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haust  valve  lever  from  returning,  and  thus  blocks  the  exhaust 
valve  open.  In  this  position  a  projection  on  the  exhaust  valve 
lever  unlocks  the  clutch  above  mentioned,  breaks  the  connection 

between  lay  shaft  and  inlet  cam  sleeve,  causing  the  latter  to 

remain  stationary.  The  inlet  valve  then  fails  to  open  as  long  as 
the  governor  does  not  withdraw  the  blade.  It  is  possible  to 
change  the  speed  of  the  engine  through  a  certain  range  by  adjust- 

ing the  governor  during  operation. 

The  ignition  system  is  of  the  make-and-break  type,  as  is  clearly 
indicated  in  Fig.  12-33.  The  electrodes  are  contained  in  one 
block,  which  is  easily  removable  for  inspection. 

FIG.  12-34.  —  Cylinder  Construction,  Fairbanks  Engine. 

The  method  of  operating  the  gas  valve  by  means  of  the  main 

inlet  valve  lever  is  also  shown  in  Fig.  12-33. 
The  Fairbanks  gasoline  engine  is  in  all  respects  similar  to  the 

gas  engine  above  described,  except  that  the  mixing  valve  shown 

at  the  left  of  Fig.  12-33  is  replaced  by  a  simple  type  of  overflow 
carbureter  which  is  supplied  by  a  gasoline  pump  operated  by  a 
cam  on  the  lay  shaft. 

The  Philadelphia  Otto  Engine.  —  The  general  features  of  the 
design  of  this  engine  are  shown  in  Figs.  12-35  and  12-36.  These 
particular  drawings  refer  to  a  30  horse-power  illuminating  gas 
engine,  but  the  same  design  is  carried  out  in  all  horizontal  engines 

from  5  up  to  and  including  40  horse-power.  Excellent  features 

of  the  construction  are  the  separate  cylinder  liner  and  the  remov- 
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able  valve  cages  for  gas,  inlet,  and  exhaust  valves.  Make-and- 
break  electric  ignition  operated  by  a  crank  from  the  end  of  the 
lay  shaft  is  used. 

FIG.  12-35.  —  Philadelphia  Otto  Engine. 

The  producer  gas  engines  made  by  this  firm,  the  Otto  Gas 

Engine  Works  of  Philadelphia,  show  the  same  general  make-up. 
Fig.  12-37  gives  a  general  view  of  a  type  made  in  60,  75,  95,  and 
120  horse-power  sizes.  This  design  differs  from  that  of  Fig.  12-35 
mainly  in  that  the  cylinder  is  supported  also  near  the  end  by  an 
extension  of  the  frame. 

FIG.  12-36.  —  Philadelphia  Otto  Engine. 

The  suction  gas  engines  are  governed  by  controlling  the  fuel 
valve,  regulation  thus  being  effected  by  changing  the  quality  of 
the  mixture. 

The  Olds  Gas  Engine.  —  The  Olds  Gas  Power  Company  of 
Lansing,  Mich.,  build  two  types  of  gas  engines:  Type  G  from 
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8 to 100 horse-power and Type A from 25 to 300 horse-power, 

both being horizontal single-acting four-cycle engines. 

  

Fig. 12-37. — Philadelphia Otto Producer-gas Engine. 

Type G is illustrated in Fig. 12-38. This engine may be used 

either for gas or gasoline. There appear to be no very unusual 

features in its general design. Both inlet and outlet valves are 

  

Fig. 12-38. -~ Olds Type G Engine. 

of the poppet type, but an auxiliary exhaust opening is used to 

relieve the main exhaust valve. The exhaust valve is mechani-
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8  to  100  horse-power  and  Type  K  from  25  to  300  horse-power, 
both  being  horizontal  single-acting  four-cycle  engines. 

FIG.  12-37.  —  Philadelphia  Otto  Producer-gas  Engine. 

Type  G  is  illustrated  in  Fig.  12-38.  This  engine  may  be  used 
either  for  gas  or  gasoline.  There  appear  to  be  no  very  unusual 
features  in  its  general  design.  Both  inlet  and  outlet  valves  are 

I '  i . ,    1 2-38.  —  Olds  Type  C,  Engine. 

of  the  poppet  type,  but  an  auxiliary  exhaust  opening  is  used  to 
relieve  the  main  exhaust  valve.     The  exhaust  valve  is  mechani- 
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cally  operated  by  means  of  a  straight  push  rod  and  cam.  Igni- 
tion is  by  make  and  break.  The  governor  is  of  the  hit-and-miss 

type  and  operates  to  hold  the  exhaust  valve  open.  The  mixing 

arrangements  are  not  specially  described  in  the  available  informa- 
tion on  this  engine. 

Type  K  engines  are  of  somewhat  different  design  and  embody 

in  their  make-up  the  best  and  most  advanced  ideas.  A  general 
view  of  the  machine  is  given  in  Fig.  12-39.  Among  the  excellent 
features  of  this  design  are  the  following:  The  jacket  wall  is  in- 

tegral with  the  frame.  The  cylinder  liner  is  made  of  a  grade  of 

FIG.  12-39.  —  Olds  Type  K  Engine. 

metal  especially  adapted  to  the  service  and  consists  of  a  straight 
cylinder  with  a  flange  at  the  outer  end.  This  flange  is  received 
into  the  frame  and  is  held  in  place  by  the  cylinder  head.  This 
construction  allows  of  even  and  unrestricted  expansion.  The 
cylinder  head  contains  the  openings  for  the  inlet  and  outlet  valve 

cages  and  is  designed  with  the  greatest  possible  regard  to  expan- 
sion and  cooling  stresses.  The  following  description  of  the  valve 

mechanism  is  taken  from  the  catalogue  published  by  the 
company. 

The  inlet  and  exhaust  valves  are  of  the  vertical  poppet  type, 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 1904



mechanically  operated  and  working  in  long  guides  in  the  same 
vertical  axis  with  the  inlet  valve  at  the  top  and  the  exhaust 

valve  at  the  bottom.  The  inlet  valve  and  gas  valve  have  a  com- 
mon stem  and  the  cage  is  so  arranged  that  a  thorough  mixing 

occurs  just  at  the  entrance  to  the  cylinder.  The  gas  valve  opens 
slightly  later  than  the  air  valve  and  by  special  construction  used 
a  perfect  seating  of  both  valves  is  assured  at  all  times.  On  the 
smaller  sizes,  by  removing  the  inlet  valve  cage  the  exhaust  valve 
is  perfectly  accessible,  while  on  the  larger  sizes  the  exhaust  valve 

may  be  removed  together  with  its  hollow  water-cooled  seat  with- 
out disturbing  the  inlet  valve.  This  is  easily  done  as  its  weight 

is  counterbalanced.  Both  valves  are  operated  by  a  single  cam 

which  is  designed  so  as  to  have  a  quick,  full  valve  opening,  with- 
out noise  or  clatter.  Valves  and  valve  ports  are  of  liberal  sizes 

so  undue  throttling  is  avoided.  The  valve  springs  are  of  the 

highest  grade  spring  steel,  and  rest  on  plates  which,  being  sup- 
ported on  ball  and  socket  joints,  do  away  with  side  thrust.  All 

parts  and  particularly  all  bearings  are  made  of  ample  dimensions 
with  provision  for  oiling  every  wearing  surface.  The  lay  shaft 
which  is  driven  from  the  crank  shaft  through  spiral  gears  operates 
the  valve  mechanism,  governor  and  ignition  mechanism. 

The  speed  is  controlled  by  a  governor,  apparently  of  the 
Hartung  type,  which  is  driven  from  the  lay  shaft  and  serves  to 
throttle  the  mixture  admitted  to  the  cylinder. 

Figure  12-40  gives  a  good  view  of  the  ignition  arrangements. 
The  current  is  supplied  by  a  low-tension  make-and-break  Bosch 
magneto,  the  operation  of  which  is  explained  in  Chapter  XIII. 
The  point  of  ignition  can  be  easily  changed  during  operation  by 

adjusting  the  lever  along  the  row  of  holes  A-R. 
The  Warren  Engines.  —  The  Strut  hers- Wells  Company  of 

Warren,  Pa.,  manufacture  various  types  of  engines,  both  hit- 
and-miss  and  throttling,  all  operating  on  the  four-cycle  prin- 
ciple. 

For  ordinary  power  purposes  the  firm  builds  the  single-cylinder 
hit-and-miss  engine  illustrated  in  Fig.  12-41.  This  engine  is  made 
in  sizes  from  10  to  90  horse-power.  Above  30  H.P.  the  instal- 

lations are  equipped  with  special  starting  devices. 
All  of  the  other  types  are  apparently  governed  by  throttling. 

The  next  higher  range  of  power,  35  to  200  horse-power,  is  covered 
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by  the  two-cylinder  throttling  engine  shown  in  Fig.  12-42.     The 
manner  of  governing  is  clearly  indicated. 

A  special  type  of  the  two-cylinder  engine,  for  which  maximum 
economy  and  closest  regulation  is  claimed,  is  shown  in  elevation 

in  Fig.  12-43.  This  engine  is  made  in  two  sizes  only,  110  and 
125  horse-power.  From  the  vertical  section,  Fig.  12-44,  showing 
the  cylinder  construction,  it  is  seen  that  the  cylinder  barrel  and 
jacket  are  cast  in  one  piece.  The  valves  are  of  the  vertical  poppet 

FIG.  12-40.  —  Igniter  Details,  Olds  Type  K  Engine. 

type,  opening  upward,  and  are  placed  in  a  valve  cage  integral 
with  the  cylinder  head.  The  manner  of  operating  these  valves 
by  cams  and  levers  from  a  valve  shaft  running  across  the  engine 

under  the  cylinders  is  shown  in  both  Figs.  12-43  and  12-44. 
Governing  is  effected  by  throttling  the  mixture  in  the  supply  pipe 
just  before  it  divides.  The  centrifugal  governor  and  its  linkage 
are  indicated  in  Fig.  12-45.  In  some  cases  the  governor  is  located 

between  the  cylinders  as  shown  in  Fig.  12-43.  A  cross-section 
through  the  valve  chest,  Fig.  12-46,  shows  the  method  of  operat- 
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Fig. 12-41. 

  

Fig. 12-42. — Warren Throttling Engine.
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Fig. 12-42. — Warren Throttling Engine.
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Fig. 12-42. — Warren Throttling Engine.
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FIG.  12-41. 

Flo.  12-42.  —  Warren  Throttling  Engine. 
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Fie. 12-43. — Warren Throttling Engine. 
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Fic. 12-44, — Vertical Section Warren Throttling Engine. 
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FIG.  12-43.  —  Warren  Throttling  Engine. 

FIG.  12-44.  —  Vertical  Section  Warren  Throttling  Engine. 
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Fie. 12-46. — Cross-section through Valve Chest, Warren Two-cylinder En- 

gine. 
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FIG.  12-45.  —  Plan  of  Warren  Two-cylinder  Engine. 

FIG.  12-46.  —  Cross-section  through  Valve  Chest,  Warren  Two-cylinder  En- 

gine. 
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ing  the  make-and-break  igniter,  and  the  location  of  the  starting 
valve  in  the  valve  chest  cover  just  above  the  exhaust  valve. 

Warren  engines,  covering  the  range  from  200  to  325  horse- 

power, are  of  the  tandem  single-acting  type,  a  general  view  of 
which  is  shown  in  Fig.  12-47.  The  cross-section,  Fig.  12-48,  shows 
the  cylinder  construction,  which  is  unique  in  some  of  its  features. 
The  back  part  of  the  main  frame  forms  the  jacket  wall  for  the 
front  cylinder.  The  cylinder  barrel  itself  is  cast  in  one  piece  with 
the  cylinder  head.  The  construction  of  the  back  cylinder  is 
similar.  The  distance  piece  between  the  two  cylinders  rests  on  a 

separate  base,  and  forms,  for  a  portion  of  its'length,  the  jacket 
wall  for  the  rear  cylinder.  The  front  piston  is  of  the  ordinary 
trunk  type.  The  back  piston  is  longer  than  is  usual  in  pistons 

not  subject  to  side  thrust.  The  method  of  water-cooling  piston 
and  rod  is  clearly  shown. 

The  valves  are  of  the  vertical  poppet  type  held  in  separate 

cages  which  are  easily  removable.  The  exhaust  valves,  at  the  bot- 

tom of  the  cylinder,  are  water-cooled.  The  valve  gear  is  shown 
in  detail  in  Fig.  12-49.  Both  valves  are  operated  from  the  same 
cam  on  the  lay  shaft.  The  operation  of  the  exhaust  valve  is  clear. 
The  motion  of  the  inlet  valve  varies,  depending  upon  the  load. 
The  valve  opens  and  closes  always  at  the  same  time,  because  the 
lift  of  the  actuating  cam  is  not  changed  throughout  the  entire 
range  of  load.  The  governor,  however,  through  the  linkage  shown, 
controls  the  position  of  the  sliding  block  above  the  valve  lever, 
moving  it  in  or  out,  depending  upon  whether  the  load  falls  or  rises. 
This  block  acts  as  the  fulcrum  about  which  the  valve  lever  turns, 

and  hence  the  lift  of  the  valve  is  made  proportional  to  the  load. 
The  inlet  valve  stem  carries  the  gas  valve.  The  latter  opens 
somewhat  later  than  the  main  inlet  valve.  The  manner  of  mix- 

ing gas  and  air  is  clearly  indicated  in  the  figure.  Butterfly  valves 
in  the  air  and  gas  passages  serve  to  help  control  the  proportions 
of  the  mixture.  The  ignition  system,  operated  from  the  lay  shaft 

as  shown  in  Fig.  12-49,  is  of  the  make-and-break  type. 
The  Struthers- Wells  Company  also  builds  vertical  engines  up 

to  600  horse-power.  The  older  multi-cylinder  types  of  these 
machines  are  practically  nothing  but  two  or  three  separate  engines 

direct  connected.  Thus  a  450  horse-power  unit  now  in  operation 

consists  of  three  engines  with  two  fly-wheels  between  the  cylinders. 
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Fie. 12-49. — Valve Gear of Warren Single-acting Tandem Engine.
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FIG.  12-49.  —  Valve  Gear  of  Warren  Single-acting  Tandem  Engine. 
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In  the  later  designs  this  has  been  modified.  A  600  horse-power 
vertical  engine  lately  completed  is  of  the  four-cylinder  A-frame 

type  mounted  on  a  solid  bedplate  with  the  fly-wheels  at  the  ends. 
2.  LARGE  GAS  ENGINES.  —  Large  gas  engines  of  American 

design  are  manufactured  by  the  Westinghouse  Machine  Company, 
by  the  William  Tod  Company,  Youngstown,  Ohio,  by  the  Snow 

Steam  Pump  Company,  Buffalo,  by  the  Riverside  Engine  Com- 
pany, Oil  City,  Pa.,  and  by  the  Wisconsin  Engine  Co.,  of  Corliss, 

Wis.,  makers  of  the  Sargent  engine.  There  are,  however,  a  few 
other  firms  making  large  engines  of  foreign  design.  Thus  the 
De  La  Vergne  Machine  Company  of  New  York  make  the  Koerting 

two-cycle  engine,  and  the  Power  and  Mining  Machinery  Company 
the  Crossley  engine.  The  Allis-Chalmers  Company,  who  built 
the  Niirnberg  engine,  have  apparently  an  engine  on  the  market 

that  is  not  strictly  of  Niirnberg  design.  Besides  these  well- 
known  machines  made  in  this  country,  the  Premier  engine  made 

in  England,  the  Cockerill  engine  made  in  Belgium,  and  the  Ger- 
man Oechelhauser  and  Deutz  engines,  should  be  mentioned. 

The  Oechelhauser  and  Koerting  engines  are  made  under  license 
by  a  number  of  firms  in  Germany,  and  in  the  case  of  the  Koerting 
engine,  also  abroad.  While  it  has  in  general  been  easy  to  get 

sufficient  descriptive  material  on  the  above-mentioned  engines, 
this  does  not  apply  to  certain  machines  of  American  design,  and 
the  information  given  is  hence  somewhat  meager. 

The  Westinghouse  Horizontal  Engine.  —  There  seems  to  be 
available  practically  no  definite  information  on  the  constructive 

details  of  the  Westinghouse  horizontal  double-acting  tandem  en- 

gine.* The  older  type  apparently  used  the  center  crank  and  the 
combustion,  or  at  least  the  valve,  chambers  were  placed  at  the 
sides  of  the  cylinders.  The  later  types  of  horizontal  engines  built 
by  this  company  approach  much  nearer  to  established  European 
practice.  Thus  the  engines  installed  in  the  power  plant  of  the 
Warren  and  Jamestown  railway  system  have  the  valves  in  the 

central  lines  of  the  cylinders,  as  shown  in  Fig.  12-50.  The  latest 
design  is  shown  in  Fig.  12-51,  which  represents  a  3000  horse-power 
unit  for  the  power  plant  of  the  Carnegie  Steel  Company  at  Besse- 

mer, Pa.  In  this  type  the  side  crank  is  used,  but  outside  of  this 

*  A  full  description  of  the  Westinghouse  Engine  has  just  appeared  in 
Power,  April,  1908. 
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nothing  is  definitely  known  to  the  writer  regarding  the  mechanical 
details.     An  interesting  development  of  very  recent  date  is  the 

FIG.  12-51.  —  Westinghouse  Double-acting  Tandem 

Westinghouse  vertical  single-acting  tandem  engine  shown  in  Fig. 
12-52.  This  engine  was  built  by  the  British  Westinghouse  Elec- 

tric and  Manufacturing  Company.* 
The  Tod  Engine.  —  The  following  description  of  this  engine 

is  taken  from  the  Iron  Age  of  July  18,  1907: 
"The  general  ap- 

pearance of  the  engine 

is  shown  in  Figs.  12-53 
and  12-54.  The  cyl- 

inders are  arranged  in 

pairs,  two  cylinders 
being  connected  in 
tandem  to  each  crank 

pin.  The  valve  gear, 

igniter,  switchboard 

and  operator's  hand wheels  are  all  situated 

between  the  cylinders 

and  are  easily  accessi- 
ble from  an  operating 

platform  placed  just 
below  the  level  of  the 

center  lines  of  the  cyl- 
FIG.  12-52.  —  Westinghouse  Vertical 

acting  Tandem  Gas  Engine. 

*  W.  H.  Booth,  Cassier's  Magazine,  November,  1907. 
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inders  and  shaft.  The  foundation  level  under  the  cylinders  being 

several  feet  lower  than  under  the  frames,  leaves  ample  room  be- 
low the  cylinders  to  make  the  exhaust  valves,  etc.,  easily  acces- 

sible, a  very  desirable  but  somewhat  unusual  feature. 

"  The  cylinders  and  water  jackets  are  integral  and  cast  in 
halves,  secured  together  with  flanged  joints  at  the  center.  The 
cylinders  are  not  attached  directly  to  the  main  bedplates  nor  to 
each  other,  but  are  supported  by  the  tie  pieces  in  such  a  way 
that  the  barrels  themselves  are  entirely  free.  All  strains  are 
transmitted  through  four  heavy  forged  steel  tie  bolts  extending 
the  entire  length  of  the  cylinders,  and  attaching  directly  to  heavy 
lugs  on  the  bedplate.  This  obviates  the  transmission  of  the 
st  rains  through  the  cylinder  walls,  and  contributes  to  accessibility 
and  the  easy  removing  of  parts.  The  pistons  are  of  steel,  with 

cast-iron  junk  rings,  and  the  pistons  and  rods  are  water-jacketed 
in  t  lie  usual  manner.  Adjustable  tail-rod  supports  take  the  weight 
of  the  pistons  and  rods  from  the  cylinders. 

"  The  valve  gear  is  driven  by  eccentrics,  eliminating  entirely 
the  cam  drive,  which  has  been  an  objectionable  feature  of  many 
of  the  gas  engines  heretofore  built.  There  is  one  eccentric  for 
cadi  end  of  each  cylinder,  which  drives  both  the  inlet  and  exhaust 
valves  an  arrangement  that  reduces  the  number  of  parts. 
The  eccentrics  are  mounted  on  two  lay  shafts  running  parallel 

to  the- axes  of  the  cylinders.  The  latter  are  driven  by  a  cross 
shaft,  which,  in  turn,  derives  its  motion  from  two  eccentrics 
mounted  on  the  main  shaft.  The  inlet  valves  are  on  top  of  the 
cylinders,  and  the  exhaust  valves  on  the  bottom.  The  inlet  valve 

proper  is  of  the  mushroom  type,  sealing  the  ports  from  the  pres- 
sure in  the  cylinders.  The  main  valve  is  operated  by  a  rolling 

lever  and  returned  to  its  seat  by  a  spring.  The  mixing  valves 
and  governor  valves  are  of  radial  gridiron  type,  and  are  located 
in  the  upper  section  of  the  valve  bonnet.  The  mixing  valves 
may  be  operated  individually  or  collectively  by  a  suitable  hand 
mechanism.  The  governor  valve  which  controls  the  admission 
of  gas  has  constant  travel,  the  time  of  opening  being  controlled 
by  the  governor  by  either  increasing  or  decreasing  the  angle  of 
advance  of  the  crank  which  operates  them,  since  the  engine  is  of 

the  const  ant-compression  type. 

"The  governor  is  of  the  fly-ball  pattern  and  is  in  duplicate, 
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one  controlling  the  operating  valves  on  each  side  of  the  engine. 
The  two  are  driven  by  Morse  chains  through  a  flexible  coupling, 
and  are  connected  by  a  cross  rod  which  may  be  removed  in  case 
it  is  desired  to  operate  either  side  of  the  engine  alone. 

"  Each  end  of  each  cylinder  is  equipped  with  two  igniters,  one 
operated  mechanically  and  the  other  by  a  solenoid.  Either  may 
be  used  independently  or  the  two  together.  The  igniters  are 
under  control  of  the  governor,  and  when  the  engine  is  at  rest  are 
automatically  thrown  back  to  the  dead  center.  The  ignition  is 
on  the  make-and-break  system,  using  direct  current  at  90  volts, 
supplied  by  a  motor  generator  set,  which  is  so  designed  that 
either  end  may  be  used  as  a  motor  or  a  generator,  or  both  may  be 
used  as  generators  by  driving  directly  from  the  engine  shaft. 
Connected  in  series  with  each  igniter  is  a  tell-tale  lamp  on  the 
switchboard,  giving  a  positive  indication  as  to  whether  or  not  the 

igniters  are  sparking,  short-circuited  or  burnt  out." 
The  Sargent  Engine.  —  The  Sargent  complete  expansion 

engine,  made  by  the  Wisconsin  Engine  Company  of  Corliss,  Wis., 
is  shown  in  general  elevation  in  Fig.  12-55  and  in  transverse  sec- 

tion in  Fig.  12-56.  As  far  as  the  constructive  details  of  this  en- 
gine are  concerned,  it  has  the  merit  of  great  simplicity.  The 

engine  is  built  as  a  double-acting  tandem.  There  is  but  one  valve 
to  control  admission  and  exhaust  for  each  end  of  each  cylinder, 
and  but  a  single  cam  to  perform  these  various  offices,  while  a 
second  cam  operates  the  igniter.  The  lay  shaft  is  driven  from 
the  main  shaft  by  a  pair  of  worm  gears.  The  governor  is  of  the 
inertia  type,  the  Rites,  and  operates  to  advance  or  retard  the 
lay-shaft,  thus  controlling  the  time  of  cutting  off  the  admission 
of  the  incoming  charge  to  the  cylinder.  This  construction  is 
decidedly  different  from  that  used  by  other  designers. 

The  combination  valve  is  shown  in  cross-section  in  Fig.  12-56. 
Its  operation  is  described  as  follows : 

"  Gas  is  piped  to  the  chamber  A  in  the  sub-base  and  air  to  the 
chamber  B,  which  pass  through  the  cylinder  supports  to  the 

chambers  A'  and  B',  ready  to  pass  into  the  mixing  chamber 
when  the  cam  depression  M  N  passes  the  roller  and  the  ports  F 

in  the  piston  valve  register  with  the  ports  E  and  D  in  the  bush- 
ing. When  the  piston  valve  goes  down  to  this  position,  the  con- 

fined air  in  the  piston  valve  dash-pot  forces  open  the  poppet  valve, 
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thus  giving  free  admission  to  the  charge.  When  the  point  N 
of  the  cam  reaches  the  roller,  it  is  forced  down,  while  the  other 

end1  of  the  lever  goes  up,  carrying  the  piston  valve  which  cuts  off 
the  admission.  The  poppet  valve  seats  and  both  valves  remain 

06.  —  Transverse  Cross-section  Sargent  Engine. 

in  normal  position  during  compression,  ignition,  and  expansion, 
or  until  the  point  L  on  the  cam  pushes  the  roller  down  and  the 
piston  up,  which  opens  the  poppet  and  the  exhaust  gases  pass 
out  through  the  ports  K  and  the  elbow  W  to  the  exhaust  pipe 
under  the  floor. 

"The  poppet  valve  seals  the  opening  in  the  combustion  chamber 
during  the  compression  and  inflammation,  and  the  piston  valve, 
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holding  against  no  pressure,  works  loosely  in  its  bushing,  cutting 
off  the  admission  and  guiding  the  exhaust. 

"As  the  poppet  valve  controls  both  the  inlet  and  outlet  gases, 
both  the  valve  and  seat  keep  cool  and  need  to  be  ground  not  over 
once  or  twice  a  year.  The  mechanism  is  simple  and,  as  the  roller 
is  always  bearing  on  the  cam,  the  valve  motion  is  practically 

noiseless." 
By  revolving  the  piston  valve  by  the  index  wheel,  the  blind 

port  S  varies  the  mixture  to  suit  the  gas  whether  it  has  100  or 
1000  B.  T.  U.  per  cubic  foot. 

The  fundamental  idea  of  the  Sargent  engine  is  to  get  complete 
expansion  of  the  charge  in  the  cylinder.  In  the  ordinary  engine, 
which  at  full  load  draws  in  the  charge  to  the  full  stroke  of  the 
piston,  or  nearly  so,  the  terminal  pressure  is  anywhere  from  25 

to  50  pounds,  and  the  final  temperature  over  1000  degrees  Fah- 
renheit. Sargent  claims  that  his  engine,  cutting  off  the  stroke  at 

full  load  at  three-quarters  of  the  suction  stroke,  will  show  a  ter- 
minal pressure  slightly  above  atmosphere  and  a  temperature  of 

about  400  degrees  Fahrenheit.  The  system  of  speed  regulation 
by  cutting  off  at  various  points  along  the  suction  stroke  is  one 
used  by  several  makers,  but  in  nearly  all  cases  the  engines  cut  off 
at  nearly  full  stroke  for  full  load,  that  is,  at  full  load  the  ratio  of 

compression  is  nearly  equal  to  the  ratio  of  expansion.  In  the 
Sargent  engine  the  ratio  of  expansion  always  exceeds  the  ratio 
of  compression,  and  a  lowering  of  the  terminal  pressure  and 
temperature  is  of  course  the  result.  There  is  no  doubt  that  this 
lowering  of  the  temperature  has  a  great  deal  to  do  with  any 
success  that  the  use  of  a  combination  valve  such  as  described 

al>ove  may  have.  In  the  Sargent  engine  the  rated  power  is 

developed  when  the  governor  cuts  the  admission  off  at  three- 
quarter  stroke;  the  rest  of  the  stroke  may  be  considered  potential 

over-capacity.  In  spite  of  the  fact  that  ordinary  experience 
shmvs  a  gas  engine  to  be  most  efficient  when  it  is  developing  its 

maximum,  not  the  rated,  load  as  long  as  normal  speed  is  main- 
tained, the  claim  is  made  for  this  engine  that  its  best  efficiency 

is  obtained  when  cutting  off  at  three-quarter  stroke. 
The  Koerting  Two-Cycle  Engine.  — The  Koerting  engine  is  of 

German  design,  made  in  this  country  by  the  De  La  Vergne  Machine 
Company  of  New  York.  This  is  one  of  the  two  successful  large 
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two-cycle  gas  engines  in  Europe,  the  other  being  the  Oechel- 
hauser,  not  made  in  America.  Koerting  two-cycle  engines  are 
now  made  by  several  German  firms,  whose  constructions  differ 
somewhat  among  themselves  and  from  the  parent  design,  mainly 
in  frame  and  governor  details.  The  latter  seem  to  have  an  im- 

portant bearing  upon  the  amount  of  work  done  by  the  pumps. 
The  type  made  by  the  De  La  Vergne  Machine  Company  is  best 
illustrated  from  the  catalogue  of  the  firm.  Fig.  12-57  shows  a 
cross-sectional  elevation  and  a  plan  of  this  machine,  used  in  this 
case  as  a  blowing  engine.  It  is  seen  that  the  engine  has  but  a 
single  cylinder  which  is  double-acting.  There  are  thus  exactly  the 
same  number  of  power  impulses  per  turn  as  in  a  single-cylinder 
steam  engine.  The  piston  is  very  long,  about  seven-eighths  of  the 
stroke,  and  is  of  course  water-cooled.  This  makes  it  necessary 
to  support  its  weight  at  the  cross-head  and  at  a  tail-bearing  to 
save  both  cylinder  and  stuffing-boxes.  At  the  side  of  the  power 
cylinder  there  are  a  gas  and  an  air  pump  which  furnish  gas  and 
air  by  separate  passages  to  the  mixture  inlet  valves  at  the  top  of 
the  cylinder.  The  manner  of  driving  these  pumps  from  a  side 
crank  and  of  operating  the  piston  valves,  which  control  them, 
by  means  of  rocker  arms  driven  by  an  eccentric  from  the  main 

shaft,  is  clearly  shown  in  Fig.  12-58.  Fig.  12-59  illustrates  the 
valve  shaft  side  of  a  partially  constructed  machine  and  shows  the 
manner  of  operating  the  inlet  valves  and  igniter  gear.  The 
exhaust  gases  are  taken  care  of  by  a  ring  of  ports  in  the  middle 
of  the  cylinder.  These  ports  are  uncovered  by  the  piston  alter- 

nately on  each  side  (see  Fig.  12-57). 
The  operation  of  the  engine  is  as  follows: 
It  will  be  seen,  from  Fig.  12-58  that  the  pump  crank  is  in  the 

neighborhood  of  100  degrees  ahead  of  the  main  crank,  i.e.,  when 
the  latter  is  at  either  dead  center  the  pumps  have  completed 
about  one-half  their  stroke.  From  the  beginning  of  its  discharge 
stroke  the  air  pump  B,  Fig.  12-60,  has  forced  its  charge  of  air  into 
the  passage  leading  to  the  main  inlet  valve  and  has  forced  some 
of  this  air  also  partly  up  to  the  gas  passage,  which  is  the  inner 
concentric  passage  surrounding  the  inlet  valve  stem.  In  the 

•meantime  the  piston  of  the  gas  pump  A,  the  motion  of  which  has 
been  exactly  the  same  as  that  of  the  air  pump  piston,  has  been 
allowed  to  shove  back  part  of  its  charge  into  the  gas  suction  pipe. 
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At  the  moment,  therefore,  when  the  exhaust  gases  have  nearly 
completely  escaped  from  the  main  cylinder  through  the  ring  of 
ports,  and  the  main  inlet  valve  is  opened,  there  is  at  first  a  rush 
of  air  from  both  the  air  and  gas  passages.  This  serves  to  drive 

the  remainder  of  the  exhaust  gases  out  of  the  cylinder.  A  mo- 
ment later  the  gas  pump  starts  to  deliver  gas  and  the  mixture 

enters  the  cylinder.  By  the  time  the  power  piston  has  covered 
the  exhaust  ports  on  its  return  stroke,  the  air  and  gas  pistons 

FIG.  12-59.  —  Valve  Gear  of  Koerting  Two-cycle  Engine. 

have  reached  the  end  of  their  stroke,  the  inlet  valve  closes  and  the 

mixture  is  compressed  in  the  power  cylinder.  Ignition  is  by 
elect  ric  spark. 

The  speed  of  Koerting  t \vo-cycle engines  is  controlled  by  pro- 
portioning the  amount  of  gas  to  the  load.  In  the  American  type 

this  is  accomplished  by  putting  butterfly  throttle  valves  /-/,  Fig. 
IJ  <>(),  in  the  discharge  passages  of  the  gas  pump.  The  position 
of  these  valves  is  controlled  by  the  governor,  which,  as  some  of 

the  other  illustrations  show,  is  of  the  centrifugal  type.  This 
method  of  pump  control  is  open  to  the  objection  that  if  the 
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gas  used  is  at  all  dirty,  the  frictional  resistances  soon  become  so 

great  as  to  render  the  governor  inoperative.  Some  of  the  im- 
provements of  the  later  Koerting  engines  have  been  devoted  to 

this  very  point.  A  modified  design  of  gas  pump  is  that  of  Klein 

Bros.,  Dahlbruch,  Fig.  12-61.*  In  this  construction  the  piston 
forces  the  charge  back  into  the  suction  space  through  the  ports 

shown  at  the  middle  of  the  cylinder,  for  one-half  the  stroke.  The 
amount  of  gas  delivered  to  the  discharge  passage  during  the  last 

FIG.  12-60. 

half  depends  upon  the  position  of  the  small  overflow  piston  valves 
near  the  bottom.  This  is  controlled  by  the  governor  through  the 
linkage  shown.  Another  point  that  has  given  some  trouble  in 
the  first  designs  of  Koerting  engines  is  the  fact  that  the  time 
available  for  the  opening  and  closing  of  the  inlet  valve  was  but  a 
very  small  part  of  the  time  of  one  revolution.  The  inertia  actions 

were  very  severe  and  hence  the  engine  speed  was  somewhat  re- 
stricted. This  difficulty  has  been  overcome  in  an  elegant  way  in 

the  design  of  the  Siegener  Maschinensban  A-G  as  shown  in  Fig. 
12-62.  Here  the  lay  shaft  moves  only  at  one-half  the  speed  of 

*  Hoffman,  Zeitschrift  d.  V.  d.  I.,  September  15,  1906. 
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Fia. 12-62. — Modification of Inlet Valve Gear, 
<oerting Two-cycle Engine.
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FIG.  12-61.  —  Gas  Pump,  Koerting  Two-cycle  Engine,  Klein  Bros. 

FIG.  12-62.  —  Modification  of  Inlet  Valve  Gear, 

Koerting  Two-cycle  Engine. 
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the  main  shaft,  the  same  as  in  four-cycle  engines,  but  the  valve  is 
opened  twice  for  every  turn  of  the  shaft. 

Reinhardt  states  that  the  Koerting  engine  is  well  adapted  to 
blowing  service  because  it  starts  easily  under  load  and  is  certain 
in  its  operation  through  a  wide  range  of  speeds. 

The  Riverside  Engine.  —  This  engine  is  made  by  the  Riverside 
Engine  Company  of  Oil  City,  Pa.,  and  embodies  in  its  details 
several  features  decidedly  different  from  those  of  other  large 

engines.  Fig.  12-63  shows  the  heavy  duty  double-acting  tandem 
type  and  illustrates  the  peculiarity  of  the  valve  construction  very 

clearly.  Besides  this  type,  this  firm  also  builds  single-acting, 

FIG.  12-63.  — Riverside  Heavy  Duty  Double-acting  Tandem  Gas  Engine. 

single-cylinder  and  twin  engines,  and  single-acting  tandem  engines. 
One  of  the  single-acting,  single-cylinder  engines  is  illustrated  in 
Fig.  12-64.  The  following  is  a  description  of  the  main  features 
of  the  double-acting  machine.  It  applies  with  little  modification 
also  to  the  single-acting  type.  Fig.  12-65  shows  in  cross-section 
the  cylinder,  valve  and  piston  details  of  the  double-acting  engine 
and  will  serve  as  an  aid  in  following  the  description  of  these  parts. 

The  main  frame  or  bed  is  of  the  heavy  duty  tangye  rolling-mill 
type  with  bored  guides  and  main  bearings  cast  in  a  single  piece, 
and  is  of  great  weight  and  extreme  rigidity.  The  cylinder  end 

of  main  frame  is  squared  similar  to  cross-section  of  cylinder,  and 
has  machined  holes  for  receiving  the  tie  bars  which  attach  the 
cylinder.  The  design  of  this  frame,  with  its  bored  guideway,  is 
such  that  a  large  portion  of  the  metal  is  above  the  center  line, 
making  it  exceptionally  stiff. 
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The  shaft  is  of  side  crank,  built-up  type  and  is  machined  all 
over. 

The  cylinders  are  made  in  two  halves,  with  heads  and. valve 
chest  cast  integral  without  joints  or  packing,  and  are  held  rigidly 
to  the  main  frame  by  four  heavy  steel  tie  bars  which  take  all 

tension  strains.  The  cylinders  are  mounted  on  a  heavy  cast-iron 
sole  plate,  having  a  machined  top  surface  which  keeps  cylinders 

in  alignment,  permits  perfect  freedom  for  expansion  and  contrac- 
tion, and  by  removing  distance  piece,  cylinders  can  be  slid  end- 

wise on  sole  plate,  giving  easy  access  to  interior  of  cylinder,  pistons 

Fie.  PJ  (>4.       Rivereide  Single-acting  Siiigle  Cylinder  Gas 

Engine. 

and  piston  rings.  Rings  can  be  cleaned  or  changed  without  dis- 
turbing piston  or  rod.  The  sole  plate  makes  a  drip  pan  under  all 

the  cylinders,  keeping  oil  drip  from  foundation.  The  exhaust  and 
inlet  piping  is  attached  to  the  sole  plate,  hence  no  piping  except 

the  water-jacket  piping  has  to  be  disturbed  when  cylinders  are 
moved.  There  is  no  overhead  piping  or  wiring  to  interfere  with 
traveling  crane. 

Both  inlet  and  exhaust  valves  are  of  the  semi-balanced  water- 

cooled  poppet  type,  operated  in  a  vertical  position.  All  water 
passing  to  the  cylinder  jacket  passes  through  valves  first,  giving 
perfect  and  positive  cooling  without  any  attention  whatever. 

The  balancing  pistons  run  in  renewable  liners  and  are  lubri- 
cated positively.  These  pistons  form  a  large  and  perfect  guide, 
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assuring  positive  alignment  for  these  valves  indefinitely.  The 
valve  seats  are  renewable  and  are  located  slightly  below  bottom 
of  cylinder  bore,  so  that  all  foreign  substances  are  swept  from  the 
cylinder  at  each  exhaust  stroke.  All  valves  are  readily  removed 
from  the  top  of  the  cylinder  without  disturbing  cam  shaft. 

Piston  and  piston  rods  are  water-cooled,  the  water  entering 
through  a  telescopic  joint  connected  to  side  of  cross-head.  Cir- 

culation through  each  piston  is  positive  and  the  overflow  is  so 
arranged  that  pistons  are  kept  full  of  water.  Water  passages 
through  piston  and  rod  are  large  and  easy  so  that  not  over  ten 

pounds'  pressure  is  required  for  circulation.  The  overflow  is 
visible  so  that  water  cannot  come  to  a  boiling-point  without 

attracting  engineer's  attention.  A  heavy  tail-rod  support  and 
adjustable  shoe  is  provided  for  carrying  weight  of  pistons  and 
rod.  The  construction  of  the  piston  rod  is  such  that  a  piston  in 
either  cylinder  can  be  removed  without  disturbing  the  other 

cylinder  or  the  connecting  rod,  cross-head  or  any  part  of  the  valve 

gear. 
The  valve  gear  of  the  Riverside  engine  is  very  simple  and  con- 

sists of  a  single  shaft  mounted  on  top  of  the  engine,  running  in 

self-oiling  bearings.  This  shaft  runs  at  one-half  the  speed  of  the 
main  shaft  and  carries  the  inlet  and  exhaust  cams,  cams  for 

operating  the  oil  pumps,  and  the  timers  for  ignition  system. 
Power  is  transmitted  to  the  inlet  and  exhaust  valves  by  an  inlet 
and  exhaust  lever  hung  on  a  single  pin.  All  cams  are  keyed 
rigidly  to  the  cam  shaft.  This  construction  makes  a  minimum 

number  of  joints  subject  to  wear.  Ample  adjustments  are  pro- 
vided for  taking  up  wear. 

Ignition  is  by  an  improved  method  throughout,  consisting  of 
two  magnetically  operated  spark  plugs  in  each  cylinder.  The 

sparking  points  being  in  series  with  the  magnet  coils  give  a  posi- 
tive external  indication  by  the  movement  of  the  armature  as  to 

whether  the  spark  takes  place  within  the  cylinder.  The  timing 
is  electrical;  no  gearing  or  mechanical  trips  being  used,  simply 
a  No.  14  stranded  wire  running  through  iron  armored  conduits 
leads  to  each  plug. 

The  timer  is  mounted  on  the  secondary  shaft  and  is  built  in  a 
heavy,  substantial  manner.  The  contacts  are  of  the  wipe  type 
and  are  made  of  tool  steel,  and  are  adjustable  for  wear.  A  visible 
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indicating  spindle  shows  the  amount  of  contact.  The  entire 
wearing  parts  of  timer  are  run  in  oil,  which  prevents  burning  of 
the  contacts  and  reduces  wear  to  minimum.  Wiring  from  the 
timer  to  each  spark  plug  is  protected  by  a  five  ampere  enclosed 
fuse;  thus,  should  any  spark  plug  become  damaged  or  short-cir- 

cuited, it  would  have  no  effect  on  the  rest  of  plugs.  Any  spark 
plug  can  be  removed  and  replaced  while  the  engine  is  in  opera- 
tion. 

The  time  of  ignition  in  all  cylinders  can  be  adjusted  simul- 
taneously, and  by  an  individual  adjustment  the  time  of  ignition 

in  any  cylinder  can  be  adjusted  independently.  All  of  these 
adjustments  can  be  made  when  the  engine  is  in  operation. 

The  method  of  starting  the  double-acting  engine  is  as  follows: 
A  gas-engine  driven  air  compressor  is  provided  for  supplying 

compressed  air  for  starting  this  engine,  air  to  be  stored  in  a  suitable 
steel  receiver.  The  pneumatic  starting  gear  on  the  engine  consists 
of  two  shifter  pistons  mounted  within  the  valve  lever  carry- 

ing pin.  These  pistons  are  shifted  by  throwing  a  small  three- 
way  cock  which  applies  compressed  air  to  one  side  of  the  piston, 
which  in  turn  moves  the  valve  levers  f  inch,  bringing  the  cam 
rollers  in  line  with  an  auxiliary  cam  which  puts  all  the  valves  in 
both  ends  of  one  cylinder  into  two-cycle  action,  or,  in  other  words, 
makes  a  poppet  valve  air  or  steam  engine  out  of  this  cylinder, 
which  permits  the  engine  being  started  on  any  stroke  and  on 
either  quarter.  The  operation  being  entirely  automatic,  the 
engine  will  run  as  long  as  compressed  air  is  applied.  The  other 
double-acting  cylinder  continues  to  operate  as  a  four-cycle  gas 
engine  and  takes  up  its  explosions  after  the  first  revolution. 
Compressed  air  is  then  shut  off  from  the  starting  cylinder  and  the 
three-way  cock  reversed,  which  permits  the  cam  levers  being 
returned  to  their  normal  position  and  that  cylinder  immediately 
goes  into  four-cycle  action  and  takes  up  its  explosions  on  the  next 
revolution.  The  starting  gear  adds  practically  no  complication 
to  the  engine  as  the  regular  inlet  and  exhaust  valves  are  used  for 
distributing  the  air.  There  are  no  extra  shaft  or  auxiliary  valves 
and  no  tappings  into  the  cylinders.  There  is  only  one  compressed 
air  pipe  leading  to  the  sole  plate,  air  being  delivered  into  the  fuel 
duct  and  entering  the  cylinders  via  the  inlet  valves. 

The  Crossley  Engine. — This  English  engine  is  made  in  this 
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country  by  the  Power  and  Mining  Machinery  Company  of  New 
York,  and  known  as  the  American  Crossley. 

These  engines  are  built  as  single-cylinder, two  cylinder-opposed 
and  double-opposed  units,  sizes  ranging  from  50  to  1300  B.  H.  P. 
This  design  differs  radically  from  that  of  other  large  engines  in 

that  the  single-acting  cylinder  is  retained  up  to  the  largest  sizes, 

•i.e.,  the  design  is  in  a  way  nothing  but  an  enlargement  of  the  small 
four-cycle  machine.  It  is  fundament ly  the  same  design  employed 
at  first  by  the  Deutz  Company  for  their  large  engines,  but  has 

been  given  up  by  them  some  years  ago  in  favor  of  double-acting 
engines. 

Figures  12-66  and  12-67  show  a  general  elevation  and  a  cross- 
sectional  elevation  respectively  of  the  single-opposed  type.  The 
cylinder  castings  are  securely  bolted  to  each  end  of  a  central  frame 
casting.  Both  connecting  rods  work  on  one  crank  pin.  The 

pistons  are  water-cooled.  The  cylinder  proper  is  a  separate  liner, 
rest  ing  at  the  crank  end  in  the  jacket  casting  and  held  at  the  head 
end  by  the  cylinder  head.  The  head  carries  the  gas  and  inlet 
valves,  while  the  exhaust  valve  is  placed  in  a  separate  casting. 

The  position  of  inlet  and  exhaust  valve  is  shown  in  Fig.  12-68. 
Both  are  operated  in  a  horizontal  position  by  means  of  bell  cranks 
by  cams  on  a  lay  shaft.  In  this  respect  the  engine  differs  from 
most  others  in  which  the  valves  are  nearly  always  vertical.  The 
objection  to  the  horizontal  form  is  at  least  partly  overcome  by 
giving  the  exhaust  valve  a  guide  at  each  end.  This  valve  is 

water-cooled,  as  is  necessary  in  large  machines.  The  lay  shaft  s, 
Fig.  12-66,  is  operated  by  spiral  gears,  and  actuates  the  main 
inlet,  the  cut-off  valve,  the  gas  valve,  the  exhaust  valve,  and  the 
igniter  gear. 

(las  and  air  enter  the  mixing  chamber  M,  Figs.  12-66  and 

12-69  through  a  proportioning  valve,  the  air  direct  and  the  gas 
through  a  special  gas  valve.  From  here  the  mixture  passes  a 
multi-port  cut-off  valve,  which  surrounds  the  valve  stem  of  the 
inlet  valve  and  is  shown  in  greater  detail  in  Fig.  12-70.  This  cut- 

off valve  is  operated  from  the  lay  shaft  through  the  rocker  arm 

'  I'ig.  12-71.  -The  governor,  shown  in  plan  in  Fig.  12-69,  serves 
to  .-hift  the  fulcrum  /  of  the  rocker  arm  c,  Fig.  12-71,  thus  cutting 
off  the  mixture  supply  to  the  main  inlet  valve  earlier  or  later  as 
the  load  demands.  Should  the  load  drop  so  far  that  the  com- 
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FIG.  12-68.  —  .Vmerican  Crossley  Engine,  Inlet  Valve 
at  A,  Exhaust  Valve  at  E. 

FIG.  12-69.  —  Details  of  Valve  Gear,  American  Crossley  Engine. 
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bustion  becomes  sluggish  under  very  low  loads,  the  engine  auto- 
matically shifts  over  to  the  hit-and-miss  governing  by  the  gover- 

nor withdrawing  the  block  6,  Fig.  12-69,  thus  keeping  the  gas 
valve  closed  altogether. 

In  multi-cylinder  engines 
the  point  at  which  this 
occurs  is  so  adjusted 
that  one  cylinder  after 
another  changes  over  to 

the  latter  system  of  regu- 
lation and  not  all  of  them  at  the  same  time. 

The  American  company  for  some  time  adhered  to  hot  tube 

ignition,  but  some  of  the  later  engines  were  fitted  with  make-and- 
break  electric  ignition. 

The  Snow  Engine.  —  The  Snow  Steam  Pump  Company  build 

FIG.  12-70.  —  Inlet  Valve,  American  Crossley 
Engine. 

FIG.  12-71.  —  End  View,  American  Crossley  Engine. 

two  types  of  horizontal  double-acting  four-cycle  machines,  called 

respectively  Type  "A"  and  Type  "B."  Both  of  these  designs 
differ  radically  from  the  construction  of  other  large  gas  engines 
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in  that  the  valves  are  placed  in  chambers  at  the  side  of  the  cylin- 
ders. There  are  reasons  for  and  against  this  construction,  the 

main  disadvantage  being  perhaps  the  cut-up  form  of  the  com- 
bustion chamber.  Some  of  the  many  advantages  are  outlined 

below. 

Type  B  engines  are  built  in  single-cylinder  units  from  20  to 
125  horse-power,  and  in  tandem  units  from  80  to  500  horse- 

power. The  general  features  of  the  design  are  shown  in  eleva- 
ion  in  Fig.  12-72  and  in  cross-section  in  Fig.  12-73. 

FIG.  12-72.  —  Snow  Type  B  Gas  Engine. 

The  most  notable  installations  of  Type  A  engines  is  found  in 

the  Martin  station  of  the  San  Mateo  Power  Company  in  Cali- 
fornia. This  station  at  present  contains  three  of  the  twin- 

tandem  units,  a  fourth  is  in  course  of  erection,  and  the  foundation 

is  laid  for  a  fifth.  Fig.  12-74  shows  a  general  view  of  the  station, 
and  also  serves  to  give  a  general  idea  of  the  appearance  of  the 
engines.  The  engines  of  the  Martin  station  were  described  in 
great  detail  by  C.  P.  Poole  in  an  article  in  Power,  January  14  and 
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21,  1908,  to  which  the  writer  is  indebted  for  the  following  infor- 
mation: 

Figure  12-75  shows  in  cross-section  the  main  features  of  the 
design,  while  Fig.  12-76  is  a  transverse  cross-section  through  one 
of  the  valve  chambers  to  show  the  valve  construction.  Each  cylin- 

der of  the  twin  tandem  unit  is  42  inches  in  diameter  by  60-inch 
stroke.  The  engines  are  direct  connected  to  Crocker-Wheeler 
generators  rated  at  4000  K.W.  each.  They  are  capable,  however, 
of  carrying  momentarily  an  overload  of  33  per  cent,  and  have 

demonstrated  their  ability  to  carry  15  per  cent  overload  con- 
tinuously. These  figures  make  these  units  the  largest  gas  power 

FIG.  12-73.  —  Cross-section  of  Snow  Type  B  Gas  Engine. 

engines  in  the  world.     The  fuel  used  is  an  oil-water  gas  made  by 
the  Lowe  process. 

The  main  frame  is  of  the  side  crank  type.  The  cylinders  are 

<-;t-t  in  two  parts,  fastened  together  by  flanges  at  the  center,  as 
shown  in  detail  in  Fig.  12-77.  This  construction  makes  the  outer 
wall  independent  of  the  cylinder  wall  proper,  and  avoids  tempera- 

ture stresses.  The  valve  chambers  are  cast  integral  with  the 
cylinder  casting.  The  cylinder  heads  are  plain  jacketed  covers 

containing  nothing  but  the  stuffing-boxes.  For  the  purpose  of 
safety  against  leakage,  however,  each  head  has  a  double  seat. 
The  front  and  rear  cylinders  are  connected  by  a  distance  piece  of 

box-section,  which  has  large  openings  in  the  side  through  which 
heads  and  pistons  may  be  removed  if  required.  The  pistons  are 
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made  in  two  parts  bolted  together.  These  pistons,  together  with 

their  rods,  are  of  course  water-cooled,  the  water  entering  at  the 
front  cross-head  and  leaving  at  the  tail  cross-head. 

The  distinguishing  feature  of  these  engines,  however,  is  the 

valve  .construction,  shown  in  detail  in  Fig.  12-76.  Mr.  Poole,  in 
the  article  mentioned,  describes  the  gear  as  follows: 

"The  cam  shafts  which  drive  the  valve  gear  are  driven  by 
steel  gears,  bevel  gears  being  used  on  the  main  shaft,  driving  back 
through  spur  wheels  to  secure  the  proper  reduction  in  speed  of 
two  to  one.  The  igniters  and  lubricators  are  alsQ  driven  from 

the  cam  shafts,  as  are  also  the  starting  valves,  which  admit  com- 
pressrd  air  on  the  cylinders  for  starting.  The  inlet  and  exhaust 

KK;.  12  75. 

valves  are  driven  by  cams  made  of  chilled  cast  iron,  located  on 
the  cam  shafts,  which  run  in  bearings  bolted  to  the  side  of  the 
valve  chambers. 

"The  inlet  and  exhaust  valves  are  of  the  unbalanced  mush- 
room type,  working  in  cages  secured  to  the  top  and  bottom  of  the 

valve  chamber.  Both  valves  and  their  cages  are  water-jacketed, 
in  order  to  prevent  back-firing  or  pre-ignitions  on  account  of  the 
i  rescheroue  nature  of  the  gas  used.  Each  inlet  valve  is  com- 

bined with  a  combination  mixing  and  throttling  valve,  of  piston 
form,  so  designed  that  when  the  inlet  valve  opens  gas  and  air 
ports  in  proper  proportion  are  open  for  the  passage  of  gas  and 
air  in  the  ratio  desired,  the  amount  of  the  opening  of  both  being 
fixed  by  t lie  governor.  From  this  it  will  be  evident  that  the 
engines  operate  with  variable  compression  and  constant  mixture, 
the  supply  of  air  and  gas  to  each  end  of  each  cylinder  being 
throttled  directly  at  each  inlet  valve  for  its  end  of  its  cylinder. 
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"The  exhaust  valves  are  of  cast  iron  with  nickel-steel  stems 
and  are  thoroughly  water-jacketed,  the  water  being  fed  to  and 
carried  from  the  valve  by  positive  circulation.  The  connection 
of  the  exhaust  valve  cages  with  the  exhaust  pipe  is  so  made  that 
the  cages  can  be  readily  removed  without  disconnecting  any  other 

part  of  the  engine." 
In  discussing  the  reasons  for  locating  the  valves  at  the  side, 

Mr.  Poole  quotes  the  builders  as  follows: 

"It  permits  of  the  use  of  an  absolutely  continuous  bedplate 
under  all  cylinders,  which  is  considered  essential  on  engines  as 

long  as  these  for  maintaining  absolute  alignment  and   permit- 
ting unrestricted  movement  to 

compensate    for    variations   in 
temperature  in   cylinder  walls 
and  connecting  parts. 

"A  solid,  unbroken  founda- 
tion from  one  end  of  the  engine 

to  the  other  is  thus  secured, 
and  the  builders  consider  that 

a  solid,  unbroken  foundation  is 

more  essential  for  a  gas  engine  FlG.  12_77.  _CvIindt,r  Con8tructionf 
than  for  any  other  prime  mover  Snow  Type  A  Ga8  Engine. 
on   account    of   the   enormous 

weight  of  the  reciprocating  parts  and  the  inability  to  fully  coun- 
terbalance. 

"It  enables  all  working  parts  of  the  engine,  without  exception, 
to  be  located  above  the  engine-room  floor  and  therefore  to  be  in 
full  view  of  the  attendants  at  all  times. 

"Inlet-  and  exhaust-valve  driving  motions  from  the  cam 
shaft  are  short  and  direct. 

"  Exhaust  valves  are  much  more  accessible  for  removal  when 
located  in  a  valve  chamber  on  the  side,  since  the  crane  can  be 

used  throughout  the  entire  operation  and  all  work  in  connection 
with  the  removal  and  displacement  of  the  exhaust  valves  is  done 
from  the  engine-room  floor. 

"With  valves  located  in  a  side  valve  chamber,  broken  inlet 
and  exhaust  valves  cannot  get  into  the  interior  of  the  cylinder 

and  lodge  between  the  piston  and  the  cylinder-head,  causing 
wrecks. 
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"It  has  been  very  generally  the  opinion  of  gas-engine  designers 
that  the  location  of  the  valves  in  a  side  valve  chamber  of  the 

kind  used  on  the  California  engines  entailed  the  certain  disadvan- 
tage that  foreign  material  entering  the  cylinder  with  the  air  and 

gas  would  deposit  on  the  bottom  of  the  cylinder  counterbore, 
while  if  the  exhaust  valve  be  located  on  the  bottom,  such  deposits 
will  be  carried  out  through  that  valve;  furthermore,  that 
lubricating  oil  collects  in  the  bottom  of  the  counterbore  and  is 

carbonized,  causing  back-firing  and  pre-ignitions.  Experience 
with  these  engines  thus  far  indicates  that  if  lubrication  is  properly 
effected  no  carbonized  oil  is  found  in  the  cylinder,  and  that  when 

oil  is  supplied  excessively  the  resulting  deposit  of  carbon  is  located 
not  on  the  surface  of  the  clearance  space,  but  on  the  top  of  the 

piston  barrel  directly  under  the  oil-inlet  holes,  on  the  piston  rod 
where  it  wipes  in  from  metallic  packing,  and  on  the  face  of  the 

cylinder  head  directly  under  and  close  to  the  piston-rod  hole 

in  the  head." 
The  Cockerill  Engine. — This  machine  is  built  by  the  Soc. 

Anon.  John  Cockerill  in  Seraing,  Belgium.  This  firm  builds 
several  types  of  engines,  differing  among  themselves  mainly 
in  their  valve  constructions.  Fig.  12-78  *  shows  a  1200  horse- 

power tandem  gas  engine,  in  which  the  inlet  valve  is  on  top,  the 
exhaust  valve  on  the  bottom  of  the  cylinder.  Both  are  operated 
apparently  from  the  same  cam  on  the  lay  shaft.  This  typo  of 
machine  is  built  either  for  quality  or  quantity  governing,  in 

which  case  the  construction  of  the  inlet  valve  differs.  Fig.  12-79 
shows  another  form,  a  single-cylinder  double-acting  engine  direct 
connected  to  a  blowing  cylinder.  The  details  of  the  valve  gear 

of  this  machine  are  quite  clearly  shown  in  Fig.  12-80. |  Both 
inlet  and  outlet  valves  are  side  by  side  at  the  bottom  of  the  cyl- 
inder. 

Figure  12-81  shows  the  latest  form  of  the  double-acting  tan- 
dem Cockerill  engine. $  The  distinctive  features  of  this  machine 

are  that  all  valves  are  placed  below  the  cylinder  and  that  eccen- 
trics only  are  used  for  operating  these .  valves.  The  valve  gear 

proper  represents  one  of  the  most  complicated  constructions  used 

*H.  Dubbel,  Z.  d.  V.  d.  I.,  Sept.,  1905. 
t  Giildner,  p.  479. 
JGiildner,  p.  481. 
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Via.  12-78. 

FIG.  12-79. 
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to-day  and  is  shown  in  section  in  Fig.  12-82.  In  this  figure  at 
the  left,  the  eccentric,  through  its  rod  a  and  the  lever  6,  operates 
the  cam  c  which  positively  opens  and  closes  the  exhaust  valve 

through  the  triple  lever  d.  The  inlet  valve  eccentric,  Fig.  12-82, 
at  the  right,  in  a  similar  manner  operates  the  gas  valve  cam  c 

and  the  inlet  cam  c'.  The  lever  b  actuating  the  gas  valve  cam 
is  disengaged  from  the  rod  a  when  the  trip  arrangement  /-/'  is 
brought  into  play  by  the  cam  disc  e.  The  position  of  this  disc 
on  its  shaft  is  regulated  by  the  governor,  through  the  linkage 
shown,  thus  effecting  speed  regulation.  The  dash  pot  h  allows 
the  gas  valve  to  seat  noiselessly  after  its  linkage  is  released. 

FIG.  12-81.  —  Cockerill  Double-acting  Tandem  Engine 

The  Cockerill  engine  has  found  considerable  application  in 
Europe,  there  being  about  80,000  B.  H.  P.  in  operation  in  121 
engines,  ranging  from  200  to  3000  B.  H.  P.  The  fuel  used  is 
mainly  blast  furnace  gas. 

The  Nurnberg  Engine.  —  Although  the  Allis-Chalmers  Company 
of  Milwaukee  have  been  the  American  licensees  of  the  Maschinen- 
Gesellschaft  Nurnberg,  makers  of  the  Nurnberg  engine,  the  large 
gas  engine  now  turned  out  by  the  American  firm,  differs  in  some 
of  the  important  details  from  the  original  German  design. 

The  Nurnberg  engine  is  to-day  perhaps  the  most  important 
four-cycle  gas  engine  built  in  Germany,  and  for  that  reason  a 
description  is  first  given  of  the  German  machine,  to  be  followed 

by  a  few  details  of  the  Allis-Chalmers  engine  as  far  as  they  could 
be  obtained. 
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All  of  the  medium  sized  and  large  Niirnberg  engines  are  double- 

acting,  either  single-cylinder  or  tandem.  They  range  in  size 
from  250  to  6000  horse-power,  the  larger  powers  being  the  twin- 
tandem  type.  Probably  the  best  description  ever  given  of  this 

machine  is  contained  in  Riedler's  "Gross  Gasmaschinen,"  from 
which  the  cross-section,  Fig.  12-83,  together  with  the  two  follow- 

ing figures,  is  taken.  This  cut  shows  frame,  cylinder,  and  valve 
construction  very  clearly.  The  only  part  rigidly  fastened  to  the 
foundation  is  the  main  frame,  which  is  of  the  center  crank  type, 
as  preferred  by  all  European  builders.  The  cylinders  rest  on 
supports  such  that  they  can  freely  expand  and  contract  under 
temperature  changes.  The  gas  and  inlet  valves  are  placed  on 
top  and  the  exhaust  valve  at  the  bottom  of  the  cylinder.  The 
inlet  and  exhaust  ports  are  cast  in  one  part  with  the  cylinder  and 

jacket  walls.  This  reduces  the  cylinder  heads  to  simple  water- 
jacketed  covers,  a  point  of  great  advantage  as  compared  with  the 
complicated  cylinder  heads  of  former  days.  All  valve  cages  with 
their  valves  are  easily  removable  for  inspection.  The  exhaust 

valves  are  water-cooled.  The  valves  are  operated  from  a  lay 
shaft  running  alongside,  Fig.  12-84,  by  means  of  eccentrics  and 
not  by  cams.  How  this  motion  is  transmitted  to  the  valve  stems 
by  roller  levers  to  avoid  shock  and  noise  is  very  clearly  shown 

in  Fig.  12-85.  The  pistons  are  as  simple  as  those  of  a  steam 
engine.  The  method  of  fastening  them  on  the  shaft  together  with 

the  water-cooling  arrangements  for  rods  and  pistons  are  indi- 
cated in  Fig.  18-83.  The  weight  of  piston  and  rod  is  carried  by 

outside  bearings,  which  relieves  both  cylinder  and  stuffing-boxes. 
The  greatest  attention  to  accessibility  has  been  paid  in  the 

design  of  this  engine.  As  shown  in  Fig.  12-86,  by  disconnecting 
the  piston  rod  between  the  cylinders,  disconnecting  the  connect- 

ing rod  and  sliding  the  rod  and  cross-head  forward,  and  by  taking 
off  the  front  and  rear  cylinder  covers,  the  entire  engine  interior  is 
at  once  open  to  inspection. 

The  Niirnberg  engine  regulates  by  pure  quality  regulation, 
that  is,  the  amount  of  gas  only  is  cut  down  as  the  load  drops. 
To  accomplish  this  there  is  a  gas  valve  placed  ahead  of  each  main 

inlet  valve  on  the  top  of  the  cylinder.  Fig.  12-83  shows  the  con- 
struction of  these  valves  in  section  and  the  method  of  operating 

them  by  eccentrics  from  the  lay  shaft  may  be  seen  in  Fig.  12-84. 
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Fig. 12-84, — Nurnberg Double-acting Tandem Engine. 

  

      
  

  
  

  

    

      
      

Fia. 12-85. — Details of Valve Gear, Niirnberg Engine.
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FIG.  12-84.  —  Niirnberg  Double-acting  Tandem  Engine. 

FIG.  12-85.  —  Details  of  Valve  Gear,  Niirnberg  Engine. 
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MODERN  TYPES  OF  COMBUSTION  ENGINES        345 

The  latter  illustration  also  shows  the  centrifugal  governor  and 
the  governor  shaft  running  alongside  of  the  cylinders.  From  this 

governor  shaft  reach  rods  run  to  the  gas-  valves  and  control  the 
time  of  the  opening  of  these  valves  in  the  manner  explained  in 
Chapter.  XIV.  In  some  of  the  later  engines  the  details  of  the 

governor  mechanism  are  changed  somewhat  *  but  the  principle 
of  operation  is  the  same  in  all,  i.e.,  to  open  the  gas  valve  later  in 
the  stroke  as  the  load  drops  and  to  keep  the  time  of  closure  the 

same.  The  air  is  not  throttled  at  any  time,  hence  the  compres- 
sion remains  about  the  same.  It  is  interesting  to  trace  out  the 

sequence  of  events  in  a  four-cycle  tandem  engine,  for  which  pur- 
pose Fig.  12-87  published  by  the  Allis-Chalmers  Company  is  given. 

SEQUENCE  OF  OPERATIONS  IN 

THE  FOUR-CYCLE,  DOUBLE-ACTING  SYSTEM! 

TANDEM  OR  TWIN  TYPE. 

J L  . 1                 «^- 

•  r  ' 
t t 

I   1 
Comp 

...lor> 

1                I 
Suction                ExKAust 

Connpr«.,,lon               Suctlor>                 f     ^        j    d  g 

POWER                 Compres.lon         ^                   J         Ird  s 

;«mpr.»»lon               Suction                                                           POWER                 ̂                     ™       4*h  S 

4  POWER  STROKES  IN  2   REVOLUTIONS. 

TIG.  12-87. 

Most  Xiirnberg  engines  operate  on  blast  furnace  gas.  The 

table  on  page  346,  also  from  the  catalogue  of  the  Allis-Chalmers 
Company,  will  serve  to  give  some  idea  of  the  cylinder  sizes,  speeds, 
floor-space,  etc. 

It  has  already  been  mentioned  that  the  engine  now  built  by 

the  Allis-Chalmers  Company  is  not  quite  like  the  Niirnberg  ma- 
chine. The  following  is  a  description  of  one  of  these  engines,  as 

given  in  Power,  .January  21,  1908.  The  engine,  Fig.  12-88  is  of 
the  twin-tandem,  double-acting  type  and  direct  connected  to  a 
1040  K.W.  Crocker- Wheeler  generator: 

"It  is  of  the  side-crank  type  so  generally  used  in  steam  engine 

*  See  Zeitschrift  ties  Vercins  deutscher  Ingenieure,  Aug.  11,  190G,  and  Sept. 
22,  1900. 
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construction.  The  pistons  are  supported  entirely  by  the  piston 
rods,  which  are  turned  with  sufficient  camber  to  make  them  dead 
straight  when  the  weight  of  the  pistons  is  put  on  them.  The 
rods  are  equipped  with  intermediate  and  tail  shoes,  as  usual  with 

large  tandem  construction,  running  on  guides  between  the  cylin- 
ders and  behind  the  rear  cylinder,  in  addition  to  the  main  cross- 

head. 
NURNBERG  GAS  ENGINE 

TABLE  OF  STANDARD  SIZES 

TANDEM TWIN TWIN-TANDEM 

Size  of c Floor Size  of c Floor Size  of c Floor 

Cylinders § 
Space 

Cylinders 
Space 

Cylinders § 
Space ft 

P* - ft 
fc & c^ 

C m 

•«* 

a  5 
3 c W 

"cl 

1 S a 

•°  t; 

c  * 

^3 
V .2 

« 

W^1 

fa 

.0
 

pa 

wfa 

fe 

_o 

M 

(4**" 

fa 

1 1 
3 

"3 

^ 

rt  rt 

"g Jq 

1 

"p 

^ 

S1? 

"H 

1 1 
3 

1 

.• 

cs"rt 

"c3 

1 HH 1 1 

u,c 

B 

6 
o 
c C £ 

1 

•£  °- 

1 
a c 

i-i 

V i PH 

**
 

6 
d J< 

•6 

T3 
'M  ̂  

•£ 

e 

jy 

T3 

T3 

•£ 

g 

Jid 

"S 

3 

Si 
   °
 

*5 

.2 
g & rt 

§5 

JH 

3 s I 
* 

CO 

3 S • 

% 

£  -2 

^S 

Q & 
M 

C/3 3 ^ Q t/5 M 
in M 3 ^ Q 

c« 

EM 

& a ^ 
18 24 150 260 

29 11 
18 

24 150 245 19 17 

18 

24 150 520 29 

17 

20 
24 

150 320 
29 

11 

20 

24 

150 
305 19 17 20 24 

150 640 
29 17 21 30 125 370 33 13 

21 

30 

125 350 22 

20 

21 

30 

125 
740 

33 

20 

22 30 125 405 33 
13 

22 30 125 
385 

22 

20 

22 30 125 810 33 

20 

24 30 125 490 
33 13 

24 

30 

125 
465 22 

20 24 

30 125 
980 

33 20 

24 36 

115 545 38 15 

24 36 

115 515 

25 

23 

24 36 115 1090 38 23 
26 36 115 630 38 15 26 36 115 

600 
25 

23 

26 

36 

115 

1260 

38 

23 

28 36 115 740 38 15 

28 

36 

115 
700 

25 

23 

28 36 
115 1480 

38 

23 

30 42 100 855 
44 

174 

30 42 
100 

810 

29 27 

30 42 
100 1710 

44 27 

32 
42 100 985 44 

17t 

32 
42 100 935 

29 27 

32 

42 
100 

1970 44 

27 

34 
42 100 1105 44 

34 42 

100 1050 

29 

27 

34 

42 
100 

2210 
44 

27 

36 48 
92 

1300 50 

2l
" 

36 48 92 1240 33 32 

36 

48 

92 

2600 
50 

32 
38 

48 
92 1460 50 21 

38 

48 

92 1400 

33 

32 

38 

48 

92 

2920 
50 

32 

40 
48 92 1630 

50 
21 

40 48 

92 1550 33 32 

40 48 

92 

3260 50 32 
42 54 

86 1875 

60 26 

42 54 86 

1780 

40 

38 

42 54 86 3750 

60 

38 
44 54 86 2080 

60 

26 

44 54 86 1980 

40 

38 

44 

54 

86 
4160 

60 

38 

46 
54 86 

2280 

60 

26 46 

54 86 

2170 

40 

38 46 

54 86 

4560 

60 

38 48 60 78 
2475 70 30 

48 60 

78 
2350 

45 

44 48 60 78 
4950 

70 

44 50 60 78 2720 70 

30 50 

60 

78 

2580 

45 

44 

50 60 

78 5440 70 

44 

52 
60 

78 2950 70 30 52 

60 

78 
2800 

45 44 

52 

60 

78 
5900 

70 

44 

NOTE  —  The  overall  widths  given  in  the  above  tables  allow  for  a  plain  fly-wheel: 
proper  addition  must  be  made  if  a  band-wheel  is  substituted  or  an  electric  generator 
direct  connected  upon  the  crank-shaft. 

"There  are  two  inlet  valves  to  each  combustion  chamber,  one 
for  air  and  one  for  gas,  but  both  are  mounted  in  a  single  cage. 
The  air  valve  is  of  the  piston  type  and  the  gas  valve  is  of  the 

poppet  type,  its  axis  being  in  line  with  that  of  the  air  valve. 
The  latter  is  opened  at  the  beginning  of  the  suction  stroke  and 
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kept  open  throughout  that  stroke.  The  gas  valve,  however,  is 
open  during,  varying  proportions  of  the  suction  stroke,  according 
to  the  requirements  of  the  load.  The  engine,  therefore,  operates 
with  constant  compression  and  varying  mixture  proportions. 
The  compression  pressure  is  about  180  pounds  per  square  inch, 
absolute. 

"  The  ignition  is  by  make-and-break  mechanism  electrically 
operated;  that  is,  the  movable  electrode  is  rocked  by  means  of  an 
electromagnet  and  the  latter  is  energized  by  the  ignition  current 

controlled  by  a  'timer'  or  so-called  commutator  driven  synchro- 

I-'i<;.  11!  88.  — Allis-Chalmers  Double-acting  Twin  Tandem  Engine. 

nously  with  the  cam  shaft.  Tell-tale  incandescent  lamps  are 
connected  in  circuit  with  the  igniter  magnets  and  indicate  the 

performance  or  default." 
The  main  differences  between  this  and  the  Nurnberg  engine 

then  appear  to  be  different  cylinder  supports,  the  combination  of 

the  gas  and  inlet  valves  in  one  housing,  and  the  use  of  the  side- 
crank  frame. 

Premier  Engine.  —  Probably  the  best  description  of  this 

engine  is  found  in  Robinson's  "Gas  and  Petroleum  Engines."  It 
is  of  what  is  known  as  the  positive  scavenger  type,  i.e.,  the  com- 

bustion chamber  is  thoroughly  washed  out  with  air  before  a  new 

charge  is  admitted.  The  cylinder  is  single-acting,  and  single- 
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348  INTERNAL  COMBUSTION  ENGINES 

cylinder  and  tandem  units  are  built.  The  former  go  up  to  250 

horse-power,  the  latter  up  to  1200  horse-power.  The  pump 
serving  to  furnish  the  air  for  scavenging  is  usually  placed  ahead 
of  the  first  power  cylinder,  but  in  some  of  the  later  designs  the  air 
pump  is  placed  obliquely  above  the  first  cylinder. 

Figures  12-89  and  12-90  are  two  illustrations  from  Robinson. 
The  first  shows  the  general  appearance  of  the  machine,  the  method 
of  operating  the  inlet  and  exhaust  valves  from  the  lay  shaft,  the 

oblique  rod  to  operate  the  air-pump  valve,  and  the  governor 
details.  The  second  shows  several  sectional  views  from  which 

the  operation  may  be  explained.  The  piston  D  of  the  single- 
acting  air  pump  is  rigidly  connected  to  the  piston  C  of  the  first 
power  cylinder.  The  second  power  piston  is  connected  by  means 
of  the  yoke  K  and  the  side  rods  R  R  to  the  air  pump  piston. 

Thus  the  use  of  a  stuffing-box  in  the  combustion  chamber  of  the 
forward  power  piston  is  avoided.  H  H  are  the  combination  air 
and  gas  inlet  valves,  and  G  G  the  exhaust  valves,  operated  as 
shown  in  the  transverse  cross-section. 

The  operation  is  as  follows:  On  the  out  stroke,  air  is  admitted 
to  the  air  pump  D  through  the  grid  valve  F,  shown  in  the  section 
X  X.  On  the  return  stroke  this  air  is  compressed  into  the  passage 

D-E,  and  serves  to  scavenge  out  the  power  cylinder  just  exhaust- 
ing when  the  inlet  valve  H  into  that  cylinder  is  opened  about  one- 

half  exhaust  stroke.  On  the  next  out  stroke  the  air  pump  takes  a 
new  charge,  but  at  the  same  time  the  valve  F  has  also  opened 

communication  to  the  passage  E,  so  that  the  cylinder  just  charg- 
ing may  draw  air  freely.  Above  the  inlet  valve  H  there  is  placed 

a  cylindrical  valve,  which  during  the  scavenging  action  opens  the 
air  ports  completely  and  keeps  the  gas  ports  closed,  but  which, 
at  the  beginning  of  the  charging  stroke,  shifts  its  position  to  give 
the  proper  relation  between  air  and  gas.  While  the  exhaust  and 
charging  strokes  above  described  take  place  in  one,  say  the  first, 
cylinder,  the  second  has  completed  its  compression  and  expansion 
strokes.  On  the  third  (the  in  stroke)  of  the  pump,  therefore,  we 
shall  have  compression  in  the  first  cylinder  and  exhaust  in  the 

second.  The  pump  then  scavenges  out  the  second  cylinder  dur- 
ing the  last  half  of  its  exhaust  stroke. 
Speed  regulation  in  this  engine  is  effected  by  the  governor 

cutting  out  the  gas  from  the  back  cylinder  altogether  below  a 
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MODERN  TYPES  OF  COMBUSTION  ENGINES        351 

certain  load.  Above  this  a  charge  of  gas  is  admitted  occasion- 
ally, while  above  half  power  both  cylinders  work  practically 

continuously. 

Robinson  states  that  the  tandem  design  and  the  positive 
scavenging  action  make  the  Premier  engine  well  adapted  for  the 

burning  of  cheap  fuel  gas.  Giildner  judges,  from  the  high  effi- 
ciencies obtained  in  conjunction  with  mean  effective  pressures 

exceeding  110  pounds  per  square  inch,  that  the  combustion  process 
in  this  engine  must  be  very  perfect. 

The  Deutz  Engine.  —  The  Deutz  Company  of  Deutz-Cologne 
were  the  first  firm  to  build  Otto  engines  and  they  have  from  the 
first  been  prominently  identified  with  the  development  of  this 

type  of  engine.  Their  present-day  constructions  embrace  several 
designs  of  excellent  form. 

The  large  engines  are  all  double-acting  and  are  made  either 
single-cylinder,  twin  or  tandem.  The  general  features  of  the  de- 

sign of  a  600  B.  H.  P.  twin  engine  are  shown  in  longitudinal  cross- 

section  in  Fig.  12-91  and  in  transverse  section  in  Fig.  12-92.* 
The  cylinder  differs  from  that  of  the  Niirnberg  engine  in  that  the 
jacket  wall  is  not  continuous.  This  is  done,  of  course,  to  prevent 
temperature  stresses.  The  central  space  is  closed  by  a  saddle 
casting  as  shown.  Inlet  and  exhaust  valves  are  placed  in  separate 
cages  easily  removable.  The  details  of  piston  design  and  the 

water-cooling  arrangements  are  clearly  indicated.  The  manner  of 
operating  the  valves  from  the  lay  shaft  is  shown  in  Fig.  12-92. 
All  Deutz  engines  govern  by  throttling  a  mixture  of  constant 
composition.  In  the  particular  engine  under  discussion  the 

throttle  valve  is  a  multi-ported  cylinder  surrounding  the  inlet 
valve  stem.  It  is  so  designed  as  to  keep  the  ratio  of  gas  to  air 

the  same  as  that  set  by  the  hand-operated  valves  shown  in  the  gas 
and  air  passages,  but  depending  on  the  load,  the  mixture  is 
throttled  more  or  less.  How  the  movement  of  the  valve  is  con- 

trolled by  varying  the  position  of  the  fulcrum  about  which  the 
throttle  valve  lever  turns  can  be  easily  traced  out  by  following 
the  governor  linkage. 

The  arrangement  of  the  throttle  valve  is  somewhat  different 

in  smaller  engines.  Thus  in  the  250  B.  H.  P.  engine,  a  cross- 
section  of  which  is  shown  in  Fig.  12-93,  the  throttle  valve  is 

*  From  H.  Dubbel,  Zeitschrift  d.  V.  d.  I.,  Sept.  2,  1905. 
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Fia. 12-93. — Valve Gear Details, 250 B. H. P. Deutz Engine. 
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FIG.  12-93.  —  Valve  Gear  Details,  250  B.  H.  P.  Deutz  Engine. 
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independent  of  the  main  inlet  valve.  The  governing  features, 
however,  are  quite  similar. 

The  Oechelhduser  Engine.  —  The  Oechelhauser  Engine,  built 
by  several  firms  in  Germany,  is  a  two-cycle  machine  of  distinctive 
design,  as  may  be  seen  from  the  cross-sections,  Figs.  12-94,  which 
represents  a  1000  horse-power  machine  built  by  A.  Borsig.* 

The  power  cylinder  is  open  at  both  ends  and  contains  two 

single-acting  pistons.  The  front  piston  is  connected  to  the 
middle  crank  of  a  three-throw  crank  shaft  by  piston  and  connect- 

ing rod  in  the  ordinary  manner.  The  rod  of  the  back  piston  is 
fastened  to  a  yoke  which  transmits  the  motion  through  rods  on 

each  side  of  the  cylinder  to  cross-heads  and  connecting  rods 
working  on  the  two  outside  crank  pins.  This  construction, 
while  complex  and  probably  costly,  results  in  almost  perfect 
balance.  There  are  no  valves  as  such.  The  exhaust  gases  escape 
through  a  ring  of  ports  which  is  uncovered  by  the  front  piston 
near  the  end  of  the  out  stroke.  Similarly  the  back  piston  near  the 
end  of  its  out  stroke  uncovers  first  a  ring  of  ports  admitting  a 

charge  of  air  for  scavenging,  and  a  moment  later  the  gas  or  mix- 
ture ports.  On  the  return  stroke  these  rings  of  ports  are  covered 

one  after  the  other  and  compression  ensues  between  the  two 
pistons.  When  in  their  inner  dead  center  position,  ignition  is 
made  to  take  place  electrically,  and  the  pistons  are  driven  apart 
on  their  power  strokes. 

Gas  and  air  under  certain  small  pressures  are  furnished  to 

the  receivers  surrounding  the  inlet  ports  by  means  of  a  combina- 
tion air  and  gas  pump  which  is  usually  operated  by  a  tail  rod.  In 

blowing  engines  the  blowing  cylinder  is  usually  so  connected,  and 
the  air  and  gas  pump  is  then  placed  under  floor. 

At  full  load  the  mixture  follows  the  preliminary  charge  of 

pure  air  used  for  scavenging  to  about  three-quarters  or  seven- 
cighths  of  the  stroke.  Regulation  is  effected  by  controlling  the 
amount  of  mixture  admitted  to  the  cylinder.  The  means  for 
doing  this  are  discussed  in  Chapter  XIV. 

Oechelhauser  engines  have  given  good  satisfaction  on  blast- 
furnace and  coke-oven  gas.  The  general  appearance  of  a  twin 

engine  of  this  type  is  shown  in  Fig.  12-95. 

*  Hoffman,  Zeitschrift  d.  V.  d.  I.,  Sept.  15,  190(5. 
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B.  Liquid  Fuel  Engines 

3.  GASOLINE  ENGINES.  —  The  very  great  majority  of  all  port- 
able internal  combustion  engines  are  gasoline  engines,  and  the 

same  is  true  of  a  large  percentage  of  stationary  internal  combus- 
tion engines  for  small  powers.  We  may  thus  divide  all  gasoline 

engines  into  three  classes  —  stationary  engines,  marine  engines, 
and  automobile  engines.  The  number  of  firms  engaged  in  the 
manufacture  of  these  engines  is  very  large.  Usually  the  various 
makes  differ  only  in  minor  detail,  and  for  that  reason  only  one 
or  two  type  examples  under  each  class  will  be  considered. 

Stationary  Gasoline  Engines.  —  The  general  type  of  this 
machine  either  vertical  or  horizontal  does  not  differ  much  from 

that  of  the  small-powered  stationary  gas  engine,  several  makes  of 
which  have  already  been  discussed.  It  is  usually  possible  to  con- 

vert any  gas  engine  of  this  type  into  a  gasoline  engine  by  the  simple 
addition  of  a  carbureting  device.  A  number  of  the  latter  have 
been  described  in  Chapter  VIII. 

The  Foos  Gasoline  Engine.  —  This  machine  is  made  by  the 
Foos  Gas  Engine  Company  of  Springfield,  Ohio.  The  cylinder, 

Fig.  12^96,  is  partly  supported  by  the  frame,  making  an  especially 
rigid  construction.  The  cylinder  head  is  a  plain  flat  cover.  Both 

valves,  which  are  of  the  poppet  type,  work  upward  and  are  me- 
chanically operated;  they  are  not  affected  by  any  governor  action. 

Thus  if  the  governor  keeps  the  fuel  valve  closed,  pure  air  is 

worked  through  the  engine,  cooling  the  cylinder  and  clearing  it 
thoroughly  from  burned  gases.  The  valves  are  operated  by  bell 
cranks  and  rods  as  shown.  These  rods  are  in  turn  actuated  by 

cams  on  the  shaft  of  the  secondary  gear,  A,  Fig.  12-96.  The 
valves  have  their  seat  castings  separate  from  the  cylinder,  but  in 

order  to  remove  the  valves  for  inspection  or  regrinding  it  is  nec- 
essary only  to  remove  the  plugs  in  the  top  of  the  valve  cages.  In 

Fig.  12-96,  B  is  the  rod  operating  the  fuel  valve,  C  the  fuel  pump, 
and  D  the  igniter  rod.  The  fuel  may  be  gasoline,  naphtha,  or 
distillate. 

Foos  engines  are  governed  on  the  hit-and-miss  principle.  In 
Fig.  12-97,  E  is  the  igniter  rod,  C  the  fuel  valve  lever  which  is 
oscillated  by  a  cam  on  the  shaft  of  the  secondary  gear  G.  This 

gear,  through  a  pinion,  also  drives  the  governor  D.  The  latter' is 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 1968



  

MODERN TYPES OF COMBUSTION ENGINES 359 

  

  
  
  

  
Fig. 12-97. — Governing Details, Foos Engine.
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FIG.  12-96.  —  Foos  Gasoline  Engine. 

Fui.  12-97.  —  Governing  Details,  Foos  Engine. 
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of  the  fly-ball  type,  and,  when  the  speed  becomes  excessive,  pulls 
the  block  B,  on  the  lower  end  of  the  governor  lever  A,  out  of  line 
with  the  blade  F.     Thus  F  misses  the  fuel  valve  rod  and  the  en- 

gine fails  to   receive    a    charge. 
The  speed  of  the  engine  may  be 
adjusted    during    operation    by 

varying  the  position  of  the  ful- 
crum A  by  turning  the  nut  H. 

In  place  of  the  ordinary  ham- 
mer break  system,  a  wipe  spark 

igniter    is    employed.     In    Fig. 
12-98,   the  revolving   electrode, 
every  second  turn  of  the  engine, 

wipes  over  and  snaps  off  the  in- 
sulated    electrode.       Thus     the 

points    of    contact    are    always 

kept  clean  and  bright.     The  igniter  is  placed  directly  over  the 
inlet  valve  to  insure  a  good  combustible  mixture. 

-  The  Olds  Gasoline  Engine.  —  Fig.  12-99  shows  the  carbureter 

FIG.  12-98.  —  Wipe  Spark  Igniter, 
Foos  Engine. 

FIG.  12-99.  —  Olds  Gasoline  Engine. 

side  and  Fig.  12-100  the  valve  construction  of  the  Olds  Type  A 
gasoline  engine.     This  is  an  engine  of  very  simple  design.     Both 
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valves  are  of  the  poppet  type,  the  upper,  the  inlet  valve,  being 
automatic  while  the  exhaust  valve  is  operated  by  bell  crank  and 

push  rod.  The  latter  is  actuated  by  a  cam.  Fig.  12-99  shows  the 
carbureter  and  its  adjusting  valve.  Until  recently  the  gasoline 
was  fed  to  the  carbureter  from  a  small  reservoir  kept  filled  to  a 
certain  level  by  a  small  plunger  pump  driven  from  the  shaft.  In 

some  of  the  recent  designs  this  pump  has  been  eliminated, 'the 
carbureter  getting  fuel  by  simple  suction  feed. 

FIG.  12-100.  —  Olds  Gasoline  Engine. 

The  governor,  which  is  of  the  fly-wheel  type,  is  shown  in  Fig. 
12-100.  It  operates  to  keep  the  exhaust  valve  open  when  the 
speed  exceeds  the  normal,  at  the  same  time  locking  the  inlet 
valve,  so  that  no  charge  can  enter  the  cylinder.  The  governor 
may  be  adjusted  to  give  speeds  varying  from  200  to  600,  and  a 

change  of  about  50  turns  per  minute  may  be  made  while  the  en- 
gine is  in  operation. 

The  jump  spark  ignition  system  is  used,  which  is  unusual  in 
small  stationary  engines.  The  governor  serves  also  to  throw 
the  commutator  of  the  system  out  of  action  should  the  engine 

fail  to  take  a  charge  on  a  miss-stroke. 
Type  A  Olds  gasoline  engines  are  built  in  six  sizes  from  3  to  18 

horse-power. 
Marine  Gasoline  Engines.  —  These  engines  are  of  either  the 
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two-  or  four-cycle  type,  but  in  nearly  all  cases  vertical.  The 
maximum  power  developed  in  one  cylinder,  in  the  ordinary  launch 

motor,  is  usually  about  5-8  horse-power,  higher  power  than  this 
being  obtained  by  the  multiplication  of  cylinders. 

Perhaps  the  majority  of  engines  of  this  type,  especially  those 
of  fairly  high  speed,  600  to  800,  are  equipped  with  the  jump  spark 
system;  many  builders,  however,  favor  the  hammer  break  ignition. 

FIG.  12-101.  —  Strelinger  Four-cycle  Marine  Engine. 

Small  gasoline  boat  engines  are  very  rarely  fitted  with  gover- 
nor control.  The  speed  is  changed  in  most  cases  with  the  throttle 

or  the  spark,  or  both,  as  in  automobile  engines.  A  favorite  way 
of  checking  the  speed  of  small  boats  is  by  the  use  of  a  reversible 

propeller,  in  which 'case  the  speed  of  the  engine  need  not  be 
changed  in  any  way. 

The  following  two  types  of  engines  illustrate  the  general 

features  of  the  four-  and  two-cycle  marine  engines. 
The  ̂ trelinger  Four-cycle  Marine  Gasoline  Engine.  —  A  10 

horse-power  engine  made  by  the  C.  A.  Strelinger  Company  is 
illustrated  in  Fig.  12-101  and  Fig.  12-102.  In  this  design  the 
heads  are  cast  in  one  part  with  the  cylinders.  The  latter  are 
rigidly  bolted  to  the  crank  case  casting.  The  cam  shaft  and  its 
drive  are  enclosed  in  the  crank  case.  The  cams  on  this  shaft 
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operate  the  exhaust  valve  and  the  trip  gear  of  the  make-and- 
break  igniter.  By  pushing  in  the  lever,  marked  255  in  Fig.  12-101, 
at  starting,  the  compression  is  partly  relieved  and  the  spark  re- 

tarded on  all  of  the  cylinders,  making  starting  easier.  After  start- 
ing the  lever  is  returned  to  its  former  position.  There  seems  to 

be  no  other  spark  control. 

FIG.  12-102.  — Strclingr  Engine. 

The  inlet  valve  is  automatic.  Above  each  inlet  valve  there 

is  a  throttle  valve  whose  position  is  controlled  by  the  lever  H. 
The  combustible  mixture  is  formed  by  drawing  the  air,  for  the 
purpose  of  warming  it,  from  around  the  exhaust  pipe,  and 
through  the  pipe  X,  Fig.  12-101,  through  the  mixing  valve  B,  Fig. 
12-102.  Here  it  picks  up  a  certain  quantity  of  gasoline,  which  is 
furnished  through  pipe  A  and  the  needle  valve  C,  and  then  passes 
through  pipe  Y  to  the  cylinders.  Mixing  valve  B  is  autotnatic, 
adjusting  the  amount  of  gasoline  to  the  amount  of  air  passing. 
The  latter  of  course  depends  upon  the  position  of  the  throttle 
valve  and  the  load  on  the  engine.  The  mixture  is  claimed  to  be 
uniform  through  the  range  of  si>eeds. 
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The  Lozier  Two-cycle  Marine  Engine.  —  Like  nearly  all  small 
two-cycle  engines,  this  machine  precompresses  the  charge  in  the 
crank  case.  In  Fig.  12-103  *  an  explosion  has  just  taken  place 
above  the  piston.  The  new  charge  of  gasoline  vapor  and  air  has 
just  been  drawn  into  the  crank  case  B  through  the  opening  A 
from  the  carbureter.  The  explosion  forces  the  piston  down  and 
compresses  the  charge  in  B  to  a  pressure  in  the  neighborhood  of 
5  pounds.  Near  the  end  of  the  down  stroke  the  upper  edge  of 

the  piston  uncovers  the  exhaust  port  F,  Fig.  12-104,  and  the 
larger  part  of  the  burned  gases  escape.  A  moment  later  the  inlet 

port  C,  Fig.  12-105,  is  also  opened,  and  the  new  charge  enters, 
being  deflected  upward  by  the  baffle  G  and  driving  out  the  rest  of 
the  burned  gases.  On  the  next  succeeding  up  stroke  the  piston 
closes  first  the  inlet  port,  next  the  exhaust  port,  and  compression 
commences.  Ignition  takes  place  when  the  igniter  gear  moves 

one  of  the  electrodes  and  breaks  the  contact  at  E,  Fig.  12-103. 
The  igniter  gear  is  shown  in  detail  in  Fig.  12-106.  Normally  the 
outside  blade  E  which  pivots  about  F  is  held  down  by  the  plun- 

ger D,  so  that  the  lower  electrode  inside  of  the  cylinder  is  not  in 
contact  with  the  upper.  The  rod  B  is  moved  up  and  down  by  an 
eccentric  on  the  engine  shaft.  On  the  upward  motion  the  plunger 

D  is  forced  upward,  allowing  plunger  M  to  raise  E  so  that  just  be- 
fore the  spark  is  desired  the  electrodes  inside  are  in  contact  and 

the  circuit  is  made.  In  the  meantime  the  point  of  the  adjustable 
screw  J  commences  to  force  the  trigger  C  to  one  side  until,  at  the 
moment  the  spark  is  desired,  the  plunger  D  snaps  off  suddenly, 
breaking  contact  inside  by  forcing  down  the  blade  E. 

The  carbureting  device,  Fig.  12-107,  is  simple  and  effective. 
The  air  is  pre-heated  by  passing  it  around  the  exhaust  pipe. 
Gasoline  enters  at  F,  and  mixes  with  the  air  when  the  inrush  due 

to  the  suction  in  the  crank  case  lifts  the  automatic  valve  B,  flow- 

ing out  from  opening  A  in  the  seat  of  the  valve.  The  dial  D  indi- 
cates the  position  of  the  gasoline  valve. 

The  speed  of  the  engine  is  controlled  by  the  position  of  a  butter- 
fly throttle  valve  in  the  transfer  passage,  as  indicated  in  Fig. 

12-103. 

The  particular  construction  of  the  two-cycle  machine  above 
described  is  known  as  the  two-port  two-cycle.  In  this  type  the 

*  Sibley  College  Thesis  of  Bayne  and  Speiden. 
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port  admitting  the  charge  to  the  crank  case  is  at  no  time  covered 
by  the  piston.  Hence  the  carbureting  device  is  subject  to  the 
pressures  generated  by  possible  explosions  in  the  crank  case, 
and  if  this  is  of  such  type  as  to  be  hurt  by  such  explosion,  it  must 
be  suitably  protected  by  check  valve.  This  difficulty  is  overcome 
by  the  use  of  the  three-port  two-cycle  engine.  This  is  the  type 
of  engine  in  which  the  piston  also  controls  the  inlet  port  into  the 

crank  case,  as  is  clearly  shown  in  Fig.  12-108,  which  illustrates 

FIG.  12-106.  —  Igniter  Gear  Lozier  Two-cycle  Marine 
Engine. 

the  construction  and  operation  of  the  Fairbanks  vertical  Marine 
Engine. 

The  application  of  the  internal  combustion  engine  to  the 
propulsion  of  vessels  other  than  pleasure  launches  is  becoming 
of  more  and  more  importance.  At  the  present  day  several 
rather  small  sized  cargo  boats  and  barges  are  already  fitted  with 
suction  gas  apparatus  and  engines.  The  question  has  perhaps 
received  the  greatest  amount  of  attention  in  England,  where 
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Crossley  Brothers,  Thornycroft,  and  Vickers  Sons  &  Maxim 

have  built  suction  gas  apparatus  for  marine  propulsion.*  In  this 
country  the  Standard  Motor  Construction 
Company  of  Jersey  City  have  lately  turned 

out  a  marine  gas  engine  which  deserves  spe- 
cial attention. 

The  Standard  Marine  Gasoline  Engine. 

-  The  following  description  of  this  engine 
appeared  in  International  Marine  Engineer- 

ing, September,  1907.  The  data  given  refers 

to  the  300  horse-power  engine  of  the  motor 
yacht  Standard,  but  a  500  horse-power  en- 

gine of  the  same  type  for  the  schooner  North- 
land has  already  been  built. 

Figure  12-109  shows  a  cross-section  of 

the  Standard's  engine, and  Fig.  12-110  a  view 
of  the  inlet  side.  The  following  is  the  description  given: 

"These   engines   have   in   reality   twelve   working   cylinders, 

FIG.  12-107.  —  Carbu- 

reter Lozier  Two-cy- 
cle Marine  Engine. 

FIG.  12-108.  —  Fairhank  Vertical  Three  Port  Two-cycle  Marine  Engine. 

figured  from  the  point  of  view  of  the  usual  construction  of  gas 

engines.     The  result  is  an  extremely  smooth  and  quiet  running 

*  See  an  interesting  article  by  A.  V.  Coster  on  "  Gas  Power  on  Shipboard," 
in  Cussier's  Magazine,  November,  1907. 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 1977



368 

Fic. 12- 1 be 

 
 

M 

 
 

 
 

  
a
i
e
 

en
 

or
 

bi
st

d 
G
o
r
e
m
m
e
m
m
s
t
t
a
t
n
s
 
S
Q
N
 

arr 

  
 
 

C  
 

  
  

S
E
A
N
 

A
A
N
A
 

J 
S
 

rf 
: 
e
s
 

S 
—
—
 

: 
: 
—
 

S
E
S
S
 
S
E
S
S
 

ne Gasolii 

I
E
 

 
 

— Cross-section of 300 H 

ne Engine. 

 
 

 
 

 
 

12 

      

INTERNAL COMBUSTION ENGINES 

Ss tandard 

 
 
 

368 

Fic. 12- 1 be 

 
 

M 

 
 

 
 

  
a
i
e
 

en
 

or
 

bi
st

d 
G
o
r
e
m
m
e
m
m
s
t
t
a
t
n
s
 
S
Q
N
 

arr 

  
 
 

C  
 

  
  

S
E
A
N
 

A
A
N
A
 

J 
S
 

rf 
: 
e
s
 

S 
—
—
 

: 
: 
—
 

S
E
S
S
 
S
E
S
S
 

ne Gasolii 

I
E
 

 
 

— Cross-section of 300 H 

ne Engine. 

 
 

 
 

 
 

12 

      

INTERNAL COMBUSTION ENGINES 

Ss tandard 

 
 
 

368 INTERNAL  COMBUSTION  ENGINES 

FIG.  12-109.  —  Cross-section  of  300  H.P.  Standard 
Marine  Gasoline  Engine. 
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machine,  well  balanced,  and  with  the  valves  so  arranged  that 
practically  the  only  vibration  noticeable  is  occasioned  by  the 
force  feed  oil  pumps,  which  give  individual  feed  to  every  cylinder 

and  bearing.  Ignition  is  of  the  make-and-break  type,  while 
pistons  and  piston  rods  are  water-cooled,  and  water  flows  freely 
also  through  the  valves.  A  very  noticeable  advantage  of  the 

double-acting  engine  is  the  practical  impossiblity  of  any  leakage 
of  gas  into  the  engine  room,  because  the  piston,  instead  of  being 

open  to  the  atmosphere,  as  in  most  types  of  single-acting  engine,  is 
operated  from  a  piston  rod  running  through  a  metallic  stuffing- 
box.  The  operation  of  the  valve  shaft  is  obtained,  as  in  a  large 
steam  engine,  by  using  a  small  air  cylinder;  this  is  also  used  for 
turning  the  engine  over. 

"The  bore  and  stroke  of  the  Standard's  engine  are  each  10 
inches;  the  weight  is  7500  pounds,  or  25  pounds  per  horse-power; 
the  length  over  cylinders  is  8  feet  3  inches;  length  over  all,  10  feet 
4  inches;  the  total  height  is  5  feet  6|  inches,  of  which  4  feet  9£ 
inches  come  above  the  center  of  the  shaft;  the  width  of  the  base 

is  30  inches;  while  the  greatest  width  over  cylinders  is  34  inches. 

"The  illustrations  of  the  new  motor,  as  shown,  serve  to  confirm 
the  impression  of  a  torpedo  boat  engine,  as  the  same  type  of 

supports,  connecting  rods,  cross-heads,  and  guides  are  here  used 
that  one  is  accustomed  to  in  the  other  kind  of  engine.  The 

double-acting  principle  necessitates  some  radical  changes  from 
the  usual  marine  gasoline  motor  design,  such  as  water-cooling  the 
pistons,  connecting  rods,  valves  and  other  parts  exposed  to 
the  intense  heat  produced  in  cylinders  of  such  large  volume. 
Inlet  and  exhaust  valves  are  located  on  the  opposite  sides  of  the 
head,  as  is  customary  with  many  automobile  and  marine  engine 
builders.  The  upper  and  lower  ends  of  the  cylinders  are  alike, 
with  a  regular  marine  engine  piston  and  connecting  rod. 

"The  method  of  getting  the  gas  into  the  cylinders  is  very 
neatly  and  simply  worked  out,  as  is  shown  in  the  inlet  side.  One 
branch  pipe  leads  up  to  the  cylinders  from  the  center,  and  then 
runs  to  each  end  of  three  cylinders.  The  spark  and  throttle 

control  levers  are  mounted  on  top  of  the  air  cylinder,  which  con- 
trols the  travel  of  the  cam  shaft.  One  essential  point  of  difference 

between  the  ordinary  motor  and  this  motor  is  that  the  valves 

are  pulled  up  instead  of  being  pushed  up,  that  they  are 
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balanced  and  that  they  are  water-cooled  by  a  stream  of  water  which 
flows  through  them  constantly.  This  type  of  valve  has  been 
adopted  by  theStandard Company  for  all  their  large  type  of  motors, 
and  has  been  found  to  work  exceedingly  well.  On  this  side,  also, 
are  located  the  trips  which  operate  the  sparkers  for  all  cylinders. 

"The  exhaust  valves  are  operated  from  a  cam  shaft  which  is 
a  duplicate  of  that  upon  the  inlet  side.  These  valves  are  also 

water-cooled  and  discharge  directly  into  a  large  water-cooled 
exhaust  box,  from  which  the  gases  are  led  to  the  muffler.  The 
oil  feeds  are  directly  under  the  exhaust  box,  with  individual  leads 
to  distribute  the  oil  to  the  different  bearings.  Directly  below 

and  behind  this  are  shown  the  air  inlets  to  the  cylinders  for  start- 
ing. In  a  large  motor  of  this  kind  the  problem  of  properly  cooling 

it  and  keeping  it  well  oiled  is  a  difficult  one,  and  the  working  out 
of  the  systems  by  which  these  results  are  accomplished  is  more 
complicated  than  it  would  be  for  a  small  motor,  but  the  owner 
of  a  motor  of  this  size  could  hardly  expect  to  operate  his  own 
engine,  and  in  reality  the  successful  working  of  the  motor  does  not 
demand  a  higher  order  of  skill  than  is  to  be  expected  from  the 

engineer  of  an  ordinary  triple-expansion  steam  engine.  While 
the  appearance  of  the  motor  is  complicated,  this  complication  is 
more  apparent  than  real.  Every  function  of  the  motor  has  been 
carefully  thought  out  and  provision  made  to  assure  its  proper 
working  under  all  conditions.  All  Standard  motors  of  large 

power  have  been  made  self-starting  and  reversing,  the  same  prin- 
ciples which  have  been  found  so  successful  being  employed  in 

this  latest  type:  but  in  the  double-acting  type  both  the  inlet  and 
exhaust  valves  are  mechanically  operated,  as  against  the  exhaust 

valves  only  in  the  other  self-starting  and  reversing  motors. 
Another  important  difference  is  that  in  this  type  all  the  cylinders 

are  cast  separately,  and  the  motor  is  really  two  three-cylinder 
motors  coupled  together  for  purposes  of  economy  in  construction 
and  replacement,  should  such  be  necessary.  , 

"The  self -starting  is  accomplished  by  compressed  air  being 
admitted  on  one  end  of  three  cylinders  by  a  special  set  of  cams. 

The  cylinders  turn  the  motor  until  it  takes  up  its  cycle  upon  gaso- 
line. The  cam  shafts  which  actuate  all  valves  are  so  made  as  to 

move  longitudinally  on  their  axes,  and  to  bring  appropriate  cams 
into  action  for  either  direction.  As  the  physical  labor  required  to 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 1981



372  INTERNAL  COMBUSTION  ENGINES 

perform  this  operation  would  be  considerable  in  a  motor  of  this 
size,  an  air  cylinder  is  added  to  perform  this  work,  so  that  the 
only  manual  labor  in  connection  with  running  the  motor  is 
that  in  operating  the  two  handles  shown  on  the  left  side  of 

Fig.  12-110.  One  lever  controls  the  position  of  the  cams, 
whether  for  ahead  or  astern,  while  the  other  controls  the  spark 

and  throttle.  In  this  motor  the  necessity  of  a  fly-wheel  is  entirely 
done  away  with,  and  operating  at  any  speed,  from  maximum 
to  minimum,  little  or  no  vibration  is  felt.  The  motor  is  mounted 

upon  a  base  of  angle  iron  with  castings  for  each  individual  bear- 

ing, and  has  the  usual  marine  collar  thrust  bearing." 

FIG.  12-111.  —  Engine  of  1907  Franklin  Car. 

The  Automobile  Gasoline  Engine.  —  It  would  be  beyond  the 
scope  of  this  book  to  enter  into  any  extensive  notice  of  automobile 
engines.  For  that  reason  only  a  few  illustrations  are  given  to 
show  the  various  methods  of  placing  the  valves  and  operating 
them,  the  methods  of  cooling  the  cylinder,  cylinder  and  frame 

construction,  etc.  In  general  the  four-cycle  engine  monopolizes 
the  automobile  field,  there  being  but  one  or  two  makers  who  use 

two-cycle  engines.  For  light  cars  the  horizontal  opposed  two- 
cylinder  type  of  engine  is  often  employed,  but  the  heavier  cars 

universally  use  four-  or  six-cylinder  vertical  engines.  Regarding 
the  position  of  the  valves,  some  makers  place  both  inlet  and 
exhaust  valves  in  the  head.  This  type  is  best  exemplified  by  the 

Franklin  Engine  of  1907,  Fig.  12-111.  This  construction  is  of 
advantage  because  it  does  away  with  all  pockets  in  the  combus- 
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tion   chamber.     In   this   engine   both   valves    are    mechanically 

operated.     Some  makers  use  the  automatic  type  of  inlet  valve, 

FIG.  12-112.  — Continental  Automobile  Engine. 

which  in  such  cases  nearly  always  opens  downward.  This  valve, 

while  it  permits  of  simpler  engine  construction  than  the  mechani- 
cally operated  valve,  does 

not  give  as  good  service, 
and  for  that  reason  is  not 

as  frequently  used  as  for- 
merly. In  t  lie  Continental 

Krigine,*  Fifz;.  12-112,  both 
valves  are  placed  at  one 
side  of  the  cylinder  and 

both  are  mechanically  op- 
erated, opening  upward. 

In  the  18  horse-power 
Horch  engine,  Fig.  12-113  f 
the  inlet  valve  is  placed  in 
the  head,  the  c\liau>t  valve 
at  the  side.  The  35  horse- 

power  engine  of  the  same  Flo  12_n3  _  18  „  p  Horch  Automobile 
maker,  Fig.  12-1 14  \  has 

*  The  Cycle  and  Automobile  Trade  Journal,  <  h-t.  1,  1907. 
t  Gasmotorentcchnik,  April,  190G.        J  CJasmotorentechnik,  April,  11)06. 
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both  valves  placed  at  one  side,  but  the 

FIG.  12-114.  —  35  H.P.  Horch  Automobile 

Engine. 

of  combustion  chamber.  The  outside, 

valve.  The  large  inlet  area 

improves  the  volumetric  effi- 
ciency. This,  however,  is  in 

large  part  also  made  possible 
by  the  fact  that  the  greater 
part  of  the  hot  burned  gases 
escapes  through  the  auxiliary 
exhaust  valve  which  opens 
when  the  piston  is  near  the 
lower  dead  center.  The  re- 

mainder of  the  gases  passing 
out  through  the  inner  valve 
at  the  top  during  the  up 
stroke  of  the  piston  does  not 
tend  to  heat  the  valve  very 
much. 

Of  the  automobile  engines 

inlet  valve  over  the  ex- 
haust valve.  Both  are 

mechanically  operated. 
The  Moore  engine,  Fig. 

12-115,*  show's  the  valves 
upon  opposite  sides,  both 
mechanically  operated. 
The  1908  model  of  the 

Franklin  engine  finally 

shows  a  type  of  valve 
gear  different  from  any  of 
those  so  far  described  in 
that  the  main  exhaust 
and  the  inlet  valves  are 

combined  in  one  concen- 
tric valve  placed  in  the 

head.  This,  as  may  be 

seen  from  Fig.  12-116, 
results  in  an  ideal  form 

larger,  valve  is  the  inlet 

FIG.  12-115.  — Moore  Automobile 

Engine. 

*  Cycle  and  Automobile  Trade  Journal,  April,  1906. 
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illustrated,  the  Franklin  engine  shows  the  construction  employed 

for  air-cooled  cylinders;  all  of  the  other  engines  are  water-cooled. 

4.  OIL  IVVCIXKS.  — The  term  "oil  engines"  usually  refers  to 
engines  using  kerosene,  crude  oil,  or  any  one  of  the  so-called  dis- 

tillates. All  of  these  fuels  are  more  difficult  to  vaporize  than 
gasoline  and  the  formation  of  the  proper  fuel  mixture  is  therefore 
generally  a  less  simple  process.  Some  of  the  types  use  a  special 

vaporizer,  in  others  the  fuel  is  sprayed  directly  into  the  combus- 
tion chamber  or  into  an  extension  of  it. 

Fi<;.  12-116.  —  HION  Model,  Franklin  Knirinc. 

Liquid  fuel  engines  in  general  labor  under  the  disadvantage 
as  compared  with  gas  engines  in  that  the  limit  of  power  in  a  single 
cylinder  is  reached  much  earlier.  The  reason  for  this  is  that  as 

the  cylinder  volume  grows,  the  difficulties  of  forming  and  main- 
taining a  uniform  fuel  mixture  increase  very  rapidly,  and  the 

difficulties  of  proper  ignition  increase  correspondingly.  The 
roult  is,  at  least  as  far  as  present  practice  is  concerned,  that 
while  the  economic  limit  in  one  single-acting  cylinder  using  gas 
is  in  the  neighborhood  of  perhaps  4(M)  horse-power,  the  limit  in 

single-cylinder  single  act  ing  oil  engines  i.s  not  over'J(M)  horse-power. 
Hence  the  subdivision  of  the  power  required  among  several 
cylinders  commences  much  sooner  in  oil  than  in  gas  engines. 

The  most    important    point   of  distinction  among  the  various 
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oil  engines  is  probably  the  way  in  which  the  combustible  mixture 
is  formed.  We  distinguish  the  following  methods: 

(a)  The  fuel  is  forced  directly  into  the  combustion  chamber 

at  the  end  of  or  during  the  compression  stroke.  Usually  a  spray- 
ing nozzle  is  employed. 
(6)  The  fuel  is  mechanically  atomized  and  sprayed  into  the 

current  of  air  on  the  suction  stroke. 

(c)  The  fuel  is  sprayed  into  a  vaporizing  chamber  connected 
to  the  cylinder  without  interposition  of  a  valve. 

(d)  The  fuel  is  vaporized  by  the  agency  of  heat  in  a  separate 
vaporizer.     The  air  passing  through  the  vaporizer  forms  the  fuel 
mixture  and  this  enters  the  engine  already  prepared. 

The  following  descriptions  of  various  oil  engines  will  illustrate 
the  various  methods  outlined: 

Among  the  most  important  oil  engines  found  on  the  American 

market  are  the  following:  The  Hornsby-Akroyd  kerosene  engine, 
a  machine  of  English  origin  made  by  the  De  La  Vergne  Machine 

Company,  of  New  York;  the  De  La  Vergne  two-cycle  oil  engine, 
brought  out  by  the  same  company  within  the  last  month  or  two; 
the  Mietz  &  Weiss  oil  engine  made  by  the  A.  Mietz  Iron  Foundry 
&  Machine  Works  of  New  York;  and  the  American  Diesel  engine 
manufactured  by  the  American  Diesel  Engine  Company.  It 
should  be  stated  that  many  of  the  engines  described  under  the 
head  of  small  and  medium  sized  gas  engines  can  be  run  on  oil  by 

using  suitable  vaporizers.  Thus  the  Fairbanks-Morse  Company 
and  several  other  makers  furnish  vaporizing  attachments  by 

means  of  which  their  engines  may  be  successfully  run  on  kero- 
sene, crude  oil,  or  distillate. 

The  Hornsby-Akroyd  Oil  Engine.  —  Figs.  12-117  and  12-118 
show  a  longitudinal  and  a  transverse  section  respectively  of  this 

important  oil  engine,  while  Fig.  12-119  shows  the  general  appear- 
ance of  a  single-cylinder  engine.*  The  Hornsby  engines  built  in 

this  country  are  all  horizontal  machines  of  the  four-cycle  type. 
The  exhaust  and  inlet  valves  are  of  the  poppet  type  and  located 

in  a  valve  box  at  the  side  of  the  cylinder,  Fig.  12-118.  They 
open  upward  and  are  operated  by  levers  passing  under  the  cylin- 

der by  means  of  cams  on  the  half-time  shaft.  The  exhaust  cam 
is  so  designed  that  on  starting  the  compression  can  be  relieved 

*  Catalogue  of  the  De  La  Vergne  Machine  Co. 
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by  shifting  the  cam  on  the  shaft.  The  supply  of  oil  is  taken  from 
a  tank  in  the  base  of  the  machine  by  a  pump  operated  from  the 
lay  shaft,  and  forced  into  the  vaporizer  chamber  A,  through  a 

spray  nozzle.  The  governor  is  of  the  fly-ball  type  and  controls 
the  speed  by  dividing  the  constant  quantity  of  oil  furnished  by 
the  pump  into  two  parts,  one  of  which,  in  proportion  to  the  load, 
enters  the  nozzle,  the  other  part  flows  back  to  the  tank.  The 
nozzle  and  overflow  valve  are  shown  in  greater  detail  in  Chapter 
VIII. 

FIG.  12-118.  —  Transverse  Section  Hornsby- 
Akroyd  Oil  Engine. 

The  vaporizer  chamber  is  furnished  with  internal  webs  to 
increase  the  vaporizing  surface,  and  is  protected  against  radiation 
on  the  outside  by  a  hood. 

To  start  the  engine  the  vaporizer  is  first  heated  by  a  lamp 

which  constitutes  a  part  of  the  equipment.  After  the  chamber 
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is  hot  enough,  a  few  quick  strokes  of  the  pump  by  means  of  the 

hand  lever,  Fig.  12-118,  while  the  engine  is  being  turned  over  in 
the  normal  direction,  usually  suffices  to  start  it.  After  starting,  the 
heat  of  combustion  is  enough  to  keep  the  vaporizer  at  a  dull  red 
heat  and  to  explode  the  charges  regularly,  so  that  no  special 
igniter  is  required. 

FIG.  12-119.  —  Single  Tylindor  Hornsby-Akroyd  Oil  Engine. 

The  method  of  operation  may  be  explained  as  follows:  On  the 
suction  stroke  of  the  piston  the  pump  injects  oil  into  the  vaporizer. 
This  is  almost  instantly  vaporized,  but  as  yet  the  mixture  is  not 
explosive  because  the  vapor  is  mixed  mainly  with  burned  gases 
which  remain  from  the  previous  explosion.  On  the  return  stroke, 
the  piston  compresses  the  air  and  forces  a  part  of  it  into  the 
vaporizer.  It  is  possible  that  some  time  during  the  compression 
stroke  the  vapor  may  commence  to  burn  in  the  vaporizer,  but  the 
flame  does  not  strike  out  because  the  velocity  of  air  flowing  in 
through  the  narrow  neck  of  the  vaporizer  is  greater  than  the 
velocity  of  flame  propagation.  Near  the  end  of  the  compression 

stroke  the  reverse  takes  place,  the  flame  strikes  out  with  explo- 

sive force  and  drives  the  piston" forward  on  the  expansion  stroke. 
This  is  followed  by  the  exhaust  stroke,  after  which  the  operation 
is  repeated. 
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These  engines  have  given  very  satisfactory  service  and  many 
of  them  are  in  use  for  a  variety  of  purposes.  They  are  made  in 

sizes  from  1\  to  125  horse-power,  those  above  32  horse-power 
being  of  the  two-cylinder  type  illustrated  in  Fig.  12-120.  This 
design  has  lately  been  modified  in  that  the  two  overhanging  fly- 

wheels have  been  replaced  by  a  single  wheel  placed  next  to  the  belt 
pulley  between  the  two  cylinders. 

FIG.  12-120.  —  Twin  Cylinder  Hornsby-Akroyd  Oil  Engine. 

The  De  La  Vergne  Two-cycle  Oil  Engine.  —  This  is  a  vertical 
machine  recently  brought  out  by  the  De  La  Vergne  Machine 
Company  and  described  in  Power,  November,  1907,  to  which  the 
following  illustrations  are  due: 

Figure  12-121  shows  that  the  cylinder  is  of  the  ordinary  two- 
cycle  construction,  the  piston  controlling  the  inlet  and  exhaust 
ports.  The  vaporizer  chamber  V  is  formed  by  an  extension  of 
the  cylinder,  but,  in  contradistinction  to  the  Hornsby  engine,  no 

contracted  neck  is  used  opening  into  the  vaporizer.  On  the  dowrn 
stroke  of  the  piston  the  air  compressed  in  the  crank  case  rushes 
into  the  cylinder  as  soon  as  the  inlet  port  is  uncovered.  On  the 
up  stroke  only  air  is  compressed,  the  oil  not  being  injected  by  the 
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pump  through  the  nozzle  N  until  near  the  upper  dead  center. 
The  oil  instantly  vaporizes  and  burns,  ignition  being  produced 
by  the  hot  vaporizer  walls.  Of  course  the  vaporizer  must  be 

Fid.  12-121.  —  De  La  Vergne  Two-cycle  Oil  Engine. 

externally  heated  to  start  the  engine.  The  method  of  operation 
outlined  has  the  advantage  that  since  only  air  is  compressed  no 

pre-ignition  can  take  place. 
The  details  of  the  spray  nozzle  N  are  shown  in  Fig.  12-122. 

FIG.  12-122.  —  Spray  Nozzle  De  La  Vergne  Two-cycle  Oil 
Engine. 

They  are  so  simple  as  to  hardly  require  explanation.  The  ball 
check  shown  serves  to  protect  the  oil  pipe  against  the  force  of 
the  explosions. 
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382 INTERNAL COMBUSTION ENGINES 

The engine is governed by suiting the quantity of oil to the 

load. This is done by putting the pump plunger under control 

of the governor in the fly-wheel. Power gives the following 

description of this device (see Fig. 12-123): 
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“The frame F is fastened with two studs concentrically to the 

inside of the fly-wheel, and to the frame is pivoted a cam ring R&R 
which has on the fly-wheel side a projection B, and back of that  

INTERNAL  COMBUSTION  ENGINES 

The  engine  is  governed  by  suiting  the  quantity  of  oil  to  the 
load.  This  is  done  by  putting  the  pump  plunger  under  control 

of  the  governor  in  the  fly-wheel.  Power  gives  the  following 
description  of  this  device  (see  Fig.  12-123): 

"The  frame  F  is  fastened  with  two  studs  concentrically  to  the 
inside  of  the  fly-wheel,  and  to  the  frame  is  pivoted  a  cam  ring  R 
which  has  on  the  fly-wheel  side  a  projection  B,  and  back  of  that 
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the  cam  projection  C,  which  lifts  the  roller  A  once  each  revolution 

of  the  fly-wheel,  thereby  actuating  the  oil-pump  plunger  P. 
The  length  of  stroke  imparted  to  the  plunger  is  determined  by 
the  lever  L,  pivoted  to  the  frame.  A  wedge  W  on  the  lever  L 
separates  the  cam  ring  from  the  frame  F.  When  the  engine  is 
started  the  governor  does  not  come  into  action  until  normal  speed 
is  approached.  A  decrease  in  load  will  cause  the  speed  to  increase, 
when  the  centrifugal  force  of  the  counterweight  K  will  overcome 
the  tension  of  the  spring  S,  moving  the  weight  outward  and 
thereby  withdrawing  the  wedge  W.  The  spring  E  keeps  the 
roller  A  in  contact  with  the  cam  ring  R,  and  when  the  wedge  is 
withdrawn  the  buffer  G  cannot  actuate  the  pump  plunger.  The 
knob  H  is  used  for  injecting  oil  at  the  start,  and  the  lock  nuts  N 
serve  for  limiting  the  stroke  of  the  pump.  The  two  concentric 
slots  in  the  frame  F  allow  for  adjustment  when  it  is  desired  to 
greatly  change  the  normal  speed  of  the  engine.  For  smaller  speed 
variations  the  spring  S  and  the  weight  K  can  be  shifted  in  the 

holes  of  the  lever  L." 
At  present  two  sizes  of  this  engine  are  made.  That  illustrated 

is  of  15  horse-power,  the  single  cylinder  type  gives  1\  horse-power. 
In  each  case  the  cylinders  are  7  inches  by  7.5  inches,  the  normal 

spee'd  being  450  r.p.m. 
The.  Mietz  &  Weiss  Oil  Engine.  —  This  is  a  very  successful 

engine  which  has  been  on  the  market  for  some  years.  While  it 

operates  on  the  ordinary  three-port  two-cycle  principle,  it  em- 
bodies some  unusual  features.  Fig.  12-124  shows  the  horizontal 

type  in  cross-section,  and  Fig.  12-125  its  general  appearance  in 
elevation.  From  Fig.  12-124  the  operation  of  the  engine  must 
be  clear  without  much  further  explanation. 

The  fuel  pump  P  takes  the  oil  from  a  tank  mounted  on  the 
crank  case  and  injects  it  into  the  cylinder  just  after  the  piston 
has  covered  the  exhaust  port  E.  The  oil  falls  on  the  projection 
V  and  is  instantly  vaporized  by  heat  from  the  hot  bulb  I,  and 

from  the  cylinder  head,  which,  as  will  be  noted,  is  not  water- 
jacketed.  Ignition  is  produced  by  means  of  the  bulb  /,  which 
acts  very  much  like  the  ordinary  hot  tube.  A  kerosene  or  oil 
lamp,  shown  in  position,  serves  to  heat  the  bulb  before  starting. 
Five  minutes  is  usually  sufficient  for  this  operation. 

The  unusual   feature  of  this  engine  consists  in  the  cooling 
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water  arrangements.  Instead  of  circulating  the  water,  as  is 
ordinarily  done,  it  is  allowed  to  evaporate  in  the  jacket,  being 

kept  at  a  constant  level  by  a  float  valve.  The  vapor  formed  col- 

lects in  the  dome  S,  Fig.  12-124,  and  is  by  means  of  the  bent  pipe 
shown  led  to  the  intake  port  of  the  cylinder  where  it  mixes  with 
the  air.  There  are  several  excellent  reasons  for  this  arrangement 
in  oil  engines.  The  water  vapor  helps  to  form  a  mixture  of  high 

specific  heat,  thus  reducing  the  danger  of  pre-ignition  and  allow- 

FIG.  12-124.  —  Details  of  Mietz  &  Weiss  Two-cycle  Oil  Engine. 

ing  of  higher  compression  pressures.  The  principle,  however,  is 
not  new,  since  Banki  and  perhaps  several  others  before  him  have 

used  it.  It  is  also  claimed  that  the  vapor  assists  in  the  preven- 
tion of  carbon  deposits.  The  method  further  has  the  general 

advantage  that  but  little  jacket  water  is  used  compared  with  the 
ordinary  method  of  operation. 

The  method  of  governing  this  engine  is  not  clearly  shown, 
but  it  consists  in  adjusting  the  stroke  of  the  fuel  pump  to  suit 
the  load  by  means  of  a  shifting  eccentric  on  the  main  shaft. 

The  stationary  Mietz  &  Weiss  engine  is  built  in  single-cylinder 
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units from 1 to 30 horse-power, while the 40 and 60 horse-power 
sizes are twin engines. 
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This firm also builds vertical marine engines, the operation 

of which is the same as that of the horizontal machine except that 

the water injection scheme is not used. 

The Diesel Engine. —"The Diesel engine is to-day built by a 

number of firms in Europe and by the American Diesel Engine

385 

units  from  1  to  30  horse-power,  while  the  40  and  60  horse-power 
sizes  are  twin  engines. 

- 

b 

This  firm  also  builds  vertical  marine  engines,  the  operation 
of  which  is  the  same  as  that  <>f  the  horizontal  machine  except  that 
the  water  injection  scheme  is  not  used. 

The  Itiixil  Kngine. — The  Diesel  engine  is  to-day  built  by  a 
numl>er  of  firms  in  Kurope  and  by  the  American  Diesel  Engine 
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Company  in  this  country.  In  all  cases  the  various  constructions 

are  of  the  vertical  four-cycle  type,  but  European  builders  favor 
the  open  A-frame,  while  the  American  makers  have  adopted  the 
enclosed  box  frame. 

Figure  12-126  gives  a  general  idea  of  the  appearance  of  the 
American  Diesel  engine,  while  Fig.  12-127  shows  the  construction. 

FIG.  12-126.  —  American  Diesel  Engine. 

The  massive  self-contained  build  of  this  machine,  necessitated  of 
course  by  the  high  pressures  occurring  in  its  cycle  of  operation, 
is  very  noticeable.  The  method  of  operation  of  this  machine  has 
already  been  explained  in  Chapter  XI,  to  which  the  reader  is 
referred. 

The  valve  construction  of  this  engine  is  very  simple,  as  shown 

in  Fig.  12-128.     The  exhaust  valve  opens  upward,  the  inlet  valve 
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downward;  both  are  located  in  a  small  chamber  at  the  side  of  the 

cylinder.  The  fuel  injection  valve  /  is  opened  by  the  bell-crank 
B,  which  is  operated  by  a  cam  on  the  lay  shaft,  and  closed  by 
a  helical  spring  S.  Surrounding  the  spindle  of  the  injection  valve 

Fi<;.  !'_'   1'_'7.       Cross-section  American  Diesel  Engine. 

are  placed  the  atomizing  arrangements  by  which  the  oil  is  very 
finely  divided  through  the  agency  of  highly  compressed  air,  as 
si  inn  as  R  opens  the  valve.  The  stroke  of  the  lever  B  is  uniform, 
hence  the  injection  valve  always  opens  to  the  same  amount  and 
for  the  same  length  of  time,  whatever  the  load  on  the  engine. 
To  govern  the  speed,  the  governor  controls  the  stroke  of  the 
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pump  which  furnishes  the  oil  to  the  valve.  The  lower  the  load  on 

the  engine,  the  later  in  the  stroke  of  the  oil  pump  does  the  deliv- 
ery of  oil  to  the  injection  valve  commence.  One  method  of  doing 

this  is  explained  in  Chapter  XIV,  under  Details  of  Governors. 

t 

FIG.  12-128.  —  Valve  Construction,  American  Diesel 
Engine. 

The  American  Diesel  engine  is  built  in 'sizes  from  75  to  450 
B.  H.  P.,  mostly  in  three-cylinder  units. 

The  Priestman  Oil  Engine.  —  This  English  machine,  Fig. 
12-129,*  is  mentioned  here  because  the  means  used  for  forming 
the  combustible  mixture  are  different  from  those  so  far  described. 

The  engine  is  of  the  horizontal  single-acting  type.  The  exhaust 
valve  is  mechanically  operated  by  an  eccentric  on  the  shaft.  The 
same  eccentric  rod  also  operates  a  small  air  pump  e  which  keeps 

up  an  air  pressure  of  from  30  to  40  pounds  on  top  of  the  oil  in  the 

*  Guldner,  p.  118. 
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supply  tank  b.  The  inlet  valve  c  is  automatic.  On  the  suction 
stroke  the  piston  draws  a  charge  of  finely  divided  oil,  mixed  with 
air  furnished  by  the  spray  maker,  into  the  vaporizer  a,  together 

with  a  large  quantity  of  auxiliary  air  to  form  the  proper  combus- 
tible mixture.  The  vaporizer,  heated  at  the  start  by  external 

means,  is  during  operation  kept  by  the  exhaust  gases  at  sufficient 
heat  to  completely  vaporize  the  oil  before  it  passes  out  on  its  way 

to  the  inlet  valve.  Thus  the  mixture  reaches  the  cylinder  com- 
pletely prepared.  The  spray  maker  and  vaporizer  are  explained 

in  greater  detail  in  Chapter  VIII. 

FIG.  12-129.  —  Priestman  Oil  Engine. 

The  cylinder  operates  on  the  ordinary  four-cycle  principle; 
ignition  is  by  electric  spark.  In  the  later  Priestman  engines  a 
small  amount  of  water  from  the  jacket  is  admitted  to  the  cylinder 
each  cycle,  after  the  principle  of  Banki. 

The  Fairbanks- Morse  Crude  Oil  Vaporizer.  —  In  the  fourth 
type  of  vaporizer  the  oil  is  not  preliminarily  sprayed  or  atomized, 

done  in  the  Priestman  vaporizer,  but  simply  vaporized  by 
the  heat  of  the  exhaust  gases.  The  piston  then  generally  draws 
a  part  of  the  necessary  air  through  the  vaporizer  and  saturates 
this  with  the  oil  vapor.  The  rest  is  added  to  form  the  proper 

mixture  just  before  the  inlet  valve.  Of  this  type  is  the  "Econo- 
mist" retort,  already  described  in  Chapter  VIII.  Another  type 

is  that  made  by  the  Fairbanks-Morse  Company,  and  illustrated 
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in  Fig.  12-130.  G  is  the  main  vaporizer  chamber.  The  oil  pump 
furnishes  oil  through  the  pipe  F  to  the  reservoir  R  on  top  of  the 
chamber.  The  regulating  valve  T  returns  the  excess  pumped 
to  the  main  supply  through  the  pipe  0.  From  R  the  oil  is  allowed 

to  trickle  slowly  downward  over  surfaces  heated  by  the  exhaust 
gases.  These  come  in  through  the  pipe  N,  but  the  volume  enter- 

ing G  is  controlled  by  the  position  of  the  valve  E,  which  sends  a 
part  into  G,  the  rest  directly  out  through  X,  depending  upon  the 
demands  of  the  vaporizer.  Air  enters  the  chamber  through  C. 

FIG.  12-130.  —  Fairbanks-Morse  Engine 
with  Crude  Oil  Vaporizer. 

On  its  way  upward  it  saturates  itself  with  oil  vapor  and  finally 
flows  out  through  B  to  the  engine.  The  auxiliary  air  supply  is 
furnished  through  A. 

Any  vaporizer  of  this  type  labors  under  the  disadvantage, 

already  mentioned  in  the  case  of  the  "Economist"  retort,  that 
not  all  of  the  oil  can  be  utilized.  As  the  vaporization  proceeds, 
the  oil  gets  heavier,  the  amount  of  vapor  evolved  grows  less  at 
the  temperature  maintained,  and  the  useless  residue  must  finally 
be  drawn  off.  In  the  apparatus  above  described  provision  for 
this  has  been  made  through  the  drain  cock  D.  W  is  a  heating 
lamp  to  heat  the  vaporizer  on  starting. 

5.  THE  ALCOHOL  ENGINE.  —  The  points  of  difference  between 
the  alcohol  engine  and  any  other  gas  engine  have  already  been 
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