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The firs soviet steam track NAMI-012 designed in 1949
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The track with wood gasifier ZIS-21A (series production 1946-1952)

Number of cylinders — 6

Swept volume — 5.55 |

Power — 33 kW

Maximal speed — 50 km/h

Wood consumption 110-165 kg/ 100 km
Carrying capacity - 2.5t
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Mobile plant for producing of synthetic fuels from natural and biogas
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Total life cycle assessment of different fuels




Total life cycle assessment of a vehicle working on different fuels (flow diagrams)

Buifipoce:

Cwowe B Gncnnyataomess | Motogeos
Y waTapHAr oo
— — ) f >
KM
= Saeanes S i3
5 aupysaoya caeny] (rormea) \k\ |
RN All |,'-r'
Il
Y [ | o | 5:|
aepran
e —— w\' rrrrrrrrr ) {
Al2 I |
. > ¥ LI — T
Tonn / \ \l ! >
[~ +
| Al3 Jll l&\
3H lﬂ
Ald
Y -]
> pET [ S
epran P g ¥
fenipaal - - L, als |
| . i
o)
[ N
» AlG | Ly
280 a1 [Hauwenosanme: CTaAMA MpOM3EOACTER [TEEEE

Cripbe
Ve
/
Y
MoNHBLIA MHUIHEHHBIA UK KTC
T » AD \ »
\ \
IHepriA BHepr4A
Yaen: A |HaMM9HOBaHMe: TONHBEIA HUZHEHHBIA Lk |N0.: et 1
Diagram of Total Life Cycle (TLC)
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Diagram of operation stage
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Diagram of recycling stage

Diagram of production stage
A mathematic model of TLC of the power unit working on CNG in fotal

Input flows
Raw material resources, kg:
(B2) Mz =M_ +M .
Energy, MI:
(33) B =EL T EL..

Output flows
Harmful substances, kg:
G MZ=MT_+MZ_+M7 1mm

Energy to the environment, MI:

(35) E* __ =E™ _+E™ __+E™
Energy (useful work), MI:
—ET

(36) EZ,



Total life cycle assessment software CarLCA 3.0 developed in NAMI
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Total life cycle assessment software CarLCA 3.0 — database and input data windows
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An example of total life cycle assessment of biofuels (input data)

Biodiesel
Flow Diesel
B20 B50 B100

Input
Diesel fuel consumption, g 240 196,4 127,1 0,0
Biodiesel consumption, g 0 49,1 127,1 270,3
Output
Brake work of an engine, kWh 1,0 1,0 1,0 1,0
Waste heat, MJ 6,4 6,4 6,4 6,4
Emissions CO, g 2,1 1,911 1,638 1,155

CH, g 0,66 0,5742 0,44 0,24

NOx, g 5 5,075 515 5,30

PM, g 0,1 0,088 0,08 0,06

SO,, g 0,036 0,0288 0,02 0,002

CO,, g 773,3 7747 776,8 780,8




An example of total life cycle assessment of biofuels (results)
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Project: Research of the environmental, energy and economic efficiency of the use of biodiesel in diesel engines for the conditions of the
Russian Federation (2007-2009)

Simulation of working Development of components Experimental research of an
process on biodiesel fuel engine
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Project: Research of the environmental, energy and economic efficiency of the use of biodiesel in diesel engines for the conditions of the

Russian Federation (2007-2009) - biodiesel filter research and development
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Project: Research of the environmental, energy and economic efficiency of the use of biodiesel in diesel engines for the conditions of the
Russian Federation (2007-2009) — results of an engine tests on a motor bench

Motor Bench Engine Test Results
) ) 7 GF’
% EﬂrérQ —@\ / / Heavy Duty Engine: K/
3 uo 7 o
5\% — o V6 turbocharged 40 e Ty
Brake power 174 kW (2100 RPM) . I e Mol
. N . 20 s el 1400
] , Distributed Fuel system o | e e P
Nﬁ Emission level Euro-lll f/,/_G///D“" o0s
i ¢ l,,...---"""' o P i A 800
_— g,
- SN o r/’xkBru
\ \\\\ 600
P r U CTTT— 500
i N
i et - 300
s = s 200
100
NO— o e 2 70
—c L/_.g__,// [ 20
. 7/-' 15
P 1 Ky —== 10
e lo...... D -G 5
0.2 0.4 0.6 0.8 Py I\IOII:I
—— aT
...... ] B100



Project: Theoretical and experimental research of the physical, chemical and chemotological properties of biodiesel fuel in order to

improve climatic behaviors and fuel stability (2010-2011)

Tested fuels:

1. Diesel (GOST R 52368-2005)

2. Biodiesel B5M (with additives)
3. Biodiesel B20M (with additives)
4. Biodiesel B100M (with additives)

Determination of the stability of
biodiesel fuels in storage and
transportation

Determination of the stability of
biodiesel fuels when working on
the engine - the tendency of
fuels to coking of injector
nozzles

Determination of cold
filtering limit temperature

Test bench NAMI-2DK

Determination of the stability
of biodiesel fuels from
stratification at low
temperatures

Developed a package of additives for
biofuels:

Washing: dosage - 0,025% vol.
Depressor-dispersant: dosage - 0.05% vol.

Achievements:

Lower working temperature:
B5M: -30°C

B20M: -27°C

B100M: -20°C

Tendency to coking:
B5 B5M

B20 > B20M > Diesel
B100 B100M

Stability at negative temperatures:
Stratification of fuels during storage is not
observed.

Filterability limit temperature:
B100: -12°C
B100M: -22°C




Project: Research and development of fuel supply and control systems for the modernization of conventional medium and high-speed
diesel engines for using of different alternative fuels (2013-2015)

Experimental diesel YAMZ-6566

Cylinders number 6
Swept volume 11,15L
Compression ratio 17,5
Bore/Stroke 130/140 mm
Engine weight 1450 kg
Brake power at 1900 RPM (on diesel fuel) 197 kW
Maximal torque at 1100...1500 RPM 882 Nm
\ Z 4
Biodiesel fuel system Dual-fuel natural gas and diesel fuel Dual-fuel natural gas and DME system
system

Targets:

» decreasing of smoke — 15-20%,

» decreasing of NOx emission - 5-10%,
» increasing of efficiency — 2-3%.

Targets:

» decreasing of smoke — 30-40%,

» decreasing of NOx emission - 5-10%,
» increasing of efficiency — 2-3%.

Targets:

» decreasing of smoke — 50-60%,

» decreasing of NOx emission - 15-20%,
» increasing of efficiency — 1-2%.




Simulation of the performances and emissions of a diesel engine using conventional and biodiesel fuels
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The use of biodiesel fuel makes it possible to reduce emissions of carbon monoxide by 1.8 times and particles
2.2...2.3 times with the same brake power, while increasing emissions of nitrogen oxides by 6...10%



Simulation of the performances and emissions of a diesel engine using conventional diesel, biodiesel fuels and their blends B20 and B50
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The mass fraction of biodiesel fuel in a blend with diesel was varied from 20 to 100%. Then more biodiesel we
use than more NOx emission and less power and particle emission we observed in simulation results.



3D Simulation of in-cylinder processes of a diesel engine using biodiesel fuel

o Mass fraction:
E AVL FIRE® ESE DIESEL NOX PM
Sketcher

Piston | Injector | Block structure| Selections | Const CR| Piston shape

5 T Piston geometry parameters i rin——w.u-,n-ﬁ i L0 8 deen et u-._-»-a i i”“”"“"lﬂ
SRR pame TOC [miclearance gap 000100 |~ 73 0 e > ha.P 7710 e > et PRy eenp— ’ = 5 - . =
st : : [ S [ T T

— Oa fm] aster bow dameter (05000 | ! B ! s . e gy gy gy

Repot generator Di [rn] innver bowl diameter [0.08780 w I—”_I W
T [m] bow center depth (000680 | a
RI (] radius [oom0s0 |
R2 [m)] radius Jo.omso
R3 [m] radius [oo3m00 ]
51 [m] distance [o00000 |
R4 [m] radius 000800
RS [m] radius ?E}Ej

T [m] bowl depth 001675 - iv--—-s- u—_---a i ii'-‘—_ -._t.-i 4 =~ ii"'._E h-_'--a
52 [m) distance 0026688 .| e 443 s ¢ 0 A 08 Lt 300 e 100 e N S s oot h e . “am 0 ca

Template picture b S

N R
'TIJ R2
R
n;\\ X’ g )\4
N Ry
0o Bowlvolume [m3] 8652716005 I~ Display / edit characteristic points

Actusl compe, ratio [-] 196213

e T et P e ——— e - -




The scheme of the common rail fuel system for the operation on biodiesel fuel
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- high pressure fuel pump; 9 - fuel rail; 10 - injectors; 11 - emergency valve; 12

‘1
1 - fuel tank; 2 - fuel intake device; 3 - fuel prefilter; 4 - fuel pump; 5- fine fuel filter; 6 - electronic control unit; 7 — fuel pressure regulator; 8

and fuel temperature sensor in the fine filter; 15 - pressure and temperature of intake air sensor; 16 - camshaft position sensor; 17 -
pressure sensor in the rail; 18 - coolant temperature sensor; 19 - oil temperature sensor; 20 - crankshaft position sensor

low-pressure fuel line; 13 - high-pressure fuel; 14 - pressure



Design of the common rail fuel system for the operation on biodiesel fuel




High-pressure fuel pump for biodiesel fuel

High-pressure fuel pump test results

Camshaft | Pressure Rail Outflow,

Test mode RPM regulator | pressure, I/h

current, A bar

\EVUUEIRITEL 950 0,4 500+20 2446  241,2

Maximal torque 600 0,4 1600£20 140,0 153,6
M

Kpmax

Fuel supply is OFF 950 1,72 0 0 —



Pre-Filter dehumidifier for biodiesel fuel

Variant 1 Variant 2
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Pre-Filter dehumidifier for biodiesel fuel




Experimental research an engine and components of fuel system for biodiesel fuel

Motor bench

Motor bench scheme
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Test results of the engine working on diesel and biodiesel fuels
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Test results of the engine working on diesel and biodiesel fuels

NOx, ppm
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Test results of Pre-Filter dehumidifier for biodiesel fuel

Parameters values

Parameters Technical requirements Test results

Variant 1 Variant 2
1.Hydraulic filter resistance (with separator) at a fuel less than 0,030 0,0136 0,0137
consumption of 5.0 I/min and a swirler with a blade
angle of 10 degrees, MPa
2. Filtering efficiency, % more than 30,0 43 42
3. Nominal (95%) dropout rate, um, not more 30,0 23 25
4. Completeness of water separation by the filter - 85 84

(with separator, without filter element) at a fuel

consumption of 5.0 I/min and a swirler with a blade

angle of 10 degrees,%

5. Completeness of filter water separation (with more than 95 98,5 98,5
separator and filter element) at a fuel consumption

of 5.0 | / min and a swirler with a blade angle of 10

degrees,%

6. Filter tightness with air pressure 6.0 bar hermetical >6,5 >6,5



Design of the DME common rail fuel system for dual-fuel engine




Components of the DME common rail fuel system for dual-fuel engine

Dimethyl ether balloon




Components of the DME common rail fuel system for dual-fuel engine

Low-pressure pump for dimethyl ether Pre-filter for dimethyl ether Main solenoid valve

Lubricator




Experimental research of dual-fuel engine

Motor bench scheme Motor bench control desk with DME and NG flow meters
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On-going researches on simulation and optimization of biodiesel engine
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