Model deviation
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(b)

Figure 13: (a) Turbine volute model in SOLIDWORKB) Meshed model of turbine volute
in GAMBIT

9.0 GRID INDEPENDENT STUDY AND BOUNDARY CONDITIONS

Corrected mass flow parameters and Reynolds nuarkecalculated and plotted over range
of number of nodes from sixty two thousands nodesmd> hundred and thirty thousands
nodes as illustrated in Figure 14 and 15. Fromathalysis, 199’517 nodes are chosen for
further simulation analysis, which is based froma gndependent study.

By referring to Figure 14 and 15, the parameteabikite at two different regions of nodes.
Selecting higher region of node, and taking theagye of the higher region, is the number of
node that is selected for further analysis. Utiligimore nodes will cause longer computation
time due to computer needs to resolve more griitise Tor completing computation, depends
on computing power.

Corrected Mass Flow VS Number of Node
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Figure 14: Grid independent study of corrected nflags
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Figure 15: Grid independent study of Reynolds numbe
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Since the value of pressure inlet and outlet dfite’'s volute in known from pressure

ratio, pressure inlet and pressure outlet boundangition are used at inlet area and
outlet area respectively for simulation in FLUENBoth boundaries carried inlet and
outlet temperature and pressure value with thaijpeetive pressure ratio. Boundary
condition for inlet and outlet temperature is obéal by experimental data from [2]

for analysis of corrected mass flow. For efficieranalysis, experimental data from
[11] is utilized. To investigate the heat loss gaxternal turbine’s volute surface,

convection boundary condition is applied throughdbe external surface as

illustrated in Figure 16. During the simulation, nkimg fluid (gas) is assumed to be
perfect gas (ideal gas), turbulent and in steaahg stondition [14].

Convection through
ambient

ressure Outle

Pressure Inlet

Figure 16: Types of boundary condition for simudati
10.0 CORRECTED MASS FLOW ANALYSIS

Corrected mass flow is one of turbine parameteas ttéflect turbine performance. It is a
parameter that calculates the capability of turbmewallowing exhaust gas [9]. Different
turbine geometry will have different limit of swalling capacity thus, corrected mass flow
parameter will gives the limit of exhaust gas saaihg capability. By keeping fixed value
of Ti, which is 1175K data from [2] and by varying Pased on pressure ratio range (1.1 to
2.0), corrected mass flow is plotted against PRa@trayed in Figure 17. Actual mass flow
rate at certain pressure ratio are obtained by MlUEnalysis, is used for calculating
corrected mass flow. Non-dimensional corrected rflagsrate is introduced for comparing
the trend of the result with other established datportrayed in Figure 18.

Model Corrected Mass Flow Rate
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Figure 17: Simulation of corrected mass flow rate
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Non-Dimensional Corrected Mass Flow VS Pressure Ratio
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Figure 18: Comparison of non-dimensional correateds flow rate
11.0 EFFICIENCY ANALYSIS

For thermal analysis, different experimental da¢a is used. To obtain realistic

simulation for thermal analysis and furthermorelviié translated in efficiency

analysis, data of turbine inlet temperature andebi¢mperature at certain pressure
ratio is essential. J. R. Serrano, (2007) giveshbst data that can feed into the
simulation. Table 1 shows the extracted data froBj. [

Table 1: Data extracted from [15]

Pressure Rat Inlet Temperatur: Outlet Temperatur AT
(K) (K)
1.€ 84t 75¢ 87
2.C 85C 751 99
2.1 851 742 10¢
2.2 85E 73¢ 117
2.2 85C 734 11€
2.5 84¢ 73C 11¢
2.7 84¢ 72¢ 121

Turbine’s actual work and isentropic work wastfiemalyzed before translating it
into turbine’s efficiency. Figure 19 shows the €itfince between actual work and isentropic
work. Turbine’s efficiency is ratio of turbine’staal power over isentropic power, which is,
depicts in Figure 20. Equation (3) is used to dateuturbine’s actual power while Equation
(6) is used to calculate turbine’s isentropic povigath powers are calculated based on data
from Tablel and mass flow value which are obtaiinech the simulation.

74



Jurnal Mekanikal, December 2012

Actual Power VS Isentropic Power
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Figure 19: Deviation of turbine actual power wisemtropic power
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Figure 20: Turbine’s adiabatic efficiency

The calculated efficiency is compared with estdibtiata in order to verify the results of
simulation. However, established data have differaaiue of efficiency. This is due to
different turbine’'s geometry that is tested andedént test condition used in evaluating
turbine’s efficiency. Figure 21 shows efficiencgrn simulation and efficiency from several
established data at certain range of pressure tatiorder to investigate similarity between
simulation works with established data, non-dimemai efficiency and non-dimensional PR
are used as portrayed in Figure 22. Different distedd data has different set of pressure
ratio. They tested turbine at different range afsgure ratio, however with the aid of non-
dimensional efficiency and non-dimensional pressati®, some degree of similarity can be
found.
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Efficiency VS PR
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Figure 21: Comparison of adiabatic efficiency

Dimensionless Efficiency VS Dimensionless PR
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Figure 22: Non-dimensional efficiency versus nomelnsional pressure ratio
12.0 EFFICIENCY ANALYSIS WITH HEAT LOSS

Turbine is simulated with heat loss to mimic thal rease condition. Heat transfer through
convection to ambient is dominant in turbine heas! Since there are no concrete value or
serious analysis carried out in determining appabheat transfer coefficient for calculating
heat loss through ambient, the heat transfer @ieffi will be choose based on range given
by [16]. In this analysis, 3 different values ofahdransfer coefficients are chosen for
simulation and to observe the effect towards t@hkirfficiency.Table 2 shows case number
with their respective value of heat transfer cao#dfit. The black surface in Figure 23
demonstrates the actual gird of the turbine voltée the red-orange contour represents the
temperature value.

Table 2 : Case number with value of heat transfefficient

Case 250 W/n? K
Case 2500 W/n* K
Case . 105.486 W/r* K
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Figure 23:Temperature vector with actual grid (Gmidhlack colour)

13.0 ANALYSIS OF TEMPERATURE DISTRIBUTION AT OUTER WALL

Temperature at turbine’s outer wall is simulatedeshon Case 1 and Case 2. Maximum
temperature obtained from Case 1 and Case 2 afC 7td 458C respectively and the
comparisons of the temperature distribution betwmen cases are illustrated in Table 3.It
can bee seen that the higher the value of heaféracoefficient, the lower will be the volute
wall temperature. This is due to high forced cotieecthat flows around turbine volute if the
coefficient is higher and resulted to more heanleeried away.

The higher the value of pressure ratio, the high@r be the value of temperature
distributions. At higher pressure ratio, influx a@f to turbine’s volute is high, thus will lead
to high heat convection from the inside turbinelsface to turbine wall. More heat is
absorbed by turbine’s wall at high pressure rathis is the reason why turbine volute is hot
at high pressure ratio as compared to lower pregstio.

Table 3: Comparison of temperature distributiomglouter wall

Case Case .

Temperature distribution at outer wall of turhine

Temperare  Lemperature distribution at outer Temperature volute

q
. C
°c wall of turbine volute 163
713 1 460
1 155

0 1350 \/\

693 5 =—PR=27
——PR=23 445

590 PR=13

683 —PR=10 440 —PR=10

i PR=27 435 —PR=13

673 .

670 430

663 425

420

0 50 100 150 200 250 300 N ! ! ! : !
. 0 50 100 130 200 230 300
Azimuth Angle Azimuth Angle

14.0 ANALYSIS OF TEMPERATURE DISTRIBUTION AT TURBINE
CENTERLINE

Turbine’s centerline temperature is simulated basedCase 1 and Case 2. Moving away

from @ of Azimuth angle, the temperature drop is steejugr to loss of heat. Temperature
drop represents energy is taken out from the cbmtiome (converting heat to power) or
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energy is lost. Table 4 shows comparison of tempezalrop along volute centerline at range
azimuth angle (0- 300).

The temperature drop for both cases is almost aimiowever, the final value of
temperature drop (at Azimuth angle of 308 different. The final temperature value for €as
2 is slightly less than Case 1. This is due to niwrat is rejected to ambient due to high
forced convection (high heat transfer coefficient).

Table 4: Comparison of turbine’s centerline tempem

Case Case
Temperatuze Temperature distribution at volute Temperature distribution at volute
o centerline Temperature centerline
855 °C
330 l S?D ]
P :ig —
840 e 0
833 PRt 820 wPR=).7
830 . 810 —PR=110
85 800 PR=13
820 zg
i ‘ : ‘ ! ‘ ‘ m . . ‘ ‘ . .
! 3 100 130 m 10 30 0 50 100 150 200 250 300
Azimuth Angle Azimuth Angle

15.0 ANALYSIS OF TEMPERATURE DIFFERENCE BETWEEN INNER AN D
OUTER TURBINE’S WALL

Difference of temperature is calculated by subingctnner wall temperature with
outer wall temperature. The difference of tempeegafar Case 2 is higher than Case
1, which is within the range of 10 —°@twhile for Case 1, 4 -°6. Table 5 shows
the comparison of difference between inner andrdutbine’s wall temperature.

Table 5: Comparison of temperature difference betwaner and outer turbine’s volute wall

Case Case
Temperature difference between inner wall and outer
Temperature difference between Temperature vwall of turbine volute
inner wall and outer wall of turbine e
volute s

Temperature
C

133

w30 degree

=300 degree =0 degree

. =) degree 13 60 degree
44 60 degree 1
42 10.5

18 2 22 24 16 28 18

12 24 26 18

.

Pressure Ratio Pressure Ratio
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From the analysis taken for case heat transfeficimeits equal to 250 W/AK (Case 1),

it can be can seen that increasing pressure kaiflancrease the temperature of outer wall.
When turbine volute sustains high temperature gh hpressure ratio, while ambient
temperature remains the same, this will createls pigdient of temperature region thus the
rate of heat transfer will increase and reduceitetb efficiency. This is the reason why
turbine efficiency is lower at high pressure rafldne temperature difference is compared
with experimental works by [3]. The experimentalriwshows difference of temperature
between inner and outer wall is increased if therexternal forced convection flow around
turbine volute, which is illustrated in Figure 2e higher the mass flow rate, the higher will
be the temperature difference and external veiatilafforced convection) is another factor
that caused significant increase in temperatufereifice.

Temperature ) .
dJ'.gferenc - Difference in volute wall temperature at

oC diffrent mass flow rate

-_Tl -

4 - /

31 ———TIT=360 degree C,
No ventilation

2 4 e TIT=360 degree C,
03ms-1 ventilation

1' T T T T

0 0.1 0.2 0.3 04

Mass flow rate (kg s™)

Figure 24 : Difference of temperature between iramet outer turbine's volute wall [3]

Based on Table 5, the lower Azimuth angle the higtitk be the temperature difference. At
lower Azimuth angle, flow of gas inside turbine'slute posses high temperature due to less
heat loss and less energy taken out from the f&ince the flow having high temperature at
early stage of Azimuth angle while the ambient terafure is still the same, this will creates
high temperature gradient. Good agreement was ftaséd on the results which is main
heat loss occur before exhaust gas strike turbbilate or upstream of turbine rotor [15].

16.0 ANALYSIS OF TURBINE'S EFFICIENCY

Adiabatic efficiency is the highest efficiency diweno heat loss or heat interaction takes into
account during its calculation and it served ascherark for turbine characteristics, which
included in manufacturer turbine’s map. However éfficiency is differ based on tested
condition. Turbine operates at hostile environmesich is to be its actual operating
condition, thus adiabatic efficiency will gives amfmation with certain degree of error.The
actual powers are analyzed with heat loss effesedan Case 1, 2 and 3. Different cases
have different value of efficiency. Figure 25 comgsathe efficiency for different cases.
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Figure 25: Comparison of efficiency for differemtses

The higher the value of heat convection coeffigiéme lower will be the efficiency. This
is due to, the coefficient that represent how gjrasthe forced convection occur along
turbine volute. Stronger forced convection, wilusad high temperature gradient and since
the volute thickness is thin, high temperature igratdwill cause more heat loss furthermore
deteriorate turbine’'s efficiency. Higher heat castien coefficient will caused high
temperature gradient at turbine wall furthermork eduse heat loss and deteriorate turbine’s
efficiency.

17.0 CONCLUSIONS

Heat transfer that occurs in actual turbine’s oji@nais something that cannot be neglected
since it gives significant effect towards turbinesdficiency. Turbine maps given by
turbocharger manufacturer are made by runninguttharger in laboratory condition or in
turbocharger test benches [8]. Without considenatibpulsating flow and heat loses during
mapping of turbine map, its actual condition cartvepredict correctly [17].

External heat transfer or heat loss through turbiokeite via convection and radiation
accounts 70% of the total heat loss is agreed bgrakauthors. Simulation from Case 2
predicts the heat loss approximately 68.7% on a@eerét was a good result. However to
come out with such value of coefficient it is qugeneric assumption. Convection heat
transfer coefficient for forced air ranging from 25250 W/ni K, while convection heat
transfer coefficient for forced liquid, the valueabove 2000 W/AK. Thus, the coefficient
for Case 2 only valid for forced liquid. Howevemce radiation also plays significant role in
turbine external heat loss, by assuming Case 2ficieet is a lumped value for both
convection and radiation, the model still can bedu® evaluate the condition of 70% of total
heat loss, is the heat loss through turbine’s eolluiat was mentioned by several authors. The
model made for Case 2 is for further investigattonhow heat transfer coefficient affecting
turbine’s efficiency.

The key attribute that affecting turbine’s effioignis temperature difference between
inner wall and outer turbine’s wall. Since turbitiickness is only few millimeters (in the
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model is 5mm), small value of temperature diffeeemeould tend to deteriorate turbine’s
efficiency.
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