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na alternativni paliva

WP11:Navrh a optimalizace provozu inovacnich motor{l na alternativni paliva:

EV/AV pro SVA prioritu [A]
Vedouci konsorcia podilejici se na pracovnim balicku
AICTA Design Work, s.r.o. — Ing. Jindfich Horenin

Clenové konsorcia podilejici se na pracovnim bali¢ku
Ceské vysoké uceni technické v Praze — Ph.D. Marcel Skarohlid

Hlavni cil balicku

Navrh motoru na plynna paliva a pyrolyzni plyny

Dilci cile balicku pro nejblizsi obdobi

WP11A05 Zkousky funkéniho vzorku motoru

WP11A06 Optimalizace rozmért parniho stroje zalozené na simulaci parniho obéhu.

WP11A06 Vyhodnoceni parametréi motoru z experimentu a re-kalibrace simulacnich modeld.

WP11C03 Optimalizované parametry spalovaciho motoru a parniho stroje.
Modul pro nizkoteplotni cykly v systému DASY 1.6.2017
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_Popis" Inénl' balicku WP 11: Navrh a optimalizace provozu inovacnich motort

na alternativni paliva

*  Spalovaci motor:
*  Plynovy motor zazehovany naftou
*  VI12-190 x 215 mm, € 14.5

Pplnici voda P >
Vymeéniky olej vzduch  motor vyfuk PREHRIVAX CHLADIE DLEE o DENZATOR
Obj. pI'fltOk m3/h 45 5907.5 60 L VFUKOVERLYNY e v l CHLADICIVER
hm. priitok ke/s 10,888 1,969 17,167 2,028 — . | m
T1 degC 82 108 78 470 M narisecl
T2 degC 75 55 74 150 —— s i
energeticky oy
tok H® kW 162,45 105,79 288,18 778,67
Energeticka oo
bilance % 5,74% 3,71% 10,18%  27,50% 140000
Economizer 1 Economizer 2 Odpaiovak piehiivak
me keg/s 0,25 0,25 0,25 0,25 o
T2 degC 108 2124 2124 400 g 800,00
T1 degC 81,3 108 2124 2124 T o
H* kW 30,46 119,13 472,45 149,68 20000
Energeticka '
bilance % 1,08% 4,21% 16,69%  5,29% o
fluid WATER K " 0 " o . o
psteam 20bar T satsteam 212,4°C o ra
pcond 0,5 bar T sat steam 81,3°C ok T Pk yodamoter i TOTL T T TOTRL sem o o
T A ::3
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Popis pInéni balicku WP 11: Navrh a optimalizace provozu inovacnich motort
na alternativni paliva

Navrh geometrie pistoveho parniho stroje

sttedni

zdvihovy litrovy pretlak pistova
vrtani  zdvih zdvihovy poCet objem  vykon vykon pary otaCky rychlost

typ motoru [mm]  [mm] pomér  valcu [I] [kW]  [kW/] [bar]  [1/min] [m/s]
lokomotiva fady 556 550 660 1,20 2 627,22 1500 2,39 18 303 6,67
2 valec 221 328 1,48 2 50,33 1825 3,63 20 500 55

1 valec 380 450 1,18 1 102,07 182 1,84 20 250 3,8

[bar] 20 1
[°C] 468.4 99.6
kg/m°] 5.951 0.590
m%kg] 0.168 1.690
[kd/kgK] 7.342 7.342
[kikg]l  3398.622 2674.948
[m3s] 0.0420 0.4235
[mm] 221 380
[mm] 328 450
i 2- 1-
dvou-¢inny dvou-¢inny
[m/s] 5,465 3,8
[ 1,48 1,18
[dm?] 50,4 102,1
[L/min] 500 250
kw] 1825 182
1 -
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Popis plnéni balicku WP 11: Navrh a optimalizace provozu inovacnich motord
na alternativni paliva
pered
1-D model pistového parniho stroje =
1-D model v GT- Suite 2 . o L -
Predpokladana geometrie potrubi
Dvojcinny pist |
Predpokladané pritoky ventill Fi-di
predpokladané parametry:
- Skodny prostor 10% Vc
- plnéni pary10 % zdvihu peoed
- vyfuk pary 80% zdvihu — [
- integral p-V diagramu 146,3 kW i“éamké
5 00pPumRing Loop (Cylinder and Port Pressures) 14.00 SR
T = \
4.000 Lift-In
%§|3.000 600 N
g
Elz000 B
1.000 :::
DO?I%D‘U‘ INTAKE/COMPR 60 #OWERIEXHAUST 18.00-00O
BDC TDCF BDC
Crank Angle [deg]
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na alternativni paliva
OPTIMALIZACE CASOVANI

_Popis" plénl' balicku WP 11: Navrh a optimalizace provozu inovacnich motort

1 VALEC TEORETICKY
] [%] [°] [%]

predpokladané parametry pro
teoreticky diadram:

'3 O 4 V4 o
26 18 - skoglny Qrostor 10% _Vc
29 161 18 10,0 - plneni pary10 % zdvihu
Lo 180 - vyfuk pary 80% zdvihu
259 324 . ’ .
132 733 144 80,0 - integral p-V diagramu 146,3 kW
79 144
101 162
24 P-¥ Diagram p-V diagram
, e 2
1 VALEC [ pevamee
\/\- 2 e S TEORET
1
’ 3
0.00 028 0.80 ors a0 4 ]

Wolume | Vimax

2 VALEC
]  [%]
1PLNENI OTVIRA 9
1PLNENI ZAVIRA 29
DELKA OTEVRENI PLNEN{ 38 21,1
3VYFUK OTVIRA 134
4VYFUK ZAVIRA 266
DELKA OTEVRENI VYFUK 132 73,3
DELKA OTEVRENI VYFUK
PO DU 86
DEKLA EXPANZE 105
o[ 2vALec | =
'-'ﬂ'\ 2 et Vebvs O
\
1 \_____q___ “‘“-——____‘__3_3_
)
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POpIS pineni DallCKu WP 11: Navrh a optimalizace provozu inovacnic otoru
It t. 1 I .
300 Shaft Power Output Volumetric Eff
'olumetric iciency
_—2 0.1500 0.5 Steam Mass Flow Rate 44 PV Diagram
= oin = 15 bar . [—Pv diagram
~+p_in = 5 bar 2 VAI .—EJ 0.1250 :g_:n =10 bar i |===Intake Valve Open
& e :
E | -p_in =5 bar L ! ntake Valve Close
200 = 04 20 i |-—Exhaust Vaive Open
§ i |--Exhaust Valve Close
150 - & 01000
< z 18l
£ l 2oaf =
§ 100 E 00750 2 K
g [:3 =
& < z g2
so- g [ H
8 0.0500 802 £
£ o
0 ugl = 8l
E
50 % 0.0250 0
> 4+
-100
0 250 500 750 1000 0.0000 250 500 750 2000 v k——o—k”//‘
Engine Speed [RPM] Engine Speed [RPM] 0 250 500 750 000 9gg Y™ 050 076 100
Engine Speed [RPM] Volume / Vmax
300 Shaft Power Output 0.1250 Molumelric Efficiency 0.4 Steam Mass Flow Rate
r : 2 P-V Diagram
1VALEC |—7 . T —
§ |--—Intake Valva Open
i 2k |-~ Intake Valve Close
= |- Exhaust Vaive Oen
] 03 |-~ Exhaust Valve Close
g
150 g ;E 18 i
g n 5
] 8
L £ ] 2
100 3 ;02 gz
- L [ @
&
o 0.1
® 0.0250
E aF
50 2
—
A 0.0000 00 0
100.0 200.0 300.0 400.0 500.0 100.0 2000 300.0 400.0 500.0 100.0 2000 300.0 400.0 500.0 0.00 025 0.50 075 1.00
Engine Speed [RPM] Engine Speed [RPM] Engine Speed [RPM] Volume / Vimax
5 Pumping Loop (Cylinder and Por} Pressures) w00 _:,lF'U"“U'"“ Loop (Cylinder and Port Pressures) T 1400
1 —Gyinder ~ Cylinder
4 $ e || ’ Exhaust |/
i — Intake 1 [——Intake
. 2VALEC 4| 1VALE
HE Lift-EX 1000 Lif-EX
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Pressure [bar]

Rkl

INTAKE/COMPR. 0.00
TOCF

Grank Angle [deg]

POWER/EXHAUST

0,00
180.00
BDC

gf
H
H i £.00
£p ;
4.00
it f
F 200
[ WO VPSRN I S i) .00
-180.00 INTAKE/COMPR. 0.00 POWER/EXHAUST 180.00
BDC TOCF 80C

Crank Angle [deg]
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Popis pInéni balicku WP 11: Navrh a optimalizace provozu inovacnich motort
na alternativni paliva

.\ Diagram . '
24.00 P- Diagram D -V Diagram
[—P-V diagram 24.00 I 24.00 lagram _ 24.00 -
[~==" Intake Valve Open 0
Intake Valve Close "
|-~ - Exhaust Valve Open - k
20.00 Exhaust Valve Close 20.00 E 20.00 20.00 !
16.00 16.00 16.00 16.00
H £ B
12,00 £ 12.00 £ 12,00 £ 1200
8 g 8
a & a
8.00 8.00 8.00 8.00
- ¥ - kg - & b K
1.000 0.00 0.00 0.00
0.000 0.250 0500 0.750 1.000 0.000 0.250 0500 0750 1.000 0.000 0.250 0500 0.750 1.000
Volume / Vim Volume  Vim; Volume f Vimax
—Cyfinder
—exhaust Diagram :
— Intake 24.00 — 24,00 ¥ Diagram 24,00 Y Ringram _
ftin
f-EX .
2000 V 20.00 [ 20.00
T
‘E 16.00 16.00 16.00
) g I
£ 1200 £ 1200 £ 1200
8 8 ¢
o & a
8.00 8.00 8.00
Y S S —— Glesfiaaia s aild gy
-180.0 INTAKE/COMPR. 00 POWER/EXHAUST 180.0
80C TOCF B0C 100
Crank Angle [6eg) 400 4.00 a
1750 F L
000 0.00 L 00
0000 0250 0500 0750 1.000 P00 0250 0500 0750 7000 0000 0250 0500 0750 1.000
Volure f Vimax Volume / Vmax Volume / Vmax
170.0
O pt . | . G 3 1 t. | C
165.0
D : | k t 5 1 Y f k . | I t . |
160,0
200.0 225.0 250.0 275.0 300.0 325.0 350.0

Close Timing [Crank Angle (4-stroke)]
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na alternativni paliva

_Popis" Inen|' balicku WP 11: Navrh a optimalizace provozu inovacnich motort

V4 14 \4 V4 A\YAV 4 V 4 V4 - V 4 o
Srovnani moznych usporadani ventilovych rozvodu
OBJEM % ZE
POROVNANI{ SKODNYCH SKODNEHO ZDVIHOVEHO
PROSTORU PROSTORU [ mm3] OBJEMU [ %]
BOCNI VENTILY VE VALCI 911 620 7,3 7
BOCNI VENTILY V HLAVE 1010 943 8,1 |
4 VENTILOVY TOZVOD OHV 381 955 3,1 — 7
— — — —] 1
44 | ]
7 i 1
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Popis pInéni balicku WP 11: Navrh a optimalizace provozu inovacnich motort
na alternativni paliva

Vyvoj piniciho ventilu
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na alternativni paliva

_ Pops énl' balicku WP 11: Navrh a optimalizace provozu inovacnich motort

Vyvoj vyfukového ventilu
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Popis pInéni balicku WP 11: Navrh a optimalizace provozu inovacnich motort
na alternativni paliva

Vyvoj hlavy
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Popis pInéni balicku WP 11: Navrh a optimalizace provozu inovacnich motort
na alternativni paliva
Vyvoj regulace vykonu
T A
TE 0102 0020 . Technologicka agentura Str. 12 i:; Centra Za WP 11 Jindfich Hofenin ADW
C R (Ceské republiky kompetence



Centrum kompetence
ilové 0

~wm  Centrum kompetence automobilového priimyslu Josefa BoZka Lo mh
- - AutoSympo a Kolokvium Bozek 2. a 3. 11. 2016, Roztoky & %%g

PInéni cilt, milnikl a vystupd, spinéné vysledky balicku WP 11: Navrh a
optimalizace provozu inovacnich motor( na alternativni paliva

Prehled splatnych vysledkt a jejich plnéni
WP11A05 Zkousky funkéniho vzorku motoru

WP11A06 Optimalizace rozmérl parniho stroje zalozené na simulaci
parniho obéhu. 1.6.2016 — 1.12.2016

WP11A06 Vyhodnoceni parametrd motoru z experimentu a re-kalibrace
simulacnich modeld.

WP11CO03 Optimalizované parametry spalovaciho motoru a parniho
stroje.
Modul pro nizkoteplotni cykly v systému DASY 1.6.2017

Vsechny cile jsou plnény dle harmonogramu
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"N&vrh dal&iho postupu v balicku WP 11: Navrh a optimalizace provozu
inovacnich motort na alternativni paliva

Navrh dalsiho postupu vcetné navrhti na spolupraci a realizaci

vystupt

Navrh redlnych ventild a konstrukce parni
Modifikace 1D modelu dle realné konstruk
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Vytah Z praC| 2012-2016 na WP 11: Navrh a optimalizace provozu inovacnich
motord na alternativni paliva

Pro/ENGINEER | GT-power Testovani Parni obéh

]
+
I

dididie
@) i i |
X " 4

Model 1-valce - 2013 Navrh parnlho obéhu -
2015

N - e Experiment — 2015- GT-Suite
2

o
[y
(@)

i

RrRriRinEg

Konstrukce motoru - 2014 .
Model horeni - 2014

ORC systém

FLUENT

= @8 =& _—

= B " E J o Tl —
= ?.‘ T WA ’ =
Iaure 2: Scheme of Organic Rankine cycl with reaenerator. StaVba mOtOI’U = 2015

Vypolty proudéni - 2013 Navrh ORC - 2014 model parniho stroje - 2016

A
TE 0102 0020 - Technologicka agentura Str. 15 % Centl’a Za WP 11 Jlnd‘I‘ICh HOFenin ADW
¢ Ceské republiky kompetence

-]



Centrum kompetence

c
VAL,

wrseiczme  Centrum kompetence automobilového priimyslu Josefa Bozka %,
- - AutoSympo a Kolokvium Bozek 2. a 3. 11. 2016, Roztoky H %@gz
K

Resuiﬁts of WP11: Design and optimalization of operation of innovative
engines on alternative fuels. —Achieved 2012-2016

Prorf e GT-Power Testing Steam circuit
. J?I-ES*‘FQ.
‘ ==
= § ‘

Simulation model - 2013 Steam c|yc|e 2015

Prilbéh - vjvin tepla a rychlost hofeni

IVZEE - SO 2 Testbed - 2015 2016 GT-Suite
| ', - : T Ei '_"_ -
scSSaa=al 7 - .} Engine manufacture S 'Lﬂm o J j:‘ o0
p— L e and assembly TN Pt R

[l s

Engine design - 2014

Combustion model- 2014

L
FLUENT X
o = ORC system 1-D model of steam plston expander -
- E B 2016
I= .“j '
- = @ -
E B - £ B B
R i
— — Iaure 2: Scheme of Organic Rankine cycle with rogenerator. Englne assembly - 2015
Flow simulation - 2013 ORC design - 2014 Model of steam piston expander - 2016
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inovacnich motord na alternativni

_Vy’taH rovedenych praci na WP 11: Navrh a optimalizace provozu

Vit Dole¢ek CVUT
1D model parniho stroje

Jindrich Horenin ADW
konstrukce parniho stroje

‘QO?%J
i
L)
— Pr_and_Ef
[ 111
f DOOO
)
™
| )
P-h_diagram
24.00 P-V Diagram
—P-V diagram
---Intake Valve Open
Intake Valve Close
2000 --Exhaust Valve
Open
Exhaust Valve
_ 16.00 Close
@
&
£ 12.00
2
o
o
8.00
4.00 \
S~
0.00
0.000 0.250 0.500 0.750 1.000
Volume / Vmax
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_Abstfét 2016 of WP11: Design and optimalization of operation of innovative
engines on alternative fuels.

Vit Doledek CVUT Jindfich Hofenin ADW
1-D model of steam piston expander design of steam piston expander

2400 P-V Diagram
—P-V diagram

---Intake Valve Open
Intake Valve Close
2000 --Exhaust Valve
Open

Exhaust Valve
16.00 Close

Pressure [bar]
R
[=]
o

F=——1
8.00 §
4.00 \
S~
0 gOUUU 0.250 0.500 0.750 1.000
Volume / Vmax
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