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Abstract

Basic methods to increase power output of internal combustion
reciprocating engine is increasing of engine revolutions and engine
displacement. But they have limitations because of reduction of volumetric
efficiency, increase of mechanical losses, noise, vibration, size and weight of
engine.

For this reason, most of engines have been coupled with a turbo charging
system in order to increase engine power. Turbocharging can be defined as
the introduction of air into an engine cylinder at a density greater than
atmosphere. This allows a corresponding increase in the fuel that can be
burned hence raises the available power output.

The engine is designed for variable speed and the operation will usually
exhibit some deterioration in performance both at extreme low and high
speed. However, the useful speed range can be wide, since engine is well
suited to cater for a wide range of mass flow rate.

The performance of turbocharger is directly dependent upon the gas angle
at entry of the impeller, diffuser of compressor and turbine rotor. The blade
angles are set to match these gas angle, but a correct match will only be
obtained when the mass flow rate is correct for a specified rotor speed.
Therefore turbocharger is not well suited for operation over a wide flow
range.

Turbocharger is not ideally suited to operate in conjunction with a engine.



So the combination of diesel engine and turbocharger must be planned with
care.

The objective of turbocharger matching is to fit a turbocharger with the
most suitable characteristics of an engine in order to obtain the best overall
performance. Matching of the correct turbocharger to a diesel engine is very
important and is vital for successful operation of a turbocharged diesel
engine. It will principally be governed by required performance with engine.

Simulation program used for the optimum calculation of turbocharger
matching is very effective method to estimate turbocharged diesel engine
performance.

In this paper the author has studied a calculation of turbocharger matching
for 4 stroke automotive diesel engine and marine diesel engine through
development of simulation program by using performance characteristics of
turbocharger, and has estimated effects of efficiency, size of turbine and
fuelling on the engine and turbocharger.

It was assured that simulation results agreeed well with experimental
results of thermodynamic states at turbocharger and intake, exhaust manifold,
and yield correct tendencies of estimation according to efficiency, size of

turbine and fuelling.
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Nomenclature

. Air / Fuel Ratio
Brake specific fuel consumption
. Specific Heat at constant pressure
. Specific Heat at constant volume
: Lower calorific value
: Revolutions Per Minute
: Mass Flow Rate
. Pressure
: Pressure Loss
: Brake mean effective pressure
: Brake Power
: Quantity
: Gas constant
. Temperature, Torque
: Volume

: Work done

Ce/ Cy
. Intercooler Effectiveness

. Efficiency
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[o/PS h]

kIkg K]
kIkg K]

[kcal/kg]

[ko/s]
[mmHQ]
[mmHg]
kg/ cm?]
[PS]

[kl
[kJkg K]
[K, kg m]
[m’]

[kJ]



AC :

ATM :

1C

2C

4T

ST

CA

CEX

ex

: Dynamic Viscosity [kg/m 9]
: Density [kg/ m®]
: Compressor Pressure Ratio

: Turbine Expansion Ratio

Subscripts

T AIr

Air Cleaner

Atmosphere

: Compressor Inlet

Compressor Outlet

. Intake Manifold
: Turbine Inlet
: Turbine Outlet
: Compressor
. Corrected Air
: Corrected Exhaust Gas
: Exhaust Gas
: Fuel
. Intercooler
: Muffler

: Turbine
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Fig. 2-1 Schematic diagram of a turbocharged four- stroke
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(Waste gate valve)
, Fig. 2-1 ,
Table 4-1 4-2

T able 4.1 Specifications of Four-stroke Automotive Engine

Iltem Specification
Engine Type 4 cycle Turbo. Diesel Engine
Maximum Power 117.2 PS / 4000 RPM
Maximum T orque 286 kg m / 2000 RPM
Bore x Stroke 91 mm x 96 mm
Compression Ratio 195
Displacement 2497 cc
Firing Order 1-3-4-2
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Table 4.2 Specifications of Turbocharger

Iltem Specification
T/C maker ASKL
T/C model GT 15
A/R Ratio 043
Trim Ratio 55
Housing Hi+Si+Mo
A/R Ratio 0.47
Trim Ratio 72
Cooling Type
Limit Speed (RPM) 190,000
Limit Temp. ( ) 760

4.1.2
[Calculation Data(W/G Valve)]
(Measurement Data) ,
(Waste gate valve) [Calculation Data(No W/G Valve)]
, (Waste gate valve)

28 ,

Fig. 4-1, 4-2

Fig. 4-3

- 30 -



Fressure Ratio

m— Kaagurement Data
& Calculaton Data (WG Valkve)
#  Calculateon Data (Ho WIS Yalve)

Z8
76
*
-
2.4
274 -
-
]
- U
e . = e i
20 =
-
1.8
1.6 =
Y T T T T T
a.04 008 0,08 a0 012 g9.14 LR

Corrected Air Flow (kgfs)

Fig. 4-1 Comparison of Compressor Pressure Ratio

Compressor Efficiency

m— Measurament Data
Caleutation Data WIS Wabee )
& Calculation Data [Me WS Vawe)

0.&81 o
078

0.rs

D070 —
0.656 o

D&as <

|
* L

T
0.4

T
0.08

0.08 0.1 g1z o4 0.1
Corrected Air Flow (kgls)

Fig. 4-2 Comparison of Compressor Efficiency




3.0p

z.8F

Z6F

Zar

Ia
[

Pressure Ratio

—— Measurement Dats
—0— Calculation Data (WIS Walve)
—te— Calculation Data (Mo WYWIG Valve)

0000

190000

170000

a

DOz 004 006 008 01 0iZ
Corrected Air Flow (kg/s)

014

016 0148

Fig. 4-3 Comparison of Engine Operating Line

, Fig. 4-3

Fig. 4-4
4-5

(Waste gate valve)

- 32 -

(Waste gate valve)

’

, Fig.



60 :
Fig. 4-6 4-7
, Fig. 4-4

(Waste gate valve)

Fig. 4-5

B — Measurement Dala
Calzulation Data (WG Valwe)
A Calzylation Date (Mo VWG Valve)

g
e
2 E Ei
5 E_-I“":l"_
g i
= 1200
% g & 4
B S 000+
o B ' - '] B - o] —a
E ﬁ H00 - .
o2 | @ L
o S = =
&£ o180
- Ef.. . u
O 140 u [
O o ]
ﬁ L 1304 I i - . . ]
= - -1
i E 100 - R u
S = M- B
55
s & T d T g T T T v T
k= 1500 2000 2600 3000 3500 4000

Revolutions Per Minute

Fig. 4-4 Comparison of a state at Compressor Outlet



Intake Manifold Pressure

Fuel energy Proportion  Turbine Inlet

Fig. 4-6 Comparison of Turbine Inlet T emperature

— Measurement Data

L}]

-
@ Cptoulation Data (&G Vahe)
& Calculation Data (Mo WS Yalvs)
1300
1200 i
= 1100 -
h " e
I 1080 o
E 200 -
a Bob-
gJ T ¢ o
o = I
m v " o —g—— &
[T
B0 = e
n
400
300 ; . r - r . T T . r
500 2004 2500 00 500 4000
Revolutions Per Minute
Fig. 4-5 Comparison of Intake Manifold Pressure
—B— Maazsurement Data
*— Calcukation Data (WG Vake)
— B0D
2 750 . .
% ?u:u:u-: =
o A50 < - =
@ 1 - ] [ ] "
E GO0 - = - .
o S50+
(=
S00 E, s -
o D30 —-
1] 4 L ]
2 oand . -
- 0965 - ™
o Lyt -
£ 0244
[F] o]
"E 0. 24 -_
0.20 T - T T T T T T T T
1500 2000 2500 3000 3500 A000

Revolutions Per Minute



B Measursment Dala
Calculation Data (WG Vaha)
A Celculation Data (Mo WG Valve)

1800
1500 -
"EUU—-
!':ll'll:l—-

GO0 <

A
L)

025
n:-:m—:
015 -
0104
nos

Flow Ratio of Turbine Inlet Prassure
Waste Gate Valve (Gauge, mmHg)

Q00

L I % 1 ¥ 1 b 1

. e
16 19 20 24 22 2
Expansion Ratio

w
P
=

Fig. 4-7 Comparison of Turbine Inlet Pressure

Fig. 4-6

Fig. 4-7
(Waste Gate Valve)

Fig. 4-8

38%



0.70

m— Measuremeni Data
®— Calculation Data (W/G Valve)
#  Calculation Data (Mo W/G Valva)

0.68 =
0,66 —
0.64 —

0.62 4

Turbine Efficiency

0.60 =

\]

0.075
0,070
0.065
0.080
0.055
0.050

Corrected Exhaust
Gas Flow (kgfs)

aan-em e °

s sn- i
.__ -

3
111

T T
18 1.9 2.0 21 2.2

Expansion Ratio

T
1.7

Fig. 4-8 Comparison of Turbine Characteristics

Fig. 4-8

. 23

Fig. 3-3

Fig. 4-8

, Fig 4-8

23



Fig. 4-9

1/ 1000

7%
1
B Measuremeni Data
& Calculation Data (WG Valva)
& Calcutation Data (No WHGE \Valve)
22
20+ -
18 H
] *
i 18 " :
£ =
[ . 14 _ -
E 12 - a .
o J
% 10~ *
=] 1 | |
i 84 [ ]
=
= ]
b= e
4] &
2 T 3 T T T Y T T T T T
1500 2000 2500 3000 3500 4000

Revolutions Per Minute

Fig. 4-9 Comparison of Turbine Power

- 37 -



4.1.3

212

10% . 10%
10%

Fig. 4-10, 4- 11

- 38 -



®— Caleutation Data (WG Walvae)
Large Turbine
¥— Small Turbine

0T
Uﬁﬁ—- .L—.'-Lt-.nl-"' -
066 — il
0.64 -

0.82

LR 11

o
™
-

"y

PO L, T
L1
A
Ll

DoTe
D.O6S
0060
0055

O G80

Gas Flow (kg/s) Turbine Efficiency

I T |
L ]
4

Corrected Exhaust

1.3 1.4 1.5 1.6 17 18 1.8 za z 1 2z

Expansion Ratio

Fig. 4-10 Turbine Characteristics of three sizes(trims)

Calcwlaton Data (WG Wakig)

-
& Large Turbine
Small Turbme

&4

3 v

224
i -
‘B a4 : - G L3 &
o & - -
14 — i = "
2 v
> 15 -
w 2 -
(]
-] 1.8 =
e
o

1.7 o -

1.8 -

s
1.8 . - T ! | - 1 . T ! I .
a.0q Das a8 a13 D132 a.14 D95

Corrected Air Flow (kgfs)

Fig. 4-11 Estimate of Compressor Pressure Ratio



Fig. 4- 10

Fig. 4-12, 4-13

- 40 -



Calculaban Data WIS Vake)

-
& High ENicmncy Tuikine
w— Low EMicency Tushina
o 080
E q
_% EITE--_ = e il
£ oo »
Lu g . -
E EIEE-—_ .
L 0604 » N,
= L -
@ dstes =
=Ry 1
@ = 0.075
£9
2.070 -
o= 0070+ __y e
= £ o085 - &
a 2 E S
o W 0.0&60 - e
L)
6 ol
= @ 0055 o
& o
5] o 050 T T T T T T T T T T T T T
1.3 1.4 1.5 1.6 1.7 16 1.9 2.0 2.1
Expansion Ratio
Fig. 4-12 Turbine Characteristics of three Efficiency
& Cakcyulatkon Data (WG Valva) i
& High E#iciency Turbine
w— Low Efficency Turbing
24
1 &
2.4
224 o 'Y & L
o 21 ] ) -
= o _1 - - .
& ap- a v i
W‘ 4 - L]
5 194 - w
ol
w ] L4
E 16 =
o 1 A
1.7 4
J -
18+ L
145 T T L T T T T T T T T
o.04 0,08 008 010 012 014 o1E

Corrected Air Flow (kgls)

Fig. 4- 13 Estimate of Compressor Pressure Ratio




Fig. 4- 14, 4- 15

10%

, Fig. 4-15
Fig. 4- 15

B/A ,
& Caleulation Data (WG Vale)
A — HighJarge Turbina
Loowansmall Turksins

& 080

e P aaass

2 0T "

E 065 w = i bl

g€ el v 2R E B

B ] L

= [

- ]

".-W‘:.“'.. ==
B _ om]
E E e =] i h-AA
i g I:.E::_' " oot
B3 .01 : gy
E o ...-EIE'.—_ - v
£ $ 0055 E
U U :"’JT L T L 1 L] ] L ]
1.5 4 15 i 1.7 i 1.3 20 21 iz
Expansion Ratio
Fig. 4-14 Turbine Characteristics of three sizes (trims)

and Efficiency

- 42 -



30r

zaf

ZBF

ZAF

Fressure Ratio

2
[
T

—a— High-large Turhine
—— Laww-stmall Turhine

180000

170000

]

00z 004 006 005 01 012 01% 018 013
Corrected Air Flow (kgfs)

Fig. 4-15 Comparison of Engine Operating Line

Fig. 4- 16

- 43 -



L] =10
— =102
! =04
Tv—a=048
e=10.48
= 1.0
2.4 —
2.3 - m
- L
o 224 4
= ] n - -
o o2 2 H s -
x ) . 4 T . T
= 2 i ¥ - T +
= -
w
u 1.8 !‘
o .
=
o 18-
.8
- -
1.8 - :
T T T T T T T T T T T
004 0.08 .08 0 b2 014 016

Corrected Air Flow (Kg/s)

Fig. 4-16 Estimate of Compressor Pressure Ratio
according to Intercooler efficiency

Fig. 4- 16

- 44 -



4.2 2

42.1

Fig. 4- 17 :

oL a
FWN Tark [ Lo Tau'anT'

Fig. 4-17 Schematic diagram of a turbocharged two-
stroke diesel engine for experimentation

- 45 -



Table 4-3 Specifications of Two-stroke Diesel Engine

Engine Type 3 UEC 37LA
Maximum Power 1500 PS / 188 RPM
Maximum T orque 5710 kg m / 188 RPM
Bore x Stroke 370 mm x 880 mm
Compression Ratio 14.8

BMEP 12.65 kg/ cm?
Mean Piston Speed 551 m/s

422
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(Overlap) 2

[1]

m= CdAY [ 27/ (7- 1DIPsos[ (Par/P3) ?7- (Pyr/Pg) 7017 4.1
m= Cd A\ 20,(Ps- Pur) (4.2)
A b
Cd
. (Fig 4-24 )
Fig 4-22 , Fig 4-23
Fig 4-24
, Fig 4-25
Fig 4-26 , Fig 4-27
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