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OCOBEHHOCTH UCITOJIB3OBAHUA DJEKTPOHHOI'O UTHANKATOPA JUIA
CYJIOBBIX UETBIPEXTAKTHBIX IBUTATEJIENA BHYTPEHHEI'O CTOPAHUA

N ABC BEPEI'OBBIX BJIEKTPOCTAHHI/IFI
AT Tapanun, kaHouoam mexHu4ecKux Hayx

JlaHHas CTaThsl OCBEIaeT CIEAYIONEE 3a1aui: [IpaBIIbHOE HCIIOIb30BaHUE HIEKTPOHHOTO HHJIUKATOpa BO
BpeMsT HHHITUPOBAHUS YETHIPEXTAKTHRIX JIBUTATENECH BHYTPEHHETO CTOPAHMS, TIPABUITBHBIN TIEPEHOC PE3YIIh-
TaTOB MH/IUIMPOBAHUS U uarpamm Ha ITK; koppektupoBka BMT HHIUKAaTOPHOM JHArpaMMbI U TIPaBHIbHBIHA
pactéT BBIXOJHBIX IApaMeTPOB WHAWIMPOBAHMS, TaKUX Kak Pmi—cpelHe-MHINKATOpHOE JaBleHUe, Pme—
cpemHe—ddekTHBHOE AaBleHue, NIND—HHMKATOPHAsT MOTITHOCTD ¥ NErF—2(QEeKTHBHAS MOIIHOCTD IS Kak-
JIOTO IRUTMH/IPA ¥ JIBUTATENS B IIETIOM.

KitoueBble ciioBa: VHIMIMPOBAHUE JBUTATENs, TApaMETPhl MHWMIMPOBAHUS, SIEKTPOHHBINA HHJMKATOD,
CpeIHe—MH/IMKATOPHOE U cpeiHe—>(PhEKTHBHOE IaBIIeHUE, UHMKATOpHAs U 3P ()EKTHBHAS MOIITHOCTD.

The present publication illuminate the tasks as follows: Electronic indicator proper usage at four—stroke internal
combustion engines (diesel engines) indication; Indication results & diagram proper transfer to PC; indicator
diagram top dead center TDC correction and engine performance data output values such as Pyi—mean indicated
pressure, Pve—mean effective pressure, Nivp—indicated power and Nerr—effective power proper calculations for
each cylinder and engine total.

Keywords: Engine indication, performance data, electronic indicator, mean—indicated pressure, mean—etfec-
tive pressure, indicated power, effective power.

Introduction

Currently on the worldwide fleet motor—ves-
sels and shore diesel power plants for internal com-
bustion engines—diesel engines indication and perfor-
mance data measurement readings carrying—out the

micro—processing gauging and systems, such as Doc-
tor—Engine, Diesel-Doctor and Electronic indicators
(different kind of brands and manufacturers) are used
in most of cases. However, actually they are not car-
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rying—out the functions of the engines technical con-
dition (cylinder tightness, fuel injection equipment
condition and turbocharger system condition) diag-
nostic and analysis, overload/download analysis and
load distribution between the cylinders analysis, but
they are electronic gauges for compression pressures
Pcom, maximum combustion pressures Paax meas-
urement by open indicator diagrams (Fig.1) and
closed indicator diagrams (Fig.2) for each cylinder
and for engine speed measurement at each cylinder
indication. All others values are required for the en-
gine technical condition diagnostic and analysis has
determined by calculation from indicator diagrams or
entered manually to the electronic equipment tables.
Examine the engine indication results from

Electronic  indicator type HLV-2005 MK
(Praezisionsmesstechnik Beawert GMBH, Ger-
many):

1) The values are calculated from the indica-
tor diagrams:

— Cylinders indicator diagrams area Ap (mm?);

— Cylinders mean-indicated pressure Pyg“Y" (bar)
(Fif 3);

— Cylinders mean—effective pressure PpgsC'r
(bar);

— Cylinders indicated power Npp~ T (IKW)
(Fif 3);

—  Cylinders effective power Ngpr© T (EKW);

— Engine average mean—indicated pressure Pyr™©
(bar) (Fig.3);

- Engine average mean—effective pressure Pae™C
(bar);

— Engine indicated power Nop®¢ (IKW) (Fif.3);

— Engine effective power Nepr ¢ (EKW);

— Engine mechanical efficiency numc (%0).

2) The values are entered manually to the
electronic equipment tables (Fig.3):

— Scavenging air temperature after turbocharger
or before scavenging air cooler Tsc™ (°C);

— Scavenging air temperature after scavenging air
cooler Tsc™* (°C);

— Scavenging air pressure after scavenging air
cooler Psc® (bar);

— Exhaust gas temperature after turbocharger Tex
HATC (OC);

— Turbocharger speed nrc (rpm);

— Cylinders exhaust gas temperatures Trx®
0

— Cylinders fuel rack position FRP (fuel pump in-
dex FPI) (mm);

YL

Note: However, the mentioned above values
are not enough for the engine technical condition full
diagnostic and analysis (cylinder tightness, fuel injec-
tion equipment condition and turbocharger system
condition).

In completion of indication data entering to the
PC without TDC correction the engine average
mean—indicated pressure & indicated power calcula-
tion can give tolerance up to +10%, while the same
values calculation from indicator diagrams are taken
by mechanical indicator with usage of computerized
technology gives tolerance up to +0.5% only.

The engine average mean—indicated pressure
and indicated power calculation tolerance up to +10%
is not satisfactory for the engine technical condition
(cylinder tightness, fuel injection equipment condi-
tion and turbocharger system condition) diagnostic
and analysis, overload/download analysis and load
distribution between the cylinders analysis.

Thereby we suggest the engine (4—stroke en-
gine) indicated power accurate calculation procedure,
afterwards it is possible a TDC accurate correction for
each cylinder, and then a cylinders mean—indicated
pressure Prg©YF, cylinders indicated power Npp©Y' &
engine average mean—indicated pressure Pr™° same
accurate calculation within tolerance +0.5%.

Work object

The high accuracy obtaining in the indicator
diagram treatment and as results high accuracy in the
cylinder power calculation, determination of load dis-
tribution between cylinders and cylinders/engine con-
dition diagnostic & analysis without engine disman-
tling.

Ways of investigation

Investigations has carried out on the vessel's
and shore engines (with effective power from 300
EKW up to 6600 EKW) with different kind of mi-
cro—processing gauging and systems (Doctor-En-
gine, Diesel-Doctor and Electronic indicator) & with
mechanical indicators.

Investigation results and discussion about

1. The indicator diagrams TDC correction
and each cylinder/total engine output data calculation
after the 4-stroke Generator Engine MAN-B&W
type 6L.23/30 indication by Electronic indicator type
HLV-2005 MK.

1) The Generator Engine performance data
some measurement readings are taken at each cylin-
der indication and its average values calculation (ta-
ble 1):
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Table 1
CYLINDER No. 1 2 3 4 5 6 |
FW TEMPERATURE C 72 73 73 73 74 745 AVERAG 73,3
TEMPERATURE C IN 705
EG TEMPERATURE C 320 353 342 350 380 337 AVERAG 347
FUEL PUMP INDEX mm 20,5 215 19,5 19 20 20 AVERAG 20,1
COSINUS PHY (-) 0,66 0,66 0,66 0,66 0,66 0,66 AVERAG 0,664
FREQUENCY Hz 60 60,1 60 60 60 59,8 AVERAG 59,98
CURRENT A 1040 1030 1030 1030 1025 1025 | AVERAG 1030
VOLTAGE V 440 443 442 440 438 438 AVERAG 44017
ACTIVE POWER kW 528 512 522 524 524 517 AVERAG  521,2
2) The generator calculated active load by the cos@ measurement readings at each cylinder indica-
average values of voltage V, amperage A and power tion:
factor cos measurement readings at each cylinder in- Q=P - tg(arccos(cosp) =
dication from the table 1: =521.17 - tg(arccos(0.664)) = 587.39 KVAr
P:\/E~V~A~cos(p:_‘
1000 5) The generator calculated total load by the
J3 - 440.17 - 1030 - 0.664 average values of voltage V, amperage A and meas-
= 1000 =521.17KW urement readings at each cylinder indication:
where: m = 3 — NOs of phases. g ¥m - V-A 344017 - 1030 oo pua
3) The generator active load by the kilo—watt- 1000 1000
meter measurement readings at each cylinder indica- or
tion from the table 1: S=4/P? +Q? = 521.172 +587.39% = 78526 KVA
P=521.17 KW
4)  The generator calculated reactive load by 6) The Generator Engine measurement
the average values of active load P and power factor readings data are taken from the shop trial test results
(table 2):
Table 2
Alternator frequency Hz by observation o0 o0 o0 o0 o0
Alternator current A by observation 132326 | 1204.1 { 903.72 | 599.8 | 292.52
Alternator voltage \ by observation 450 450 450 450 450

Alternator reactive load KVAr Q=P teo 618,825 5631 |422,625] 280,50 | 13638
Alternator total load KVA [S=m® - U-1/10° | 103138 938,503 | 70438 | 467,50 | 2280

F
I
U
Alternator active load P KW by observation 825.1 7508 | 5635 374 1824
Q
S

Alternator total load S KVA [ s=@+0)" [103138| 9385 | 704375 467,50 | 2280
Alternator power factor COSO - by observation 0,8 0,8 0.8 0.8 0,8
Engine indicated power Nio IKW | byindication results| 8872 | 8092 | 6142 | 4192 | 2242

Alternator total load factor Forp KW | Farp=Npp/S 0,86021 | 0,86223 1 0,87198 | 0,89668 | 0,98333

7) Draw the diagram of alternator total load 8) The alternator calculated total load factor
factor dependence of total load from shop trial test re- by the function is founded from the diagram 1.
sults table and found its dependence function by the
trend line (Diagram 1).
Fypp, =5.551340 - 1077 8" — 1.871722 - 107°- 8+ 2.403963 - 107°- 8> — 1.432312-107- S+

A
+1.205615 = 5.551340 - 107*- 785.26* — 1.871722 - 107°- 785.26*+
+2.403963 - 107°- 78526 — 1.432312 - 107~ 785.26 + 1.205615 = 0.868

9) The engine calculated indicated power by

the engine & alternator performance data results: 10) Enter the engine indication and perfor-
N =S © Fupp, =785.26 - 0.868 = 681.6 IKW mance data to the PC (Fig.1, Fig.2, Fig3):

145



Oxennyamayus mopckozo mparcnopma. 2019, Ned

Conclusion: As we have seen from the Fig.1
and Fig.2 the engine all cylinders indicator diagrams
compression lines are in different position (arrow 1),
that is what can not be for the same designed cylin-
ders. They are should be in one line, that is can be
adjusted by cylinders TDC correction individually

(arrow 2). As we have seen from the Fig.3 the engine
indicated power is 719.02 IKW instead of calculated
initem 9 — 681.6 IKW, that is become 5.5% tolerance,
which is not acceptable for the engine technical con-
dition diagnostic and analyses. We have to correct the
engine cylinders TDC totally.

Diagram 1

The alternator total load factor Fo1_ dependence of total load S diagram
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11) The engine cylinders TDC angles (Fig.1)
in degreases of crank angle CA:

Cylinder 1 TDC =0 © CA; Cylinder 2 TDC =
1° CA; Cylinder 3 TDC=1° CA;

Cylinder 4 TDC =0 © CA; Cylinder 5 TDC =
0 ° CA; Cylinder 6 TDC =2 © CA;

all individually for making the diagrams compression
lines in one line (arrow 1), then totally for making the
engine indicated power same as calculated in item 9
(arrow 2), (Fig.4, Fig.5, Fig6):

Cylinder 1 TDC =2 © CA; Cylinder 2 TDC =
2 °© CA; Cylinder 3 TDC =1° CA;

Cylinder 4 TDC =1 © CA; Cylinder 5 TDC =

12) Correct the engine cylinders TDC first of

2 © CA; Cylinder 6 TDC =2 ° CA;
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Figure 1. Cylinder open indicator diagrams before TDC correction



Paznen 3 Cyoogwie snepeemuueckie yemanosKy, CUCIMEMbl U yempoticmea

= | Lnginediagnosticsystem - AL3-07.09.1 Zinitial.eng

fle engnes loadcata presentation basic settings  help

Measwiing Diagrams T Slalistics T Tanke
b= |
gt Jo =
1o i
100 - !
C
-
70 -
50—
50 -
40 -
30-
20-
0=
=
a
ToC W Jem7] 30c
40= =

Figure 2. Cylinder closed indicator dia,

Enginediagnosticsystem - AE3-07.09.1 Zinitial.eng
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WMeasuring Diagrams T Statistics | Tablie:
Engine type: BL23 30 Stroke: 4 _IE' =
Cylinder Count: 6 Swept Volume [emi]: 11928 E'll_"_l i
Lenght of Con.rod [mm]: 600 Half stroke [mm]: 180 i
baore [mm]: 225 Compression reom [emi]: 760 i
T before cooler1 [ C]: 153 T after Coaler 1 ['Cl: 335 i
P after cocler 1 [bar]: 1073 Blower revs [rpm]: 42460
T after blower 1 [C] 295
Cylinder n [rpm] prmax [bar] pi [bar] Power [kKW] | Rack Set [mm] | T.exhaust ['C]

1. 090712 14:40 7205 10866 18,22 130,51 205 3200

2. 090712 14:42 7208 106,08 16,78 120,20 215 353.0

3. 090712 14:43 7207 104.58 15,19 108.79 19.5 3420

4, 090712 14:44 720,3 106,85 16,36 11711 190 3500

5. 090712 14:45 7209 104,70 18,18 130,28 20,0 3800

6. 090712 14:47 7189 104.87 15,69 11213 200 3370

07204 010596 018,74 X 719,02 020,08 0 347,00

Figure 3. Cylinders indication & performance data results table before TDC correction
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Figure 4. Cylinder open indicator diagrams after TDC correction
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Figure 5. Cylinder closed indicator diagrams after TDC correction
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Measuring Diagrams ‘ Statigtics T
Engine e: BL23 30 Stroke: 4 !
gine typ ()] I
Cylinder Count: 6 Swept Volume [emi]: 11928 %%| i
Lenght of Con.rod [mm]: 600 Half stroke [mm]: 150 i
bore [mm]: 225 Compression room [emi]: 760 i
T before cooler1['Cl: 163 T after Cooler 1 ['C]: 335 i
P after cooler 1 [bar]: 1079 Blowerrevs [rpm]: 42460
T after blower 1 [C] 395
Cylinder n [rpm] prmax [bar] pi[bar] Power [KW] Rack Set [mm] | T.exhaust [*C]

1. 090712 14:40 7205 108.66 16,11 115.41 205 3200

2. 090712 14:42 7208 106,08 15,73 112,68 215 3530

3. 090712 14:43 7207 104,58 15,19 108.79 19.5 3420

4. 080712 14:44 7203 106,85 15,31 109,60 19,0 350,0

5. 030712 14:45 7209 104,70 16,11 115,46 20.0 3800

6. 090712 14:47 7189 104,87 15,69 112,13 20,0 3370

07204 0 105.96 Q1568 T 674,06 Q2008 0O 347.00

Figure 6. Cylinders indication & performance data results table after TDC correction

Conclusion: As we have seen from the Fig.4
and Fig.5 the engine all cylinders indicator diagrams
compression lines are in one line (arrow 1) after TDC
correction (arrow 2), that is what to be for the same
designed cylinders. As we have seen from the Fig.6
the engine indicated power is 674.06 IKW and almost
the same with calculated in item 9 — 681.6 IKW, that
is become — 1.1% tolerance, which is perfect for the
engine technical condition diagnostic and analyses.

13) The Generator Engine mechanical loss
pressure from shop trial test results:

Npng = 720 ipm — Py = 0.68 bar

14) The Generator Engine mean—effective
pressure calculation:
Pyp = Pur — Pupe = 1569 — 068 =15.01 bar
where: Pyp = 15.69 bar — from the engine perfor-
mance data results table (Fig.0);

Pume = 0.68 bar — from item 13).

15) The Generator Engine effective power
calculation:
Nprp = k'PME -1-1=0.0099357-15.01-719.8- 6 = 644.1 EKW

where: k=1.3084 - D?- S - m=1.3084 - 0.225%-
0.3 - 0.5= 0.0099357 — cylinder constant;
D = 0.225 mtr — cylinder diameter;

S = 0.3 mtr — piston stroke;

m = 1 — stroke factor (for 4—strike engine m =
0.5; for 2—stroke engine m = 1).

Conclusion

As we have seen from mentioned above infor-
mation for Diesel Generators indicator diagrams TDC
correction the generator unit (alternator) electric per-
formance data measurement readings to be taken, rec-
orded & output data are effected to the TDC correc-
tion to be calculated.
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YUCJIEHHOE MOAEJIUPOBAHUE MHOTI'OPEX KUMHOI'O 'OPEHUA

B TEIUIOBbBIX MAIIIMHAX

HLII Boiiuyx, kanHouoam mexHu4eckux HayK Ooyenm
A.B. Ambpooicesiy, O0KmMop mexHudecKux Hayx, npogheccop
K B.Muzanun, xanouoam mexHuveckux Hayx

YrcrieHHOE HCClie[OBAaHUE TOPEHHS YITIEBOIOPOIHBIX TOIUIUB TpeOyeT pelieHus cUcTeMsl b depeH mans-
HBIX YPaBHEHMUIA,OIIMCHIBAIOIIMX MHOTOCTYIIEHUATHIE TIEITHBIC XUMUUECKIE PEaKIIK, MOJIEKYIPHBIAIIEPEHOC,
IIEPEHOC UMITYTIhCa, TeIUIa U Macchl IIyTeM KOHBEKIIMH, U3IyUeHue, TYPOYIEHTHOCTh, UCIIapPEHUEKUIKUX Ka-
1ienb U T. A.B jaHHON paGoTe TOKa3aH OIBIT YHUCIEHHOTO MOJICITUPOBAHMS TOPEHHUS HA OCHOBE OJIHOPOIHON
MO/IeTH, 0TOOpasKaroIei HEIIPEPHIBHBIIN CIIEKTP PEKUMOB FOPEHUS - 0T U Y3UOHHBIX IIAMEH U JIO JICTOHa-
1. Moienb SBIsieTcs COCTaBHOM HacThIO allllapaTaurCc/IeHHbIX MCCIIE0BAaHUH HECTAITMOHAPHBIX IIPOCTPaH-
CTBEHHBIX TEUECHHH BSI3KOH Cpe/ibl B Pa3sHOOOPa3HBIX TEIUIOBBIX MallMHAaX. TeueHue ra3a OIMCHBAETCS 3aK0-
HAMH COXPAHEHMS MacChl, UMITyJIbca U 3Hepruu. [t oToOpaskeHUs! TBMKEHIS YaCTHUL XUMUYECKH Pearupyo-
el CMeCU ¢ Pa3IuiHON IPEBICTOPUEH UCIIONB3YeTCs CMETaHHbIHN 3HIepoBO-IarpaHXeB 110/1x0 1. VieHTu-
(bUKaIHs MOJI0KUTEIBHBIX SHEPIeTHIECKUX CKaUKOB, a/ICKBATHBIX OIIPE/ICTICHHBIM YPOBHIM aKTUBAI MU XTMU-
YECKHX IIpeBpallleHHH, peanu3yeTcs Ha 0cHOBe MU depeHIMalbHbIX aHATU3aTOPOB aKTUBAIMH IIporiecca. B
paboTe IIpUBEIeHB! IIPUMEPHI pacyeTa paboyero mporiecca B MyIbCHPYIOIIEM BO3/YIIHO-PEaKTUBHOM JIBUT'a-
Tene.

KiroueBble c10Ba: MHOTOPEKUMHOE TOPEHUE, YHCIICHHbIE UCCIIEIOBAHMS, TEIUIOBBIE MAIlUHBI, 3HIEPOBO -
JarpaHKeB M01X0/1, i depeHI ManbHbIN aHAIU3aToP

A numerical study of the combustion of hydrocarbon fuel requires solving a system of differential equa-
tions. This describes multistage chain chemical reactions, molecular transfer, momentum transfer, heat and mass
due to convection, radiation, turbulence, evaporation of liquid droplets, etc. In this paper we have the experience
of numerical simulation of combustion based on a homogeneous model. This model displays a continuous
spectrum of combustion modes - from diffusion flame to detonation. Knitted environment in a variety of heat
engines. The gas flow is described by the laws of conservation of mass, momentum and energy. To display the
motion of particles of a chemically reacting mixture with a different background, a mixed arbitraryLagrangian
- Fulerian method is used. The identification of positive energy surges is realized on the basis of differential
process activation analyzers. In this case, energy jumps are adequate to certain levels of activation of chemical
transformations. The paper gives examples of the calculation of the working process in a pulsejet engine.

Key words: multi regime combustion, numerical studies, heat mashines, arbitrary lagrangian - eulerian, differ-
ential process activation analyzers



