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(54)  Engine  system 

(57)  An  engine  system  comprises  a  diesel  engine  (1) 
and  an  Otto  cycle  engine  (6).  The  diesel  engine  (1)  is  the 
primary  source  of  power  for  driving  a  large  vehicle, 
whereas  the  Otto  cycle  engine  (6)  is  used  to  drive  a 
supercharger  (7)  and  provide  a  source  of  sulphur  free 
exhaust  gas.  The  exhaust  gas  from  the  Otto  cycle  engine 
(6)  passes  through  catalytic  converter  (12)  and  exhaust 

cooler  (13)  to  the  supercharger  (7)  where  it  is  mixed  with 
air  ingested  through  air  filter  (1  5).  The  pressurized  output 
from  the  supercharger  (7)  is  fed  along  pipe  (1  6)  through 
inlet  cooler  (17)  into  the  inlet  manifold  (5)  of  the  diesel 
engine  (1). 
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Description 

The  present  invention  relates  to  an  engine  system 
comprising  a  diesel  engine  for  use  as  a  main  device  for 
driving  a  vehicle,  particularly  a  truck  or  bus,  and  a  super-  s 
charger. 

Generally,  when  dealing  with  exhaust  gas  generated 
from  diesel  engines,  it  is  known  that  NOx  in  the  exhaust 
gas  can  be  decreased  if  exhaust  gas  recirculation  (here- 
inafter  called  EGR)  is  applied  to  the  exhaust  gas  of  the  10 
engine.  However,  although  many  suggestions  are 
offered,  under  the  present  circumstances,  most  of  them 
are  not  realized  for  practical  use  because  of  the  following 
reasons. 

First  of  all,  as  light  oil  which  is  a  main  fuel  for  diesel  is 
engines  contains  sulfur(S)  which  will  become  SO3  by 
combustion  and  H2SO4  by  combination  with  moisture  in 
the  combustion  gas,  it  will  wear  and  corrode  cylinder  wall 
and  other  engine  parts.  However,  measures  to  solve  this 
problem  are  still  incomplete.  20 

Also,  ashes  in  the  exhaust  gas  of  the  diesel  engine 
quicken  abrasion  by  existing  between  cam  and  tappet  or 
piston  ring  and  cylinder  when  it  is  sucked  into  the  engine 
by  EGR.  However,  this  problem  does  not  have  an  effec- 
tive  solution.  25 

Then,  to  cool  the  exhaust  gas  by  an  exhaust  cooler 
during  EGR,  it  is  effective  to  have  a  good  EGR  result  by 
decreasing  the  combustion  temperature.  At  the  same 
time,  this  situation  not  only  promotes  the  exhaust  gas 
becoming  H2SO4  and  corrode  said  exhaust  cooler,  but  30 
also  possibly  increase  wear  and  corrosion  of  the  cylinder 
wall  and  other  engine  parts  by  cooled  H2SO4.  However, 
measures  for  wear  and  corrosion  by  H2SO4  have  not 
been  solved  yet  as  stated  above. 

With  regard  to  NOx  in  the  exhaust  gas  of  the  diesel  35 
engine,  although  remaining  exhaust  NOx  is  decreased 
to  some  degree  by  partial  exhaust  EGR  as  mentioned 
above,  partial  exhaust  NOx  which  had  EGR  is  dis- 
charged  as  it  is,  and  NOx  in  the  exhaust  gas  finally  can- 
not  be  further  decreased  under  the  present  40 
circumstances. 

Todecrease  NOx,  it  is  actually  thought  thata  catalyst 
for  an  Otto  cycle  type  engine  is  used.  However,  with  the 
exhaust  gas  which  contains  oxygen  of  the  diesel  engine, 
a  catalyst  which  can  remove  NOx  effectively  and  eco-  45 
nomically  has  not  been  introduced  yet. 

Further,  an  increase  of  maximum  combustion  pres- 
sure  when  supercharging  with  the  diesel  engine  not  only 
improves  a  mechanical  load  of  the  engine  but  also  incurs 
increase  of  NOx  generation  with  the  combustion  temper-  so 
ature  rise.  This  brings  a  situation  that  a  decrease  of  com- 
pression  ratio  as  a  means  for  the  solution  will  be  difficult 
for  an  engine  start  and  generate  harmful  white  smoke 
immediately  after  the  start.  With  the  above  situation, 
although  a  decrease  of  compression  ratio  to  1  1  or  1  4  is  55 
effective,  it  is  not  succeeded  under  the  present  condition. 

From  the  above  points,  along  with  a  fully  worked-out 
plan  for  combustion  chamber  and  combustion  method  of 
the  diesel  engine,  we  are  continuing  several  researches 

for  catalysts  to  effectively  remove  NOx  and  measures  to 
prevent  corrosion  etc.  by  H2SO4.  However,  this  matter  is 
not  solved  yet. 

Still  more,  on  diesel  engines,  the  biggest  problem  in 
case  of  conducting  EGR  is  that  the  diesel  engine  output 
decreases  with  said  EGR. 

According  to  one  aspect  of  the  present  invention, 
there  is  provided  an  engine  system  comprising  a  diesel 
engine  for  driving  the  primary  load  on  the  system,  and  a 
supercharger  for  supplying  pressurized  gas  to  the  diesel 
engine,  the  supercharger  being  driven  by  an  auxiliary 
spark  ignition  engine. 

According  to  a  second  aspect  of  the  present  inven- 
tion,  there  is  provided  an  engine  system  comprising  a 
diesel  engine  for  driving  the  primary  load  on  the  system, 
a  supercharger  for  supplying  pressurized  gas  to  the  die- 
sel  engine,  and  an  auxiliary  spark  ignition  engine,  the 
exhaust  outlet  of  the  auxiliary  spark  ignition  engine  being 
in  communication  with  the  supercharger  such  that 
exhaust  gas  from  the  auxiliary  spark  ignition  engine  is 
supplied  to  the  diesel  engine. 

Preferably,  exhaust  pollutants  in  in  the  exhaust  gas 
from  the  auxiliary  spark  ignition  engine  are  removed 
before  the  exhaust  gas  is  supplied  to  the  diesel  engine. 
In  a  preferred  embodiment,  the  exhaust  pollutants  are 
removed  by  a  catalytic  converter  before  being  pressu- 
rized  by  the  supercharger.  In  an  especially  preferred 
embodiment,  the  supercharger  is  driven  by  the  auxiliary 
spark  ignition  engine. 

On  the  other  hand,  as  is  generally  known,  with  the 
spark  ignition  engine,  which  may  be  an  Otto  cycle 
engine,  the  fuel  such  as  gasoline,  propane  gas,  natural 
gas  etc.  does  not  contain  said  sulfur  and  it  is  not  espe- 
cially  needed  to  take  measures  for  wear  and  corrosion 
by  H2SO4  as  mentioned  above.  Also,  besides  said  EGR, 
NOx  can  be  removed  with  other  exhaust  pollutant  (CO, 
HC)  by  employing  a  rhodium  catalytic  converter.  There- 
fore,  the  exhaust  gas  hardly  contains  NOx  and  becomes 
harmless. 

The  present  invention  is  devised  to  consider  said 
problems  on  exhaust  gas  treatment  of  the  diesel  engine 
and  the  above  phenomenon  on  the  spark  ignition  engine. 

The  purpose  is  to  make  an  engine  system  that  for 
example  on  one  vehicle,  a  diesel  engine  is  used  for  the 
main  device  for  vehicle  driving  etc.  and  also  an  auxiliary 
engine  which  is  independently  operated  from  the  main 
device  is  used  for  supercharger  driving.  Thus,  we  are 
able  to  provide  an  engine  system  which  is  possible  to 
decrease  NOx  generally  by  circulating  said  corrosion 
content  which  had  the  exhaust  treatment  of  said  auxiliary 
engine  of  which  treatment  is  relatively  easy  and  the 
exhaust  gas  which  contains  little  NOx  into  said  diesel 
engine. 

Another  purpose  of  the  present  invention  is  to  offer 
an  engine  system  which  gives  an  easiness  to  start  the 
main  device  diesel  engine  by  driving  supercharger  with 
the  auxiliary  engine  and  supercharging  the  discharged 
air  to  said  diesel  engine  in  the  process  of  decreasing 
NOx,  and  to  prevent  white  smoke  containing  harmful 
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components  easily  discharged  when  starting  with  low 
temperature. 

Also,  another  purpose  of  the  present  invention  is  to 
offer  an  engine  system  which  is  possible  to  increase 
main  device  diesel  engine  output,  decreasing  NOx  by  s 
adjusting  a  load  of  the  auxiliary  engine  which  drives  the 
supercharger. 

Furthermore  ,  still  another  purpose  of  the  present 
invention  is  to  offer  an  engine  system  which  is  possible 
to  get  higher  output,  further  decreasing  NOx  and  pre-  10 
venting  the  maximum  combustion  pressure  at  the  same 
time  by  preventing  the  maximum  pressure  of  the  main 
device  diesel  engine  to  decrease  compression  ratio  of 
the  same  diesel  engine. 

An  embodiment  of  the  invention  will  now  be  is 
described  by  way  of  example  with  reference  to  the 
accompanying  figure  (Figure  1)  which  shows  schemati- 
cally  an  engine  system  embodying  the  present  invention. 

In  Fig.  1  ,  a  diesel  engine  1  is  a  main  device  installed 
to  truck,  bus,  etc.  for  instance,  and  the  output  is  trans-  20 
mitted  to  axles  (Not  shown  in  the  drawing)  via  clutch  2, 
transmission  3  and  driving  shaft  4.  The  diesel  engine  1 
has  an  inlet  manifold  5. 

An  Otto  cycle  engine  6  is  an  auxiliary  device  to  be 
operated  independently  from  said  main  device  diesel  25 
engine  and  it  is  installed  to  said  truck  and  bus  to  drive  a 
mechanical  supercharger  7  for  said  diesel  engine  and 
according  to  the  circumstances,  an  auxiliary  device  such 
as  a  compressor,  which  generates  compressed  air  for 
vehicle  brake  and  opening/closing  doors,  or  a  cooling  30 
fan.  In  the  actual  example,  said  supercharger  7  is  driven 
by  the  front  end  of  the  crank  shaft  (not  shown  in  the  draw- 
ing)  of  the  auxiliary  device  Otto  cycle  engine  6.  Also, 
compressor  8  is  driven  by  rear  end  of  the  same  crank 
shaft.  Further,  it  is  better  to  keep  compression  ratio  of  35 
the  main  device  diesel  engine  1  low  from  10-14  and  this 
situation  leads  to  a  further  decrease  of  NOx. 

EGR  mechanism  on  the  present  invention  is 
arranged  as  follows.  The  exhaust  gas  discharged  from 
exhaust  manifold  9  of  said  Otto  cycle  engine  6  is  con-  40 
nected  to  flow  into  the  middle  of  inlet  pipe  1  4  via  exhaust 
regulating  valve  II,  catalytic  converter  12  and  exhaust 
cooler  13  by  pipe  10.  An  air  cleaner  5  is  provided  at  one 
end  of  the  inlet  pipe  14,  the  other  end  of  which  commu- 
nicates  with  the  supercharger  7.  45 

The  engine  system  is  arranged  such  that  air  from 
said  supercharger  7,  is  sent  to  inlet  manifold  5  of  said 
diesel  engine  1  via  inlet  cooler  17  through  pipe  16. 

In  the  engine  system  of  the  present  embodiment 
with  the  above  structure,  by  independently  operating  so 
said  main  device  diesel  engine  1  and  said  auxiliary 
device  Otto  cycle  engine  6,  inspiration  efficiency  is 
improved  by  sending  pressure  air  to  the  main  device  die- 
sel  engine  1  from  supercharger  7  driven  by  Otto  cycle 
engine  6,  and  thereby  its  torque  and  output  will  increase.  55 
Therefore,  when  starting  the  main  device  diesel  engine 
1  ,  the  start  becomes  easier  by  improving  inlet  pressure 
and  combustion  immediately  after  the  start,  and  espe- 
cially,  harmful  formaldehyde  and  HC  contained  in  white 

smoke  which  is  easy  to  be  discharged  at  low  temperature 
start  will  decrease. 

According  to  operating  condition  of  the  main  device 
diesel  engine  1,  if  a  load  of  the  auxiliary  device  Otto  cycle 
engine  6  is  regulated,  inlet  pressure  from  said  super- 
charger  7  is  also  regulated  and  therefore  the  output  of 
the  main  device  diesel  engine  1  can  be  increased.  Espe- 
cially  in  case  of  defining  the  main  device  diesel  engine  1 
for  vehicle-use,  the  rotation  speed  and  the  load  of  the 
auxiliary  device  Otto  cycle  engine  6  can  be  improved  cor- 
responding  to  the  required  low  speed  and  the  high 
torque,  regardless  of  the  rotation  speed  of  the  main 
device  diesel  engine  1  . 

When  performing  EGR  for  the  purpose  of  NOx 
decrease  in  the  exhaust  gas  from  the  main  device  diesel 
engine  1  ,  part  or  all  of  the  exhaust  gas  of  the  auxiliary 
device  Otto  cycle  engine  6  is  sucked,  by  opening  said 
exhaust  regulating  valve  1  1  ,  into  said  supercharger  7  by 
way  of  inlet  tube  1  4  via  exhaust  regulating  valve  1  1  ,  cat- 
alytic  converter  1  2  and  exhaust  cooler  1  3  by  pipe  1  0  from 
said  exhaust  manifold  9.  Supercharger  7  compresses 
the  exhaust  gas  of  the  auxiliary  device  otto  cycle  engine 
6  which  contains  little  NOx  with  air  from  air  cleaner  15, 
feeds  it  into  the  main  device  diesel  engine  by  way  of  said 
inlet  manifold  5  via  said  inlet  cooler  17  by  pipe  16. 

Claims 

1.  An  engine  system  comprising  a  diesel  engine  for 
driving  the  primary  load  on  the  system,  a  super- 
charger  for  supplying  pressurized  gas  to  the  diesel 
engine,  and  an  auxiliary  spark  ignition  engine,  the 
exhaust  outlet  of  the  auxiliary  spark  ignition  engine 
being  in  communication  with  the  supercharger  such 
that  exhaust  gas  from  the  auxiliary  spark  ignition 
engine  is  supplied  to  the  diesel  engine. 

2.  Installing  a  main  device  diesel  engine  and  an  auxil- 
iary  spark  ignition  engine  which  drives  a  super- 
charger,  this  engine  system  features  that  discharged 
gas  from  said  supercharger  is  led  to  an  inlet  system 
of  said  main  device  diesel  engine  by  a  pipe,  and 
exhaust  gas  from  said  auxiliary  engine  is  led 
between  an  inlet  system  of  said  supercharger  and 
an  inlet  system  of  said  diesel  engine. 

3.  Said  engine  system  as  claimed  in  Claim  2  features 
that  after  exhaust  air  from  said  auxiliary  engine  is 
treated  via  exhaust  regulating  valve,  it  is  led  between 
an  inlet  system  of  said  supercharger  and  an  inlet 
system  of  said  diesel  engine,  and  the  regulating 
valve  is  regulated  according  to  operating  condition 
of  said  diesel  engine. 

4.  Said  engine  system  as  claimed  in  Claim  3  or  4  fea- 
tures  that  by  regulating  a  load  of  said  auxiliary 
engine,  discharged  air  pressure  of  the  supercharger 
is  changed  and  the  output  of  the  main  device  diesel 
engine  is  regulated. 
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5.  The  engine  system  as  claimed  in  Claim  2,  3  or  4  fea- 
tures  that  compression  ratio  of  said  main  device  die- 
sel  engine  should  be  10  or  14. 

6.  An  engine  system  according  to  any  preceding  Claim  s 
in  which  the  auxiliary  engine  is  an  Otto  cycle  engine. 
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