Engine Simulation & Optimization Software



The thermodynamic engine simulation tools are most
applicable for general engine analysis and they are
widely used because do not require large resources.

How to use them for diesel combustion optimization to

meet emission regulations?
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GT-Power 1D | Wiebe: User model; Link with CFD:;
(Gamma Technology) DI Jet model (Hiroyasu).

BOOST 1D | Wiebe; User model; Link with CFD;
(AVL) Mix Control Combust (MCC) model.
AMESIm 1D | Wiebe; User model; Link with CFD;
(LMS International) Mix Control Combust (MCC) model.
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Performance of Diesel Combustion Models

« Multi-Dimensional (CFD) Require too much computational time
Formal optimization is not possible.

From IVC till EVO

Time: 2 days

A B C

« Quasi-Dimensional,/ /| Multi-zone RK-Model

11 Zones of Spray

Time: 30 seconds

instead of 4 days
in case A




Diesel combustion models
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Workability of Diesel combustion models for

engineering tasks of emission control

ZeroTDlrlnensmnaI, Quasi-dimensional, Multi-zone LD el
Single-zone (CFD)

No, due to insufficient capabilities May be acceptable, if improved Require too much resources

Even the most advanced Hiroyasu model has The existing Quasi-dimensional multi-zone models have

failings: limitations at resolving combustion optimization tasks due to
- Does not account piston motion; - Insufficiently detailed consideration of determining processes
- Supports only easy shapes of piston bowils; of mixture formation, combustion, emission formation;
- Supports only central location of injector; - as a result they have Insufficient accuracy of simulation of
- Does not account interaction among sprays; combustion and emission.
- Does not account mass-exchange among
packages; So, the most actual problems of engine simulation and
- Does not account hitting of fuel on cylinder their optimization are out of capabilities of existing
liner and head. simulation tools

RK-Model

We offer to use an another concept of

Multi-Zone quasi-dimensional model

where sprays are divided on zones using

both geometrical fundamentals,

and mixture formation & evaporation
conditions.




DIESEL — RK : combustion model possibilities

Advanced features of diesel combustion model:

Original multi-zone fuel spray combustion model (RK-model) which
accounts:

a - fuel properties including bio-fuels and blends of bio-fuels with diesel oll;
b - few fuel injection systems in one cycle of dual fuel engine;

C - detailed piston bowl shape;

d - swirl profile and swirl intensity;

e - injection profile, including multiple injection and PCCI / HCCI;

f - number, different diameters and directions of nozzles holes;

g - detailed interaction of sprays among themselves in volume and on walls

accounting local walls temperatures.

Detail Chemistry simulation at NOx and Ignition Delay prediction.

Model of Soot formation.

Simulation of Dual Fuel; Gas; HCCI, Assisted HCCI engine concepts.



DIESEL - RK

Options of ICE simulation tool:

"Fuel Spray Visualization" code (animation of the simulation results).

Built-in procedures of Multiparameteric optimization (15 methods of the
nonlinear programming).

Tool for express data file creation for different kinds of engines.

Simulation of different combustion concepts:
- Dual Fuel;
- Gas;

PCCIO / HCCI,

Prechamber:

Assisted HCCI.



Original multi-zone fuel spray model (RK-Model)

Schematic Fuel spray structure

Publications:

* SAE 2005-01-2119;
* SAE 2006-01-1385;
* SAE 2007-01-1908;
* SAE 2009-01-1956;
* SAE 2013-01-0882;
* JSAE 20159169;

* JSAE 20159328.

Character zones

Before spray and wall impingement: Additional zones

1. Dense axial core of free spray. 8. Fuel allocated on cylinder Head surface.

2. Dense forward front. 9. Fuel allocated on cylinder Liner surface.

3. Dilute outer sleeve of free spray. 10. Fuel allocated in crossing of NWF cores
formed by adjacent sprays.

After spray and wall impingement: 11. Fuel allocated in crossings of Fronts

4. Axial conical core of NWF. and Cores of free sprays.

5. Dense core of NWF.

6. Dense forward front of NWF. * NWF is the so-called Near-Wall Flow of

7. Dilute outer surroundings of NWF. air with high density of fuel drops




Representation of spray zones and piston bowl geometry

1. Analytical: - Piston bowl is set of straight cones and straight truncate cones.
- Spray zones are sets of sloping cones and loping truncate cones.

2. As a 3D mesh of cubic cells. Number of cells: ~ 80 per Cylinder Diameter

Piston crown with grooves for
injectors in OP diesel 88-

Injector

... corresponding 3D
mesh with cubic cells

A volume of every spray zone is a sum of
Volumes of all cells included into the zone.

Mozzle The cells included into zones of few sprays
/ direction simultaneously form zone of sprays intersection.

Swvir




Spray tip penetration modeling
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Modified Lyshevski’'s equations
using dimensionless parameters

We= U(in drz P f O-f ’
M =Oh* = ,u/“ (p_,. d, O'_,)_,'
o=zios oy dy): P=Pur Py
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Experimental data:

SAE Pap. N 1999-01-0200.

SAE Pap. N 2000-01-0287.

SAE Pap N 2002-01-0946

ILASS — Europe 2011, Estoril, Portugal,
Sept. 2011.



Free spray contour angle modeling

Injection pressure is 1200 bhar, Timeis 1 ms

] Lyshevski’s equations
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The free spray contours obtained by different ways: : g
a) calculated with KIVA by Reitz and Bracco [33]; Fo = .
b) measured by Dan [34]; s =0.0075+0.009

¢) calculated by Jung and Assanis [35] using Usage of dimensionless parameters allows

Hiroyasu and Arai equations [36]; account properties of alternative fuels in
d) this study. : :
simulation.

33. Reitz, R. D. and Bracco, F. B. On the Dependence of Spray Angle and Other Spray Parameters on Nozzle Design and
Operating Conditions // SAE Paper 790494, 1979.

34. Dan T. The Turbulent Mechanism and Structure of Diesel Spray. Ph. D. Thesis, Toshisya University, 1996.

35. Dohoy Jung and Dennis N. Assanis. Multi-zone DI Diesel Spray Combustion Model for Cycle Simulation Studies of Engine
Performance and Emissions // SAE Paper No 2001-01-1246, 2001.

36. Hiroyasu, H., and Arai, M. Fuel Spray Penetration and Spray Angle of Diesel Engines // Trans. of JSAE, Vol. 21, 1980, pp.
5-11.




Simulation of the fuel sprays in the swirling air flow

Phenomenological Model of Interaction of
Spray and their Near Wall Flow with Swirl
and Walls.

1
o

Effect of impingement
angles v;

Effect of
local swirl
velocity W,

~U,)cos g ory, ;

K; = |siny, sinys +1-2(1_Sin7j )_2(COS7J)

Photo-record obtained by V.V.Gavrilov

Swirl profiles
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Allocation of air in the character zones

_ _ Scheme of air flows in a diesel spra
Air motion around fuel spray

] Qutward flows
10 kg/m”, 900 us ASI . 2 m/s (Reference vector)
96.5 MPa, 900 K —

Entrained air
(Burning spray)

Dilute Quter f,?“*:— S ) - oo
Environment Axial flow ’
1 E}’.'I
) Up /¥
Motion of Elementary Fuel Mass (EFM) from |
injector to spray front zone |, and spray tip |... M
Injector's |
hozzle
: |
)
~ =)
TE
Bl dmg
Mass of entrained air Am, for every EFM Am; Amy
Is defined from momentum conservation: Amf M Uy
U, Am, =U, (C, Am, + Am, ) P
0 f — Mk \VI f a Tr Ts
Tm




Preprocessor for Piston Bowl Design Specification

Specification by main dimensions Specification by coordinates of points
3 Fuel Injection System, Combustion Chamber | | , | Bowl Shaﬁje Catalogue
Injection Profile P and MNOx Emission Rk-model Setting: L_/L\j_
General Farameters Injectar Design Fiston Bowl Design
1 Yarz
(@) Specify by main dimensions () Specify by coordinates of points I
d[; ' W
] : - !
307 ” i | [ #1 &2 [#3 [#4 45 |46 Mitsubishi UEC45L4
y ; M ] R. [mm 476 683 848 1034 1365 !
g %3’* Yol ¥.[mm]|544 711 900 1298 1622 17.80 W
e r
i : " Double lin
Title Feugeot 410
External Diameter, de, [mm] 255 - To -
p-Clearance at TOC, h_clr, [mm)] 1 = .
Floor of Fiston Bawl piartailaieas Reoh .
() Flat (®) Notlat o
In-center Piston Bowl Depth, he, [mm] 0 3D meSh IS used i A
Radius of Sphere in Center of Fiston Bowl, rc. [mim] L for plston bOWI
Depth of a Combustion Chamber in Periphery, hp. [mm] 27 SpeCIflcatlon
Fadius of Hallow Charnter in Periphery of bowl, rp, [mm] 30.5

Inclination Angle of a Bowl Forming to a Plane of the Piston Crown, gamma. |55
[deq]

AT S

Top-Clearance at TDC, h_clr, [mm] 11.5
[ ] Calculate clearance on comprassion ratio

Distance Between Spray Centar and Bowl Axis, Si [rmm)] 0

Distance Between Sprays Center and Cylinder Head Plane, hi. [mm) 4

W

| 2 Frint ‘ o DK | X Cancel |

? Help

Detailed geometry of piston bowl and configuration of nozzles holes allows definition

of Coordinates and Time of spray with wall impingement.



Allocation of fuel in the character zones

Truck diesel Yamz: Locomotive diesel [149
S/D=140/130, RPM=1700 S/D = 260/260,

RPM=1000, BMEP=15 bar

...............................

------------ Hnj. profile:-----y--{am S5
------------ R itk o I

04

Fuel fractions in the zones

Fuel fractions in the zones

Crank Angle, deg. Crank Angle, deg.




Visualization of sprays evolution with account the swirl

Diesel-RK: Fuel Spray Visualization www.diesel-rk.bmstu.ru

Experiment:
Tractor diesel CM
4L D/S = 120/140
RPM=1800,
BMEP = 8 bar.




3D Fuel Spray Visualization code

3D visualization allows rotate animation, zoom and highlight sprays and zones

CA = 351 [deq]

Computational time of spatial 7 sprays evolution simulation
(in thermodynamic cylinder model) is about 1 minute !



Fuel Spray Visualization code

3D visualization of sprays evolution in 2 stroke large marine engine with 2
Injectors in cylinder. &% 5 Enfi=iffr-o

File Editor  iew
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3D Fuel Spray Evolution

3D visualization of sprays evolution in 2 stroke large
marine engine with 3 injectors in cylinder.

Yellow bullets mark spatial EET—— . :
: . 1 B Sprays settings window
intersection of sprays —r

e Front  Piston Oyl Head Crs  Crs
a- Injector A

al- Injectar #1

Spray#1

Spray #2

159.3 [deg] Spray #3

Spray #5

a- Injector B
a Injectar #1

Spray #6 .
|

s s #7

Dark Green bullets mark spray # 4, #9 & # 14; Blue bullets mark Near Wall Flows on cylinder
head; Dark Blue — their intersections
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Simulation of combustion in OP engine

18 LD/S=230/2x300 6700 kW @ 900 RPM
Lbiplzaigy, T L

General Parameters

A Side Injection

|
|

B: Hacoc-diopcyH

v |
|

C: Custom Fuel S

» |
|

D Custom Fuel S

=P s —

» . /Animation shows only 4 sprays from 1 injector.

o I

=T I el [ir T 7
=T N e ™ Sl | I

L .

m Green bullets show intersection of the sprays



Simulation of fuel spray motion and combustion in
two-stroke diesel with side injection system

Engine: Mitsubishi UEC 45 LA
D=450mm S =1350 mm
RPM = 158;

2 injectors: 4 x 0.75

Angles of holes in above view:
500, 350, 90 -10




Results of simulation of fuel sprays evolution with
DIESEL-RK software in comparison with published CFD
simulation and experiment

Diesel RK: Fuel Spray Visualization www.diesel rk.bmstu.ru

' Inner spray, calculation

Inner spray, experiment

Cuter spra'y, calculation

Outer spray, expefiment

- Ewperiment [inner spray)
- Ewpenmential [outer zpray)
- Calculation [outer spray]
- Calculation [inner spray)

o
[}
=
i)
-
=
ok}
P
L
o
o
E=
1
=,
g
L
jr
6]

Nozzle ¢0.75%4Nx-1* §° , 35°, 50°
Vare=14.0 m/sec

Fuel Spray Tip Penetration Ls (mm)

Innar Spray | Quter Spray
Exparimant ——
Calculation —_——

) calculation

H.Nakagawa, Y.Oda, S.Kato, M.Nakashima and
M.Tateishi: "Fuel Spray Motion in Side Injection
Combustion System for Diesel Engines",
International Symposium COMODIA 90, pp. 281-286,

1990.




3D Fuel spray visualization

Mitsubishi UEC 45 LA

D=

450 mm S =1350 mm

RPM = 158; CA = 355 [deg]
2 injectors: 4 x 0.75

Angles of holes in top view:

500, 350, 90, -10

Intersections of sprays:

(Yel

0z
015

01

Yolume fraction in intersection

0.05

low markers).

E ---g--- Yolume af 3% 4 sprays intersection zones
i o Wolume of 1% 2 zpravs intersection zones [




Red, Yellow, Green & Blue bullets 3D visualization of sprays evolution
are sprays core zones cells. in diesel with side injection system

Bottom view through
piston surface

Brown bullets are
Sprays Front Zones 3630
Cells.

Zones of Near Wall Flow Near Wall

on the Cylinder Liner, ~ Flow of “light
blue” spray

Black bullets are the
cells where the spray
cores intersect each

other.
3719

Prune Bullets are
Zones of Near Wall

Flow on the piston
surface Near Wall Flow of

“blue” spray



Calculation of the zone temperature

Energy balance equation for every zone of the spray:

AUa + AU If +Ava — AQalN +AQIf IN +AQvf IN _AQa ouT _AQIfOUT _AQvf ouT —
— PAV — Hevap +AQ,

where: AU is difference of internal energy at the end and start of time step;

AQ,N is energy, delivered into zone; AQ o7 is energy, removed from zone;

p is a pressure, AV is variation of the zone volume; Hevap Is a heat for droplet evaporation;
AQX =My, fb HU is heat of combustion of fuel vapor in the zone.

Indexes: a—gas (air); If —liquid fuel; vf— fuel vapor; fe —evaporated fuel;
1 and 2 mean start and end of time step; IN and OUT are delivering and removing.

The diameter of the fuel droplets after evaporation d . \/d 2 _Kdr
during time step dz: 322 S2mix '

The diameter of the fuel droplets (SMD) in the Nldg’2 AN dg’z N
zone after their mixing; here N is a number of d32mix = > >
droplets in zone. N1d32 1 T N IN d32 IN

3
The mass of evaporated fuel is calculated using d322
diameters of fuel droplets prior and after Amg, = (mlfl + AN ) 1- (d _
evaporation: Sl




Modeling of evaporation

Evaporation rate of droplet is described by Sreznevski’s equation: 322 \/d32m|x
where dj, is a current Sauter Mean Diameter of droplets;
dz is a time step.

K; is evaporation constant (every i-zone has own K)) K. =4-10° Nuy, D, Ps / o

Nup is Nuselt number for diffusion process (Sherwood number). Every zone has own Nup,.

D, is Diffusion Coefficient (every zone has own D)) D, =D, (Tki /To)(po /p)
Dpi depends on Equilibrium Evaporation Temperature T,; and current pressure p;
Ps; is Saturated Vapor Pressure at the temperature T,; (every zone has own pg;).

T,; of i-zone is calculating using energy balance around a droplet (express. of Virubov D.N.):

750
700

T‘ _Tk' 650

Aa (Ti _Tki): D, pSi|:Cf (Tki - T )"‘ Neyap +Cy — 5 ' 600

% 550

500

: . ] 450

where: A is heat conductivity at T,; ; T; is character 400

temperature of i-zone; C; and C;, are heat capacity of 2(5)8
fuel and fuel vapor, T; is injected fuel temperature. 000 5000 7000 9000 11000

Ti, K




Validation of results of numerical modeling
1 cyl MAN test engine D/S=320/440; RPM=750; BMEP=6.54 bar [*]

Diesel-RK: Fuel Spray Visualization
Measuring direction

fAronment

Inj. profile

Cropanue HaumHaeTcs npu CA = 358.5 rpag. OgHako, B pacyeTe He nony4yaeTtca
CTONb PEe3KOoro ckavka TemnepaTtypbl BO (PpoHTE CTPyM, Kak 3TO ukcmpyeT
n3MepeHne, BO3MOXHO B anroputMe pacyeTta He JOCTaTOYHO OLeHeHa CTeneHb
BbIrOpaHWs NapoB TOMMuBa &, B Ha4anbHbI MOMEHT 06 bEMHOro cropanus. Tem He
MeHee, pacdyeTHasa Temnepartypa B 30He opoHTa CTpym bGnmska K
aKcnepmmeHTansHoMy 3HayeHuto. [NosgHee, npu CA > 360 rpag. oTHocuTenbHO 6oneq
ropsivmnin nepeaHnii (PoHT CTPYM YXOAMT U3 30HbI M3MEPEHWS BNepes, U ero MecTto
3ameLaet 6onee xonogHoe SApo CTpyu. (3agHAsa rpaHnLa 30Hbl OpoHTa CTpyM
yaansetcsa 6onee yem Ha 55 mm oT chopcyHkn.) Pukcmpyemasn Temnepatypa B 30He
N3MepEeHWS B 3TO BPEMS OCTaeTCH BbICOKON, OHA 3aMETHO NpeBbILLIaeT CPeaHIoH
pacyeTHyl0 TemnepaTypy S4pa, No KpaHe mepe A0 MoMeHTa BpeMeHu CA = 362
rpag., puc. 13. Otnmyme TemnepaTyp B JaHHOM Criy4ae O0BbSACHAETCH TeM, YTO
Temnepartypa B SApe He paBHOMEPHO pacnpegerneHa no ero anuHe: yem bnmke K
(PPOHTY CTPyU, TEM BbiLLEe TeMnepaTypa. A MIMEHHO ronoBHasa YacTb s4pa nonagaeT B
30HY uamepeHus oo momeHTta CA = 362 rpag., YTo noaTBEPXKAAETCA U pe3ynbTataMmu
BU3yanusaumm pa3BuTnsa CTpyu. B pacyeTHbIX e AaHHbIX urypupyeTt cpegHsas
Temnepartypa no o6bemMy 3oHbl. [o3gHee, npu CA > 362 rpag., koraa B 30Hy
M3MepeHus nonagaeT y)ke OCHOBHOWM 06beM (CpeauHHas YacTb) aapa CTpyw,
pacyeTHas cpegHasa TemnepaTtypa sapa CTpyu NpakTUYeckn coBnagaeT ¢
pesynbTaTtaMmm nsaMepeHuin. B pesynbTtarte cnegyeTt OTMETUTb, YTO pacyeT AOCTaTOYHO
TOYHO OTpaXkaeT TeMnepaTypy BHYTPY CTPYW, @ 3HA4UT M NPOLLECChbl MaccoobMeHa,

IACATIANALIIIAA 4 ArAANALUIAA DLV TNRIA ATNL/IA

* Fridolin Unfug, Uwe Wagner, Kai W. Beck, Juergen Pfeil, Ulf
Waldenmaier, Oguz Celik, Johannes Jaeschke and Juergen Metzger.
Investigation of Fuel Spray Propagation, Combustion and Soot
Formation/Oxidation in a Single Cylinder Medium Speed Diesel Engine /i
ASME 2012 Internal Combustion Engine Division Fall Technical
Conference, Vancouver, BC, Canada, September 23—-26, 2012.



Improved ignition delay calculation

For engines with PCCI / HCCI the existing empirical equations for Ignition Delay prediction can
not be used and Detailed Chemistry Model was developed and implemented.

The Lawrence Livermore National Laboratory (LLNL) mechanism is used for diesel fuel.
At every time step the delay is calculated taking into account:

= Pressure, = Temperature, Calculation for
= Burnt Gas Fraction (EGR), = Air/Fuel Ratio. n-heptane (Diesel)
Surrogate Chemical +C
fuel mechanism

X Measured (Fieweger
et al. 1997)
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)
£
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8
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1000 K/T



Low temperature combustion simulation

Low Temperature Combustion (LTC) Model is used when High Temperature Combustion
(HTC) ignition delay exceeds some value. For engines with PCCI / HCCI the LTC delay &, ¢
is function of HTC delay &,,;c and EGR fraction C:

®,, =8.281+1.02590 . —4.88221n0@ . — [31.602 C

Fraction of fuel burning by LTC mechanism can be calculated with expression derived by
processing published data: |
81.6 8.88

exp® 0O

x™ =(0.102-0.0392 C)-( + 1.2261}

where ®= MAX (6.7, @ 1c).
Heat release of LTC can be approximated with Wiebe expression, as a function of crank angle

@ varied from the beginning of LTC (where ¢ = 0) up to ¢, .

m,+1
%10 (@)= %0 {1—exp| - 2.9957[@
0.

where: m, = 1.2+0.69 C is a mode of Wiebe function;
@, = 6...8 CAdeg is a duration of the LTC.

Citation: Kuleshov A.S. Multi-Zone DI Diesel Spray Combustion Model
for Thermodynamic Simulation of Engine with PCCI and High EGR Level //
SAE Tech. Pap. Ser. — 2009. — N 2009-01-1956. — P. 1-21.




Engine simulation software possibilities

Full cycle thermodynamic engine simulation tool DIESEL-RK has
following features for combustion optimization:

- Any location of sprayers.

Central Non-central
injection injection

- Arbitrary

S p rays T Title hexican Hat
CO n fi g u rati O n I.""Il [ #2 II"".I Top-Clearance at TOC, h_clr, [mm]

Data base of piston bowls is supported.



Interface for specification of few Fuel Injection

General Farameters | Fiston Bowl Design

-~

M Enabled  |Injector B

Injector Design

Systems In one engine

Fuel Systems* | P and NOx Emission

Fuel

Injection Profile | BkK-model Settings

Diesel Mo, 2 -

sed- -
|
|

O: Cust F

General Parameters | Fiston Bowl Design

,

A Injector A

Injectors 2| 1 Z||*
& Injector & Polarangle, deg [] eq
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Simulation of combustion In

Dual Fuel Engine

General Parameters | Fistan Bowl Design | Fuel Systems™® | P and MOx Emission
A\ 1 Fuel System Afor LFO Fuel - -
366"
Injectar Uesian ~ | Injection Prafile | RK-model Setings
Injectors 2| 1 2||*1 | I | o
&: Fuel Swstem & Polar angle, deg [V eq ’
B Polar radius, mm 0 General Parameters | Piston Bowl Design | Fuel Systems™ ||
Protrusion, mm .78 0
I\ * | M Enabled |Fuel System Bfort 331
3 Sprays E;‘]a’t& [deq] [Alpha, [deg]Bore Injector Dasign ~_Injection Frofile
ol | eq M eq l ! .
B: Fuel System B 3 hd d_ MethanOI 389"
T #1 75 0,43
= p - o & Fuel System 2 meal Fuel Mass has to be setin the
. B . ‘Way of Injection Profile Specificat
#3 40 75 0,48 (® Diagram
0
# 130 75 0,48 ' 397
Injection Duration, [CA]
#5 170 75 0,48 T
. Custom Fuel & i £ || Maximum injection pressure, [bar]
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e N #7 110 75 B Fuel System B 2201
. . " 2004 ---— ' ] - : ‘ - :
Every system supplies own fuel: e A S T T R 1| Bcopy
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‘g 1404 .
B - MethanOI E 1201 [F] Settings
5 100 _
2 a0 =4, Fitall
=
DIESEL-RK allows control = &0
= 404
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Intersections 04
D: Custom Fuel 5 -5 D 5 1E| 15 2E| 25 SD 35
;/ﬂ/,f—.—»x i Crank Angle after Injection Beginning, [deg]
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Heat uzed up for evaporation
Grozs HRRE [gimulation]
Grozz HRA [experment]
HRR of Fuel Spst &

HRR of Fusl Syst B

Simulation of
combustion of
Methanol in Dual Fuel [ .
Marine diesel W32

30| - == ofmmmmmmmene e e

Jrdeq.

L1500 ---- - - g -t b
Methanol ;

HRR

Experiment
a0 :

Experim. | Simulat.
20.85 20.65 0

160 164

Free diesel spray tip penetration
SkD of diesel dioplets

SMD of methanal draplets

Free methanal zprav tip penetration
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DIESEL-RK capabillities

Full cycle thermodynamic engine simulation tool DIESEL-RK has
following features for combustion optimization:

- Injection profile may be specified:
e as diagram,; e parametrically (for optimization of the shape).

----------------------------------

5 A
=] - | B
7 ' 4

5 ; :
o J
@

|

.'
[
|

B 8 10 1 2

4 ] g U A
Crank Angle after Injection Beginning, [deg]

i

- Effect of high injection pressure.




Soot formation model

Phenomenological simulation method takes into
account features of sprayed fuel burning. It is
assumed, the soot is formed mainly by two ways:

- As a result of chain destructive transformation of
molecules of fuel diffusing from the surface of
drops to the front of a flame.

- Owing to high-temperature thermal
polymerization and dehydrogenization of a vapor-
liquid core of evaporating drops.

o
ik}
o
i
i~
a8
i}
3
i
@
sl
4
[}
[
)]

In parallel to this, the process of burning of soot
particles and reduction of their volumetric
concentration owing to expansion occurs.

Sauter Mean Diameter (SMD) of droplets is calculating
during injection of every portion of multiple injection.
Evaporation constants are calculated as functions of
pressure and temperature of zones.

SMO, micron,

Diagrams show soot formation in z-engine at Max
Torque point @1500 RPM having split injection:
Pilot injection is 15% and sepatation is 4 deg.
Injection pressure is a pressure before nozzles.




Simulation of soot emission in the diesel
over the whole speed range

g | [ [ [ ]

L\ e |
I"I.‘\‘-h

45
i

Truck diesel S/D=120/120

Power
]

Comparison-between calculated
and experimental data

O Measurement = Simulation



lllustration of high accuracy of ICE simulation
over the whole operating range (1)

llocation of fuel in the zones Allocation of fuel in the =zo

x_f

Envivon.
Jet Core
Pst.Hall T T T T T
Cyl.Head

In/an—— [ ruck diesel;: S/D=140/130 L L

Injection and heat release dx~dCA|

dx/dCh

|
_____....-Q\ .
Power e (100%) | oS, et w73 avnae

363 38 423

E] 485
Crank angle (CAY.,deg:427.2
in the =
_f

Allocation of fuel in the =zones
x

Environ.
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Pst.Hall
Cyl.Head

a
345 355 365 375 38

' 0 Injection and heat wrelease
{50 /} dxrah
@ 0

345 ETT"] 375 398 4085
njection and heat release
_____,—4—— a
345

355 363 375 28
Crank angle (CAY,deg:39

345 368 375 398

Crank angle (ChA),deg:!d403.2
-

Allocation of fuel in the =o

*_

Environ.
Jet Core
Pst.Hall

Rll?cation of fuel in the zones {T.B'::";:'} {100{‘;})’

al
345 3608 373 398
Injection and heat release

. Cyl.Head Arach
e e . | 1400 1800 2100 | l .'

: RPM - T 200 O, aes 05,
g s Click picture to zoom and start visualization

345 2608 EXE] E]
Crank angle (CA),deg:392.2




lllustration of high accuracy of ICE simulation
over the whole operating range (2)

Comparison between calculated and experimental data

Power | | | | | | A isthe relative error
KW Truck diesel: S/D=140/130 - Calcul.
- | y .
A l 7
Pow _ Power _4"100%) |INCHIECER
1990 | 7.
150 | Measur. | Caleul | A%
/ (50%)
Calcul 37% 1 SFC | 258
| %,(?’——f‘* 980
I
ET QP | e | o Lo
—
o SrC |51 | se0 [28

1400 1800

RPM

2100




lllustration of high accuracy of ICE simulation

(3)

over the whole operating range

Characteristic of locomotive diesel S/D=260/260

SFC,

g/KWh
250

230

600 700 300 900

SFC

210
1000 RPM

—— Experiment @  Simulation

Click picture to zoom and start visualization



lllustration of high accuracy of ICE simulation
over the whole operating range (4)

Comparison between calculated and experimental data

Characteristic of locomotive diesel S/D=260/260 4y [ U2 Telilive Gler:

o el 25 1o | iv 33| 0|0
—

3000
7/' (100%)

2500 - i . | Smoke [ S\ eET

2 o 07| o oz 09 1z 2 B
| SFC,

1500 s g/kWh
1000 250
500 230

SFC
0 i 210
400 ] 600 700 200 qo0 1000 RPN
Experiment @ Simulation

Air Flow is the Air flow rate;
T, is Turbine inlet temperature;
Smoke is the Bosch smoke number.

[ Pover [SFC A i 1 smoke

|



Advanced NOx Formation Model

- Detall Kinetic Mechanism

for advanced diesel engines:

= with Multiple Injection or / and with high EGR

= working on alternative fuels: DME, Biofuel
The detail kinetic mechanism consists of two blocks:
- Initial disintegration of a fuel molecule, consisting of 40 reactions with
participation of 10 species;
- the detalil kinetic mechanism of methane oxidation and NOx formation,
consisting of 199 reactions and 33 species.

- Thermal Zeldovich’s mechanism

for conventional diesel engines
« Temperature in a zone of combustion is defined by zone model.
« On each step the equilibrium composition of 18 species is defined in a
zone of combustion.
* The calculation of NOx formation is carried
out with the kinetic equation.

0, 0,, O;, H, H,, OH, H,0,
C, CO, CO,, CH,, N, N,,
NO, NO,, NH,, HNO,, HCN



Advanced NOx Formation Model

- Thermal Zeldovich’s mechanism can not be used for engines with large EGR.

- Detail Kinetic Mechanism (Basevich’s scheme)
DKM is intended for engines:
= with Multiple Injection or / and with massive EGR or/and with PCCI,
= working on alternative fuels: DME, Biofuel, etc.

The detail kinetic mechanism consists of two blocks:
1) The Initial disintegration of a fuel molecule, consisting of 40 reactions with 10 species
2) The detail kinetic mechanism of methane oxidation and NOx formation, consisting of

199 reactions with 33 species
« Temperature in a zone of combustion is defined by zone model.

Measured NOx and simulated NOx with Zeldovich and DKM
a) for 1 cyl. diesel engine S/D=66/82 mm) and 3600 RPM. b) 4cyl. 2 liters light duty diesel with
max BMEP=26 bar (massive EGR)

NOX, ppm

2500 I " 2500
Zeldovich

2000

1500

c
°
=
5

]
E
7]

1000
500

(3
U o o oA
1000 2000 3000 0 1000 2000
Experiment Experiment




Simulation of combustion in diesel with
different strategies of fuel injection

Comparison between calculated data and experimental ones
published by M. Bakenhus & R.Reitz: SAE pap. N 1999-01-1112

Single Inj. -12.5 deg
Case: H1 Exper. ||
Simulation

Heat release rate

E —--g-- Caze: #E Exper
o[ b Simulation

—--g--  Caze: 4 Exper. |1
---b--- Simulation

: - Casel {2 Exper.
1 —-d-- Simulation ]

Hesat release rate

Heat release rate

et S B |
' . 390 405 Rl = :
3r 280 Crank Angle, [dea.] 420 b

g Caser #7 Expern |
---d--- Simulation
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-=f--- Simulation | ; : i | g Caser #5 Exper
: : V] ---d--- Simulation

Heat release rate
Heat release rate

N o

eI

360 270 280 390 340 e R e A e
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Simulation of NOx formation in diesel with
different strategies of fuel injection

Comparison calculated data with experimental ones published
by M. Bakenhus & R.Reitz: SAE pap. N 1999-01-1112

Caterpillar 3401

D/S=137/165; ¢=16.5
BMEP=10 bars Experiment |
RPM=1600, Calculation

Injector: 6x0.259x125

Single Single Single Double Double Triple Triple
Case 1l Case 2 Case 3 Case 4 Caseb5 Case 6 Case 7
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PCCl modeling

Diesel-RK: Fuel Spray Visualization www.diesel-rk.bmstu.ru

Dyt O5 Englne

Spr.Core Peugeot DW10-ATED4
featael D = 35 mm S =88 mm
RPMnom = 4000;
Injector: 6 x 0.14

Triple pilot injection;
pilots fuel fraction: 28%

RPM=2600 BMEP=8.7 bar

Experimental data were published by:

Gary D. Neely, Shizuo Sasaki and Jeffrey A. Leet "Experimental
Investigation of PCCI-DI Combustion on emissions in a Light-Duty Diesel
Engine" SAE Pap N 2004-01-0121, 2004



It is possible to define
duration and fraction
of each pilot to avoid
the hitting of the fuel
on the liner

Peugeot DW10-ATED4
(4L8.5/8.8)

RPM=2600

LTC: Low

Temperature
Combustion

HTC: High
Temperature
Combustion

-
-

Heat Release Rate, 1/

PCCI modeling

350
CA  Crank Angle, deg

s ‘?_
-

v




PCCIl modeling

If Large Drops injected at the end of every portion have not enough time to be evaporated
completely the Air/Fuel eq. ratio being responsible for ignition delay is 1 (left diagram).

If the Large Drops are evaporated The Air/Fuel eq. ratio starts to grow up to total value being
character for whole cylinder; it results in: preparation of fuel to selfignition slows down. First portion
being ignited will have Integral reached 1 first..

Peugeot DW10-ATED4 (4L8.5/8.8) RPM=2600; BMEP =8.7 bar; Triple pilot: 28%
Injection timing : 70 deg .BTDC Injection timing : 90 deg. BTDC

= E 0.04
5 0o 2 03
o T 002
= T ootf-+
oL
. 12
_; 08f---- AirFuel Ratio i 09f-:
T nEle---- resnosible g 0e
£ g4l.... forlonition delay g -
= ; - 03
DE_ ______________ e [ - i :
DSIE—"—" : ; : Oe=s
1 1 ] EI:I .
c g0 -f---- ) 5
= gob---F-4-----F--F------ = &0 . .
E E_ k-4 0---4 4§
fa] 0~ [ 0
T 1 1 E
E M- USRLL F J—— . o ' o 20
1 PilotIni. 2 Pilatinj. 3 Filotinj. ; ; 0
. NG 350 385 o= 3
= I
Crank Angle, deg. EE 25
: : TS5 2
Livengood — Wu integral of = 5
=
. . <L
Ignition Delay: 5

Crank Angle, deg.



PCCI mOdeling ‘g_ 0.04 i --g--- Experiment
E% 0.03
Peugeot DW10- § oo ; 1 N
ATED4 E[F'_:: 0.om 1" .............. .'\"1;:‘::%;':-‘.; ........ .......
(4L8.5/8.8) - IO S bV~ /" SSSS Se e .
B R N
RPM=2600 £ > [ | S S —
Double pilot 15% - X 2 R i S S
300 330 360 390 420

- - )
LTC: Low ~~ T~ { S
Temperature —; - ﬁ_ '

Combustion

HTC: Hign

Temperature

Combustion \ l/ ._\ _/ '
/i /i)
Experimental data were / :\ /4 : \‘ :

published by: : . .
Gary D. Neely, Shizuo Sasaki and Jeffrey A. Leet '‘Experimental Investigation of PCCI-DI
Combustion on emissions in a Light-Duty Diesel Engine" SAE Pap N 2004-01-0121, 2004




Data base of fuels and Gas engines simulation

User can create own fuel and save one in the data base.

-- Blends of biofuels with diesel oil are supported.

-- Arbitrary mixed of gases are supported for gas engine. Properties of mixture are calculated
automatically

. . . . . Froject Fuel Librany Swstem Fuel Library
It is possible to set individual SincalNo_ 2 |.__| 4 B,
. AEsEl MU, o . - oFue
fuel for every operating ——
mode. It allows presentation a
of en_glne parameters a_s_ Froject Fuel Library Swstem Fuel th_ur.j.r_,,.
function of fuel composition. ins 5 — e
EIIITIJI-'l HE B40 _ : .
. e
List of gases ——
o Hydrogen
02 Oxygen i : .
N2 Nitrogen Project Fuel Library Systermn Fuel Library
9 Fuel Title Fuel Group Class F | Title
H20 Water Vapor ~d | [552¢CH4+35%C02+10%H20 Bio Gas G 55%CH4+35%C02+10
CO2 Carbon Dioxide vy
CH4 Methane
C2H6 Ethane i
C3H8 Propane - Composition (mass fractions)
C4H10 Buthane L H
a: .4235 0.05767
CH30H Methanol Ape || 045 -

CH3-0O-CH3 Dimethyl Ether
C2H50H Ethanol

sulfur fraction in fuel, [#:]

afing Yalue of fuel, [hM.Jfkag]



Variable Valve Flow Coefficient as

Lift / Timing Analysis

a function of Valve
Lift

0,46
EHVA (Electro  Solenoids  PTESSU® ;o ;o eficiant in equation: o

Eff_area=Cf* 3.14*Du*Ly Satl et ‘

[ D5 D e e s O3 Ra B A
Ly / Dw

Hydraulic Valve N
/ Actuation) contro;;?‘.-, g
e 2

Solengids
Ty s 4 o Units o

Pressure e

O vaive it ——rbil R tode #1 bMode #2 Mode #3 || Mode #4 tode #5 4 b
s indication 1l D‘4; I‘ = |
' _{-:? Pressure 15 Actual number of working Yakes 2 ﬂ
sensor
0 tdaximal Walkse Lift, Lw. mm 15,6
=
= Diagram of rated “alve Lift
E 8 [v] Asymmetrical diagram
Exhaust side | 4 —< = : ,
=N T4 [ Opening (13 ] [ Closing (2 ]
Yalve Opening on the line (1), deq. 21
BTDC

o )

Valve Lift Diagram with variable
valve actuation can be set
IndIVIdua”y fOf every C.)peratmg Contral of Valke Dwell (atlines 3-4)
mode. Resulted Effective flow
area diagrams:

“alve Closing on the main line (2), deg. oF
ABDC

Contral of Yalve dwell
apecification of Dwell Baginning of %alve (&t line 3)
O Set Period Pd3 before Phase of Walve Closing (at line 2), deq.

(O Dweell the Walve on Fixed Lift Ld, mrm .64

(*) Dwell the Valwe on Fixed Rated Lift: Ld/Lw

Curation of valve dwell, Pd4, deqg. 75

Tatal Phase of Valve Clasing, deg. ABDC 100

Diagram of %alve Lift during its Closing at line (4) et Ld = f{CA)

Crank Angle, deg.



Detall temperature fields of engine components

[oj Cylinder-Piston Assembly

Database Froject Cylinder-Piston Assembly

Part type Shketch lModeI] WMash ] Piston and Rings * | Cylnder Liner and He | *
[ALL |
Manufacturer _/ / ( — =

[ AL |

le

Account of i 2 e —
walls local T \J@? I r
temperatures ﬁ N

at in-cylinder |i* J N

. . Node number (see picture)
Cast iron piston

m

processes
simulation.

Combustion Chamber Heat Exchang,
81—

—

ot — 53 —]
Simultaneous [iEHdass }:s 5 >s4 B
simulation of | Y 55,1/

t Fadial gap fire land 51, mm n.2z
hermo-

A H Fadial skirt gap 53, mm 015
dynamic -

Fadial skirt gap 54, mm

processes Fadial Ski.rt gap 55 mm 01
th FI n I te %Fﬁ Length ratio H1/HO, rmm 0.7
Wi 0 9 - L . :

- 52—l

=

e
\
H

Fadial gap fire land 32, mm 01§

EIER S

Element ¥ OK

AEWAIES ﬁ ﬁ

Drag & drop to Boundary conditions
Data base of engine assemble any and materials
parts is included combination of parts properties data base

Mesh is generated
automatically

|

Result temperature
field is used for
evaporation simualtion



Link DIESEL-RK with another Simulation Tools

Run DIESEL-RK kernel under the
control of external codes

Diesel-RK
solver

External code




Engine parameters optimization problem

Optimization objectives: 1. Decrease of SFC ~ Z, = SFC = f(X) = MIN

2. Decrease of particulate matter emission (PM) and
nitrogen oxides emission (NOx) together.

k1 k2 k3
Z,= SE = MAX|1, NOX |\ 4 opax| 1, EM ) | 2EC () MIN
NOx, PM SFC, where index “0”

means required

3. ... etc. values.
Arguments: - CR - Compression ratio; |
(independent n, dn - Number and Diameter of injector nozzles;
variables) _ ¢, 0 - Injection Duration and Injection Timing;
X = PR, EGR, Valve timing, Bypasses, etc. >
InjProf - Injection profile including strategy and parameters of multiple
injection;
PistBowl - Piston bowl shape;
o, - Injector nozzles directions in both planes. J

The structured arguments: Injection profile, Piston bowl shape, Injector nozzles design are

assigned by user and may be varied by sequential retrieval.
Limits: ) .
(restrictions) — Pz - Maximum cylinder pressure (Pz < 150 bar);
— Pinj - Maximum injection pressure (Pinj < 1500 bar);
Tt - Temperature before turbine;

SFC. etc.



Solution of engine parameters optimization problem

1D problem: [Z,=SFC =f(X,) =) MIN;
example
X{=EVO
Method: 1D scanning | Decision is made by user
T EVD Ex h:.u it 4 aly TE:II:Iper'uinglf;ln-:lleg. I:-Eh:-lr?élElElE

2D problem: . T TN
= SE (PM, NO) = : :
example 2 ( ) ( 1 2) :>

Xi=¢ inj dur X,=0 inj tim - Y= Pin; < 1000 bar;...

Method: 2D scanning | Decision is made by user

DIESEL-RK carries out the Drag and drop 5
simulation of ICE in the nods of technique to plot 3D
orthogonal grid. diagrams and plot

X7 . ~ isolines.

1
|_. II'I__‘|||||—

g Jni=d2 |'|'

Xy
Number of nods and space are selected by user.



2D scanning results presentation

The results of scanning may be displayed as 3-D diagram
and i1solines &3 3D diagram

(P F
2D Soan: EVC and IWA ﬂ ﬂ

L/F eq Lir

F_endg Pis WwFC = 072794

P T T T Sy R




Multidimensional optimization of engine parameters

Engine 8 parameters

optimization at full load point.

8D optimization of engine

parameters.

Limitations: P,,, < 200 bar.

Injection rate, emas

dp/dCA < 5 bar/deg.

Optimization results at rated power

asof:

Bafura :
. optimization %
.;....................f..i.....

Paramsters for L )
forward front specification

\ Required proﬂ_le

-~

I T e Iﬁ_ .

1 & 12
Cam shaft angle, deg.

Optim. particip. | Engine process param. Values
result Inject. profile (fig. 10) | curvec
parameter IVC, deg. B BDC 10 10
parameter Injector nozzle number 10 0
parameter Umbrella angle a. deg. 75 75
independ. var. #1 | Compression ratio, CR. | 14:1 | 13.5:1
independ. var. #2|Inj. nozzl. bore, dipy. mm| 0.449 | 0.457
independ. var. #3| EGR 0.14 | 0.121
independ. var. #4| Compressor, PR 58 587
mdepend. var. #5|Inj. pressure. p;,; . bar 1596 | 1601
independ. var. #6|Inj. im.. ©,,;. deg BTDC| 9.2 10.2
independ. var. #7| Shape factor ¢ 4; 30 4.02
independ. var. #8| Shape factor i 0.6 0.64
parameter Shape factor ¢ 4 1.7 1.7
parameter Shape factor ¢ 4 1.5 1.5
restriction P mae. Dar 2026 | 196.5
restriction dp/d¢, bar/deg. 496 | 3.82
obj. func. part #1 | NOx, g’kWh 2.89 30
oby. func. part # | PM. g/kWh 0.0184| 0.0153
obj. func. part # | SFC, g’kWh 2042 | 2052
result T Jiner 70 0 1.33

QAE | i~ rnational]




Solution of engine parameters optimization problem

Multiparametrical optimization

nD problem: g - .
SE = Max| 1LY x|, 22 [ 2EC ) ) MING
example NOx, PM, SFC,

Method: rﬁ Optimization
Mu |’[| p aramet ri C Hoal Function | Independent variahles
0 ptl m I - atl on b y Select algorithm for Multidimensional search

means Of nonlinear Zero order methods First order methods
. Hooke - Jeewes method lest descent
programming * telescent

EBastrictions | =earch Procedures

Cn-coordir zcent method

Folak - Ribk
Wi Frojective method of Mew
Library of DIESEL-RK Stochastic methods
inc| udes: konte-Carlo method

15 Proce d ures f or @) Farticle Swarm Cptimization = thad 3
B *marson method 3
Multidimensional

Optimum SearCh and Select algarithm for One-Dimensional search DeC|S|0n |S made by
_ C ic imation method .. .
4 Procedures for optimization procedure

O ne- d | mens | on al Qs oximation method with localization of a wvalley )
nacs methoc because graphic
SearCh. @) Fibonacci method ( g p

hdethod of a gl:llleeﬂ sectian Iﬂterpretathn Of reSU|t |S
impossible).

lghare restrictions at start paoint (use carefully)




Calibration of the combustion model of light duty diesel

Point

RPM

BMEP, bar

AIF eq. at comb

EGRLP

EGR HP

Mass Gas Flow

from tail pipe, kg/s 0.0927
NOx, ppm 1518

Comparison of
experimental and
measured HRR
and in-cylinder
pressure at
different 10 ‘
engine operating Smion
points. o

A/F eq. at comb

EGRLP

EGR HP

Mass Gas Flow

from tail pipe, kg/s 0.1479
NOx, ppm 1392

HRR & Inj. profile
HRR & Inj. profile

~-a- Simulation
b-- Experiment |:

Pressure

]
o
=
w
o
o
et
o

All empirical —
. . ; : y : : =N : Point #14 : : : :
coefficients are SN S - - -| RPM 1000 s e s P\ o

BMEP, bar 14

same for each AFF eq atcomb 112 e, bar
q AJF egq. at comb
. EGRLP 0 EG;E; cem
point. EGR HP 0.00022 EGR HP
;“’1535 G'Ias' Flov: s 0.0249 Mass Gas Flow
r\rlcé)m tail pipe, kg's 024 from tail pipe, ka/s 0.0483
X, ppm NOx, ppm 127

HRR & Inj. profile
HRR & Inj. profile

Simulation

i | =a- Simulation
b--- Experiment

Pressure

Pressure

Crank Angle, deg Crank Angle, deg.



Calibration of the combustion model of light duty diesel

Comparison of
i : : A : Paint #17 : : : Point
experimental : : e e ‘ : : ‘ RPM
- ‘ - ! BMEP, b 4 : ; ; ' BMEP, b
and meaS!Jred AF eq. a?rcomb 2.54 AlF eq. a?rcomb
HRR and in- EGRLP 0.233 EGRLP
. EGR HP 0.1833 EGR HP
Cy“nder Mass Gas Flow Mass Gas Flow
from tail pipe, kg/s 0.0135 from tail pipe, ka/s
pressure at NOx, ppm 38 NOx, ppm
different 10
engine
operating
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Calibration of the combustion model of light duty diesel

Comparison of R"2=0.9925 Air flow, kg/s R"2=0.9608 Pmax, bar
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engine 016
parameters at 014
different 137
engine
operating
points.

—_—
a
o

0.12

Simulation

-
o
(=

Simulation
(@]

100

Experiment

All empirical _ 01
coefficients are Experiment
same for each

pomt. RA220.995 IMEP, bar RA2=0.9941

BMEP from balance, bar

N
a

N
o

Simulation
o
Simulation

Va

10 20 10 20

Experiment Experiment




) ) [ [
Al alld 0 0]0 0 U ome
Heat Release for Case 1 Heat Release for Case 2
0.04 0.035
0 )d 9 9
0.035 0.03 '/N :
C )E C C C O 0.03 N / — Diesel RK Case 1 A l H\ \ —— Diesel RK Case 2
. \ —— Experimental 0.025 —— Experimental —
O 0.025 \
0.02
NAald QTE > 0.02 ' \] UM |
0.015
|
0.015 AL
different 10 engine N 4 N
0 a 0 0.01 l U l 00t V V
2 g [ T
. MﬂAnA 0.005 'ﬂ/\/\r
L T,
0 Pt T T L 0 oo T T T T
340 360 380 400 420 440 340 360 380 400 420
-0.005 -0.005
Heat Release for Case 3 Heat Release for Case 4 Heat Release for Case 5
0.04 0.08 0.04
0.035 . 0.07 0.035 A\
008 — Diesel RK Case 3 0.06 008 J A
e —— Experimental — . M V \
0.05
0.025 + 0.025 bt
VA s )
0.02 ¥ - o002 {
[ 0.03 Ly ’V N
0.015 VM 002 '% IV 0.015 VI W\ A
\i
M 1 J N
0.01 f 001 V T 0.01 : %\r‘\m
0.005 /\\,'w U V 0.005 -
\ 0 +=— T T v ¥ V&W\\Wv
0 =A 0 0131 0 360 380 400 420 440 0 WA
———— T T T -0. —— T T T T
340 360 380 400 420 440 340 360 380 400 420 440
-0.005 -0.02 -0.005

440

— Ex




Calibration of the model performed by GM

Comparison of

Heat Release for Case 6
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Comparison of the thermodynamic engine simulation programs

Accessible Functions for Engine Analysis

» Difference between

the cylinders

* Transient operating
modes simulation

* Analysis of Noise

* List of easy diesel
combustion models,
including Hiroyasu

model & user model.

* Link with CFD spray
model using KIVA
code.

* Link with valve train
simulators, etc.

* Overall Engine Analysis
» Steady state operating modes
* Turbocharging analysis
* Gas Exchange analysis
* Heat Exchange analysis
* Valve Timing optimization
* 4 stroke & 2 stroke engines.
* Junkers and OPOC engines.
 Zeldovich NO formation model
* Thermodynamic EGR analysis
* Export/Import data via clipboard
+ 1 parametrical researches.
» Account of the swirl at

spray behavior simulation
* Phenomenological Soot model

Existing
commercial
engine

simulation tools

Specific functions

\_

» Express engine analysis (function of automatic
engine design prediction & empiric coefficients
setting for the case of data deficit)

»Gas Sl engines with prechamber (arbitrary gas)

= Automatic Multi Dimensional Optimization

= 2 parametrical researches I

» Advanced multi-zone DI diesel spray
combustion model:

= Optimiz. of Piston Bowl Shape (& Data Base

of piston bowls & advanced graphic interface)
= Optimiz. of Injector design including central &
non-central sprayer as well side injection
system (& 3D Fuel spray evolution visualization)
= Account of adjacent sprays interaction in volume
and near the wall.
= Optimiz. of multiple injection strategy and
PCCI strategy (& advanced graphic interface)

» Detail Kinetic Mechanism for NO formation
(199 reactions 33 spec.)

» Bio-Fuels and blends & Data base of fuels

» Detail Chemistry (LLNL mech. 1540 reactions) |at

Ignition Delay simulation (PCCI / HCCI).

= Run under control of another software tools

= Counled thermodynamic simulations with FEA

ow the local waittemperature effect

gration)

DIESEL-RK:
Specific functions



Additional options of DIESEL-RK

Simulation of GAS and DUAL FUEL ENGINES.
- Injection of WATER;

- Ignition by pilot diesel injection into PRECHAMBER

& : el \ i [ Bl

A

General Parameters | Pistan Bowl Design | Fuel Systems™® | P and MOx Emission

— Gﬂs A~ * | |Prechamber ~ | |Diesel precup Diesel Mo. 2
'\/-\) ( 63 Prechamber design | |nj . i

PR — .. an | Injector | BK-model Seftings

i T —

A& Gas into manif

MNMumber of Diesel prechambers -

Radius of Top Sphere. 11, mm

| B~ 5 /
( Fiadius of Bottom Shere rZ, mm .
- Water inta par Distance between Spheres Centers, H, mm .
EH NNl i i .. g Diameter of Prechamber Nozzle, d. mm
I

C B: Water into por
Length of Prechamber Mozzle, |. mm d
C Inclination of precup nozzle to precup axis, alpha,
deqg ’
C: Diesel precun Diameter of Prechamber Nozzle Qutlet, di, mm

C: Diesel precun

Mumber of Prechamber MNozzle Qutlets o

C: Diesel precup Inclination of Prechamber Axis to Cylinder Axis,
namma, deg

Prechamber “olume, [cc)
Protrusion of Injectar Mozzle, h, mm

0
D: Methanol ' z ) Offset of Injector Nozzle, a, mm

D: Methanaol

0 Methanol




