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A Study on the Development of Simulation Program for the Small Naturally
Aspirated Four-Stroke Diesel Engine

Back Taeju . Jeon Hyojung

Abstract

Since 1973, the compstition on the development of fuel saving type internal combustion
enginss has become severe by the two times oil shock, and new type engines are reported
every szveral months. Whenever thess new typz engines are developed, new designs are
required and they will bz offered in the market after performing the endurance test for
a long time. But the engine maker is facad with a heavy burden of finance, as the dzve-
loping of a new engine requires tremendous expenses. For this reason, the computer
simulation mzthod has bsen lately developed to cope with it. The computer simulation
method can bz available to perform the reasonable research works by the theoretical
analysis bzfore carrying out practical experiments. With these processes, the developing
expenses are cut down and the period of development is curtailed.

The objzct of this study is the development of simulation computer program for the
small naturally aspirated four-stroke diesel engine which is intended to product by the
original design of our country.

The prozsss of simulation is firstly investigated for the ideal engine cycle, and secondly
for the real engine cycle. In the id=al engins cycle, each step of the cycle is simulated
by the energy balancz according to the first law of thermodynamics, and then the engine
performance is calculated.

In the real cycle simulation program, the injection rate, the preparation rate and the
combustion rate of fuel and the heat transfer through the wall of combustion chamber
are cnosidered. In this case, the injection rate is supposed as constant through the crank
angle interval of injection and the combustion rate is calculated by the Whitehouse-Way
equation and the heat transfer is calculated by the Annand’s equation.
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The simulated values are compared with measured values of the YANMAR NS90(C)
engine and Mitsubishi 4D30 engine, and the following conclusions are drawn.

1. The heat loss by the exhaust gas is well agree with each other in the lower load,
but the measured value is greater than the calculated value in the higher load. The
maximum error rate is about 15% in the full load.

2. The calculated quantity of heat transfer to the cooling water is greater than the
measured value. The maximum error rate is about 11.8%.

3. The mean effective pressure, the fuel consumption, the power and the torque are
well agree with each other, The maximum error is occurred in the fuel consumpticn, and
its error rate is about 7%.

From the above remarks, it may be concluded that the prediction of the engine per-
formance is possible by using the developed program, although the program mneeds to
reform by adding the simulation of intake and exhaust process and assuming more
reliable mechanical efficiency, volumetric efficiency, preparation rate and combustion

rate.
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30) 2Rz AEsk WAYEst dee FER 2
7 srgret,

1)
27 A TCUTATION OF
EFFTH, POWER, PMIP, PMEP , TORQUE, 31) A Abo] o] Ml S|HEAAN D A ALabe),

w

BI, BE,E’I‘A HEIP HTIPP HEEP,
HEETP, HLWCP HLE,HLEP HLF HLFP

{

2)
3 WRITE 32) &5 ol ehE ol dkel.
INPUT DATA

[
¥

WRITE ®"OUTPUT"
PMIP,PMEP,TORQUE,POWER, BI,

BE,EFFTH,ETAE,ETAM,ENERGY (1), 33) 7138 HAAE A g
/ HEI? ,HEEP,HEAT,HLE, HLF

34) WRITE WPITLEM
I,V(I)SP(I),T(I),ENERGY(I), 34) 7 thA| rhepe
i -

/ WORK(I
( STOP )

SUBROUTINE
DENSITY

33)

A4, 44, 25, Wi

359 R P I OO PR E R !
SET UP VALUE OF £E A AbEte
AMOT,WM(I),I=1,4 =T
]
i
36) [CALCU‘LATION OF 36) Al 7bze] WEF AAbgel.
DEN
37) }
? ’ CALOULATION CF 37) AW Ahae] AEE A
RETURN

B, 4D30ESHI-S B-#hiol=) .
A-BBIS) Wlshel = BN, = i W
4. EEEHERRC| O3t &M BB Tl A MBS BWE SV E HES

fEfsta, B-#MRel Al =23 = kil
A #wXAME BRIl 2208 5 welA EEE AHE #LANE HEE (#

MBS mEFEsty 98 YANMAR NS90(CH9 Fasich.
Mitsubishi 4D302] 5 #BAe] ol shed EE ST A-HBS WHRS EE fFslgom B-Ee
FEME HERHE o NSIOCMME A~ BHEXBY & WHRIS JHstgc.
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4.1 MERHAAC! FHw X Bt

H H A—#E M B—# B
R YANMAR NS90(C) Mitsubishi 4D30
Aol Z 4—178 41—
WHIRH X W K&
Al ol 1 4
A2 o X T (mm) 85X 90 100X 105
5] 28 8% (m?) 0.510X107? 3.298X1073
ER 21.0 19.5
FAMT(Ps) 9 90
52 # HJ7(Ps/RPM) 8/2200 68/2800
BREE(RPM) 2200 3500
BAkE e 3 (N-m/Ps) 28.71/9 215.75/30
F/NMREL T EH (g/Ps+h) 200 185
V%% 1 (bar) 7.076 6.88

i} e ‘ BH ‘ s}
2 2 B 1 (de) | | J
% A | 28°BTDC| 48°ABDC| ®% A 17°BTDC| 47°ABDC
| Bk & | 57°BBDC | 22°ATDC| #k % 53°BBDC[ 11°ATDC

SRS SR I (deg) 183°BTDC 18°BTDC
s K 1 1—3—4-2

) HHo MW MERE e fEshaA

4.2 RBEE o ®AIE ATE BAY = BRBHIES W o & A
(D HHER fFehg o] B e 2

EHIEEZAE YANMAR NSOO(COHERIo]

. A - Table.1 Engine Operating Condition
KED PIRBH SRR EECEY HEk

~[Dynamometer
Rerilt 8 E Aty o Fig. 62 o % %@ Order _[Speed(RPM)| Output (P)[™5ad (k)
R E I 1 2000 2 2.8650
Fig. 70 ®REES AMME MEEHES : o : o
idl Z. 71 o)) . .
T A= 4 2000 8 11.4613

) /I kR
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Fig.7 Schematic Diagram of Experimental Apparatus.
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4.3 A|Ro[Moll ofst &R

olzi el B-#41(4D30 Engine)ol] of 3k 4 1%

BEMABMAEEE, H88 1 1084

(3500 RPM)efl A2} HEARK) Aol 3 TKE

* IDEAL DUAL COMBUSTION CYCLE ANALYSIS PRCGRAM *

auw INPUT DATA #ex

CYLINCER DIAMETER 0+,100000E
STROKE 0,105000¢
COMPRESSION RATIO 0.193000E
CYLINDER NUMBER 0.400000%
AIR FUEL RATIO 0.190061E
CARRON ATOMS IN FUEL 0,880950E
HYDROGEN ATOMS [N FUEL 0.119050E
HEAT OF REACTION = 04421540
TRAPPED PRESSURE 0.928240E
TRAPPED TEMPERATURE 0.313C00E
REFERENCE PRESSURE 0.,101225E
REFERENCE TEMPERATURE 0.293000E
ENGINE REVOLUTION 0.350C00E
A]R FUEL RATIO STOICHIO. 0.142283E
FUEL AIR EQUIVALENCE 0.748617E

FRACTION OF FUEL BURNT IN CCONSTANT VOLUME COMBUSTICN

co
00
02
01
2
02
02
o8
05
03

06"

03
04
02
o]

* DIESEL CCOMBUSTION CYCLE ANALYS!S PROGRAM

#ak INPUT DATA &2
CYLINDER DIAMETER

STRCKE

COMPRESSION RATIO

CYLINDER NUMBER

LIR FUEL RATIO

CARBON ATOMS [N FUEL

HYDROGEN ATOMS IN FUEL

HEAT OF REACTION :

TRAFPPED PRESSURE

TRAPPED TEMPERATURE

REFERENCE PRESSURE

REFERENCE TEMPERATURE

ENGINE REVOLUTION

AIR FUEL RATIO STOICHIOMETRIC
FUEL AIR EQUIVALENCE

CCOLING WATER TEMPERATURE
DEGREE OF FUEL INJECTION START
DEGREE OF FUEL INJECTIUN END
CESREE OF EXHAUST VALVE OPEN

#p OQUTPUT w3

P

EME

TCORQUE

FOWER(4 STROKL)

INDICATED FUEL CONSUMPTION
EFFECTIVE FUEL CCORKSUMPTION
INDICATED EFFICIENCY
EFFECTIVE EFFICIENCY
MECHAN]CAL EFFICIENCY
VCLUMETRIC EFFICIENCY

HEAT ADDITION BY FUEL

USED HEAT IN INDICATED POWER
USED HEAT IN EFFECTIVE FOWER
HEAT LQOSS BY WATER COOLING
HELT LOSS BY EXHAUST

HEAT LCSS 8Y FRICTION

#x# QUTPUT =t#e

Apel 4 Al Frelol A #RE HIRTE.

M 1.M.E.P N.137298E 02 (BAK)

(B TORGUE 0.360264E 03 (N=M)
PCWER (4 STROKE) 0.132096E 03 (Kw)
THERMAL EFFICIENCY 0.569821E 02 (%)
VOLUMETRIC EFFICIENCY 0.800000F 02 (%)

(%) HEAT ADDITION BY FUEL 0,198703E 04 ()
%) USED HEAT IN EFFECTIVE POWER D.113226E 04 (J)
(JIKG) HEAT LOSS BY EXHAUST D.854T72E 03 (1)
(N/Muu2)
x>
(N/Mex2)

(K>
(RPM)

0.40
+*
0.100C0CE 00 (M)
0.10500CE 00 (M)
0.1950008 02
0.640500CE 01
0.168220E 02
0.8809505 02 (%)
0.119050E €2 (%)
“0,421540E 08 (J/RG)
0.92£2408 05 (N/Msx2)
C.31300CE 03 (K)
0.1013225€ 06 (N/MyxZ)
0.29300CE 03 (x2
C.3500008 04 (RPM)
0.142283E 02
0.845716E 00
0.4230008 03 (X)
0.3450C0E 03
0.36%000€ 03
0.487000F 03
% CALCULATED VALUR # +« MEASUR®ED VALUD «
0.970964E 01 (8AR) C.926000E 01 (BAR)
0.72:4268 01 (BAX) C.687000E 01 (BaR)
0.1892692 03 (N=M) 0.180S00E 03 (N=M})
0.694092E 02 (XW) 0.661700E 02 (X¥)
0.211542F 03  (G/KA=H) £.2223008 03 (G/Kw-H)
0.2852525 G3  (G/Rw=H) 0.299200F 03 (C/RKWar)
0.L02944E C2 (%) 0.3840C0E G2 (%)
0.299388F 02 (%) 0.285000E 02 (%)

LTE3000E 02 (% 0.743C00E €2 (%)
C.800CC0E 02 (%) 0.8000C0OE 02 (%)
J.1387185 Q& J (1CC.0%) O0¢1GET0Q0E G4 [N
5,ECO721E C3  (J4)  ( 40,3%)  0.763CCCE 03 (N1

L394936E 03 J) ( 29.9% C.56T20CE 03 (J
C.557678E 03 (J) ( 28,1%) 0.505300€ 03 ()
0.£25571E 03 (J)  ( 31,5%) C.T19T00E 03 ()
0.205785E C3 [QeD] ( 10,4%) C.196700Z 03 [@8))
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Fig.10 Comparison of Heat Loss by Exhaust
between Experiment and Calculation
for Engine A.
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Fig.12 Comparison of Heat Loss by Cooling

Water between Experiment and Cal-
culation for Engine A.
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Fig.11 Comparison of Heat Loss by Exhaust

between Experiment and Calculation

for Engine ‘B.
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Fig.13 Comparison of Heat Loss by Cooling
Water between Experiment and Cal-
culation for Engine B.
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Fig.14 Comparison of be, Pme between Exp-
eriment and Calculation for Engine A,
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Fig.16 Comparison of Torque, Power between

Experiment and Calculation for Engine A.
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Fig.15 Comparison of be, Pme between Expe-

riment and Calculation for Engine B.
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Fig.17 Comparison of Torque, Power between
Experiment and Calculation for Engine B.
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