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mentioned  in  Chapter  VIII.  In  constructive  details  these  engines 
do  not  differ  from  the  rest  except  that  the  compression  is  carried 

higher  than  in  other  liquid  fuel  engines.  The  main  feature  dis- 
tinguishing them  is  in  the  arrangements  for  forming  the  com- 

bustible mixture,  and  the  various  expedients  adopted  have  been 
thoroughly  discussed  under  the  head  of  vaporizers  in  the  chapter 

mentioned.  Recent  experiments  have  disproven  the  old  state- 
ment that  an  alcohol  engine  cannot  be  started  from  the  cold. 

Much  depends  upon  the  position  of  the  carbureter  with  reference 
to  the  inlet  valve  ports,  and  after  paying  due  attention  to  this 
point,  a  gasoline  automobile  engine  has  been  successfully  operated 
on  alcohol  without  change.  This  bears  out  the  experience  of  the 
Deutz  Company  in  whose  alcohol  engines  only  a  spray  nozzle 
placed  very  close  to  the  inlet  valve  is  used.  An  ordinary  gasoline 

carbureter  can  be  made  to  act  in  somewhat  the  same  way.  Ameri- 
can practice  regarding  alcohol  engines  is  for  obvious  reasons 

somewhat  behind  that  of  Europe,  but  the  indications  are  at  present 
that  this  condition  will  not  long  exist. 
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CHAPTER  XIII 

GAS    ENGINE    AUXILIARIES:    IGNITION,     MUFFLERS,    AND    STARTING 

APPARATUS 

Ignition.  —  There  are    four    methods    of   igniting    the    com- 
bustible charge  in  a  gas  engine.     Some  of  these  are  still  in  use, 

others  belong  to  the  period  of  gas-engine 
development.  These  methods  are  the 
following : 

1.  Ignition  by  an  open  flame. 
2.  Ignition  by  hot  tube. 
3.  Ignition  by  heat  of  compression,  and 
4.  Ignition  by  electric  spark. 
Ignition  by  open  flame  is  practically 

obsolete,  and  ignition  by  hot  tube  is  also 
fast  falling  into  disuse.  As  a  matter  of 
fact,  except  for  the  Diesel  engine,  the 

Hornsby-Akroyd  and  a  few  others,  which 
ignite  the  charge  or  fuel  by  heat  of  com- Explosion  .  .  ,         ,  .... 

Port  pression,  the  method  of  igniting  the 

charge  by  the  electric  spark  is  to-day 
the  means  most  generally  employed. 

i.  Ignition  by  Open  Flame.  —  This 
method  has  been  superseded  probably 

because  of  its  occasional  failure  and  the  obvious  danger  con- 
nected with  its  use  under  certain  conditions. 

The  simplest  arrangement  of  this  type  is  Barnett's  ignition 
cock,  Fig.  13-1.*  This  consists  of  a  hollow  plug  wrhich  works  in 
a  shell  having  two  ports,  1  and  2.  The  former  opens  to  the 
atmosphere  and  communicates  with  an  outside  flame,  A,  the 
latter  opens  into  the  cylinder.  The  port  3  in  the  plug  is  of  such 
a  size  that  it  may  communicate  either  with  port  1  or  2.  but  never 

*  Clerk,  The  Gas  and  Oil  Engine,  p.  207. 
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FIG.  13-1. —  Barnett's 
Ignition  Cock. 
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with  both  at  the  same  time.  *  Inside  the  plug  is  placed  a  gas  jet 
as  shown.  Gas  should  be  admitted  to  this  at  such  a  rate  that 

the  flame  burns  inside  of  the  plug  and  not  out  through  the  ports 
3  and  1.  The  proper  size  of  the  ports  has  much  to  do  with  the 
proper  admission  of  air  to  the  inside  of  the  plug  to  keep  the 
flame  alive,  as  shown  by  the  arrows.  If  now  the  plug  is  quickly 
turned  through  90  degrees,  making  the  port  3  register  with  port  2, 
enough  air  is  contained  in  the  plug  to  keep  the  flame  burning 
during  the  interval,  and  the  combustible  mixture,  entering  the 
plug  much  as  the  air  enters  it  in  the  first  position,  is  instantly 
ignited.  Here  again  the  proper  size  of  the  ports  is  of  importance, 
for  if  the  mixture  cannot  circulate  through  the  plug,  it  must  reach 

the  flame  by  diffusion.  The  chances  are  that  in  that  time  the 
flame  has  died  out  and 

ignition  fails.  The  flame 
is  blown  out  by  the 
force  of  the  explosion, 
or  dies  out  for  lack  of 

air.  but  is  immediately 

relighted  by  the  out- 
side flame,  A,  when  the 

plug  returns  to  its  for- 
mer position. 

Barnett's  scheme 
was  open  to  the  objec- 

tion that  since  the  flame  chamber  in  the  plug  was  always  under 
atmospheric  pressure,  the  combustible  mixture,  if  compressed  to 
any  extent,  might  extinguish  the  flame  by  sudden  inrush  when 
communication  was  established.  Several  methods  to  obviate  this 

were  invented,  notably  by  Otto  and  by  Clerk.  The  latter  differs 
from  the  former  in  that  it  will  operate  at  higher  engine  speeds; 

Otto's  scheme  failing  at  com  pa  rat  ively  low  speeds.  A  very  simple 
solution  of  the  problem  is  shown  in  Koort  ing's  igniter,  Fig.  13-2.* 
The  plug,  6,  see  left-hand  section,  is  practically  a  divergent  nozzle. 
The  pressure  of  the  combustible  mixture  during  compression  raises 
the  plug,  and  someof  the  mixture,  escaping  through  the  fine  opening, 
c,  and  expanding  through  b,  is  ignited  by  the  open  flame,  d.  At  the 
iastant  the  piston  reverses,  the  plug  is  forced  down  by  the  plunger, 

*  Schottler,  Die  Gusmuschiue. 

FIG.  13-2. — Koerting  Igniter. 
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a,  closing  both  the  top  and  the  bo  Worn  openings.  But  the  mix- 
ture contained  in  the  nozzle,  b,  keeps  on  burning  until,  at  the 

instant  the  side  openings,  e,  are  freed,  the  flame  strikes  into  the 

cylinder  and  ignites  the  charge.  The  right-hand  section,  Fig. 
13-2,  shows  the  ignition  position. 

2.  Ignition  by  Hot  Tube.  —  The  simplest  form  of  the  hot 
tube  ignition  apparatus  has  already  been  shown  in  Fig.  11-5 
Chapter  XI.  It  consists  merely  of  a  small  tube  3  or  4  inches  long, 
of  steel,  porcelain,  or  platinum.  The  open  end  of  this  tube  is  in 
communication  with  the  combustion  chamber,  the  other  end  is 

closed.  The  tube  is  kept  red  hot  for  a  certain  part  of  its  length, 

generally  by  means  of  a  Bunsen 
burner.  A  chimney  surrounds 
both  burner  and  tube  to  prevent 
loss  of  heat  by  radiation  as  far 

as  possible. 
The  action  of  the  hot  tube 

may  be  explained  as  follows:  At 
the  end  of  the  exhaust  stroke 
the  tube  is  filled  with  burned 

gases,  and  these  are  not  replaced 
by  the  fresh  mixture  even  at 
the  end  of  the  next  suction 

stroke,  because  the  time  avail- 
able is  too  short  for  diffusion. 

FIG.  13-3. — Adjustable  Hot  Tube.  ̂   •  ,,  , During  the    compression    stroke 
the  burned  gases  are  being  compressed  into  the  closed  end  of  the 
tube  and  are  followed  up  by  the  fresh  mixture.  But  no  explosion 

follows  even  if  this  mixture  reaches  the  red-hot  part  of  the  tube 
as  long  as  the  velocity  of  flame  propagation  out  of  the  tube  is  less 
than  the  velocity  of  the  fresh  charge  into  the  tube.  When  the 
former  becomes  greater  than  the  latter,  which  happens  at  or  just 
before  the  piston  reaches  the  dead  center,  the  flame  shoots  out  and 

ignites  the  charge.  It  is  plain,  however,  that  in  the  device  shown  in 

Fig.  1 1-5  the  position  of  the  hot  zone  along  the  tube  must  be  about 
right  or  pre-ignition  may  result.  Want  of  adjustment  in  this 
arrangement  has  led  to  the  improved  hot  tube  shown  in  Fig.  13-3. 
In  this  case  the  position  of  the  hot  zone  along  the  tube  may  be 
varied  as  shown,  thus  giving  some  control  over  the  time  of  ignition. 
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In  order  to  completely  control  the  time  of  ignition  the  or- 

dinary hot  tube  has  been  perfected  by  the  addition  of  a  so-called 
timing  valve. 

In  Fig.  13-4,  G  is  the  tube  kept  hot  in  the  ordinary  way. 

Timing  valve  E  is  normally  kept  closed  by  the  coil  spring  C.  At 

the  proper  time  in  the  cycle  the  ignition 
cam  (not  shown),  through  the  link,  B, 

and  the  bell-crank,  A-D,  compresses 
the  spring,  C,  and  opens  the  valve. 
Ignition  then  ensues.  The  valve  is 

kept  open  during  the  expansion  and 
exhaust  strokes.  The  time  of  ignition 

may  be  changed  by  changing  the  posi- 
tion of  the  cam. 

Timing  valves  are  open  to  the  ob- 
jection that  they  are  very  difficult  to 

keep  in  shape  under  the  high  tempera- 
rr  tu  (  FIG.  13-4.  —  Hot  Tube  with tures  occurring.     To  avoid  the  use  of  „,.    . 

the  small  valve  in  the  cylinder,  Koert- 
ing  has  used  the  scheme  shown  in  Fig.    13-5; 

r  i 

a  is  an  open 

hot  tube  made  of  porcelain.  In  it  there  is 

placed  the  small  platinum  tube,  c.  Dur- 
ing compression  some  of  the  mixture  es- 

capes through  c  and  the  valve  k.  When 
ignition  is  desired,  k  shuts  the  exit  and  the 
flame  in  a  strikes  back  into  the  cylinder. 

Hot  tubes  may  be  from  two  to  four 

inches  long,  and  from  one-quarter  to  one- 
half  inches  internal  diameter.  They  may 
be  made  of  steel,  platinum,  or  Porcelain. 
Porcelain  is  best  because  cheap  and  nearly 
indestructible  by  heat. 

The  hot  tul>e  finds  application  in  small 
and  medium  sized  stationary  machines 
only.  It  is  fully  as  cheap  to  operate  as 
electric  ignition  and  just  as  certain. 

Timing  Valve. 

FIG.  13-5.  — Koorting  Hot 
Tube  Igniter. 

Iii  large  machines  this  method  of  ignition  is  not  as  satisfac- 
tory, because  the  ignition  itself  is  hardly  sharp  enough  for  the 

large  volume  of  gas,  and  because  in  many  cases  the  distance 
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the  flame  has  to  strike  is  too  great.  Care  should  be  taken  to 
place  the  tube  at  the  proper  point,  i.e.,  where  a  good  mixture  at 
the  opening  of  the  tube  is  insured,  and  where  the  opening  cannot 
be  clogged  by  oil  or  water. 

3.  Igniting  the  Charge  by  Heat  of  Compression.  —  This 
method  of  igniting  the  charge  is  practically  limited  to  liquid 
fuels  and  is  carried  out  in  several  ways. 

(a)  Only  air  is  compressed  to  a  very  high  degree  so  that  its 
temperature  is  high  enough  to  ignite  the  fuel  as  it  is  injected  at 

the  beginning  of  the  working  stroke.  This  is  Diesel's  method. 
(&)  The  charge  may  be  ignited  by  means  of  a  hot  bulb  or 

chamber  connected  to  the  combustion  chamber  proper  by  a 
narrow  neck  or  opening.  There  are  two  modifications  of  this 
method.  In  the  one  the  fuel  is  injected  into  the  combustion 
chamber  on  the  suction  stroke.  During  the  next  stroke  the 

mixture  is  compressed  into  the  hot  bulb  and  ignites.  The  com- 
bustion, however,  is  confined  to  the  bulb  until,  near  the  end  of  the 

compression  stroke,  the  velocity  of  flame  propagation  exceeds 
the  velocity  of  gases  entering  the  narrow  neck  of  the  bulb,  when 
the  flame  strikes  out  and  general  ignition  ensues.  The  action 
of  the  bulb  is  therefore  very  similar  to  that  of  the  open  hot  tube. 
The  main  difference  is  that  after  the  bulb  has  been  externally 
heated  at  the  start,  the  heat  of  compression  soon  keeps  the  walls 
of  the  bulb  at  a  sufficiently  high  temperature  so  that  the  external 
flame  can  be  extinguished. 

In  the  second  modification,  the  hot  bulb  or  chamber  is  used 

at  the  same  time  as  a  vaporizer.  Thus  in  the  Hornsby-Akroyd 
engine,  the  fuel  is  injected  into  the  chamber  by  a  pump  at  the 
beginning  of  the  suction  stroke.  The  piston  draws  nothing  but 
air  on  this  stroke,  .which  air  is  partly  forced  into  the  bulb  on  the 
return  stroke.  Here  it  mixes  with  the  oil  vapor,  which  formed, 
due  to  contact  with  the  hot  walls,  and  while  combustion  may 

ensue  it  cannot  be  general  because  hardly  enough  oxygen  is 

present  in  the  bulb  or  vaporizer.  Near  the  end  of  the  com- 
pression stroke,  however,  the  flame  strikes  out,  and  the  combus- 

tion becomes  explosive.  As  in  the  former  case,  the  vaporizer  is 

heated  by  a  lamp  at  the  start,  but  after  a  few  minutes  of  opera- 
tion the  walls  of  the  vaporizer,  if  well  protected,  remain  at  a  dull 

red  heat,  due  to  the  heat  of  compression  and  explosion. 
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Capitaine  *  employs  a  method  which  differs  from  that  used 
in  the  Hornsby  engine  in  that,  at  the  moment  the  fuel  is  injected 
into  the  vaporizer,  a  little  auxiliary  air  is  also  admitted  which 
sweeps  the  oil  vapor  formed  into  the  combustion  chamber  proper, 
where  it  meets  the  main  body  of  air  and  is  compressed  with  it. 
Ignition  ensues  from  the  hot  walls  of  the  vaporizer  as  in  the 
other  cases. 

4.  Ignition  by  Means  of  the  Electric  Spark.  —  Electric  Igni- 
tion is  to-day  used  more  than  any  other.  In  fact  in  some  branches 

of  the  industry,  automobile  work  for  instance,  it  is  used  exclu- 
sively. The  reasons  for  this  are  not  far  to  seek.  As  compared 

with  the  hot  tube,  there 
is  no  flame,  and  no  fuel 

required  to  feed  it.  The 

system  is  perfectly  flex- 
ible and  susceptible  of 

perfect  timing. 
There  are  a  number 

of  electric-ignition  sys- 
tems in  use,  differing 

in  their  methods  of 

wiring,  their  sources  of 

current,  etc.,  but  con- 
sidering for  the  moment  nothing  but  basic  principles,  all  the 

systems  may  be  grouped  under  two  heads.  These  are: 
1.  Make-and- Break  Ignition,  and 

2.  Jump-spark  Ignition. 
In  what  follows,  only  the  elementary  principles  of  electric 

ignition  will  be  discussed.  For  a  comprehensive  exposition  of 

the  subject,  consult  "Electric  Ignition  for  Motor  Vehicles"  by 
W.  Hibbert.t 

1.  M A KK-A \D-BKKAK  IGNITION.  —  The  simplest  kind  of  make- 
ami- break  circuit  is  shown  in  diagram  in  Fig.  13-6.  J  In  this 
figure,  B  is  a  source  of  current  and  c  a  so-called  spark  coil.  In 
this  case  such  a  coil  consists  merely  of  a  number  of  turns  of 

comparatively  heavy  wire  wound  about  a  bundle  of  wrought- 

*  Zoitschrift  d.  V.  d.  I.,  1907,  p.  919. 
t  Whit  taker  <fc  Co.,  64-66  Fifth  Ave.,  New  York  City. 
\  Rol>ert8,  The  Gas  Kngine  Handlxx>k. 

FIG.  13-6.  —  Make-and-Break  Circuit. 
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iron  wires.  This  coil  is  in  series  with  the  circuit,  and  acts  as 
an  inductive  resistance.  When  the  circuit  is  broken,  it  serves 
to  intensify  the  pressure,  causing  a  hot  spark  at  the  point  of 
break.  For  this  reason  the  writer  prefers  to  call  this  kind  of 
coil  an  intensifying  coil  rather  than  a  spark  coil,  which,  as  used 

in  jump-spark  ignition,  is  a  very  different  thing. 
The  make-and-break  mechanism  consists  in  this  case  of  a 

stationary  electrode,  e,  insulated  from  the  rest  of  the  engine,  and 
a  movable  electrode,  p.  The  latter  is  connected  to  a  flat  spring, 

S,  which  in  turn  is  in  contact 
with  the  cam,  C.  The  current 

/Ifirniter  flows  from  B,  through  the  inten- 
sifying coil,  c,  to  the  electrode, 

p,  and  from  here  through  the 
electrode,  e,  back  to  B,  thus 
completing  the  circuit.  The 
operation  is  as  follows:  Cam  C, 
rotating  in  the  direction  of  the 
arrow,  first  presses  electrode  p 
against  electrode  e,  making  the 
circuit.  At  the  proper  moment, 

spring  S  slips  off  the  cam,  sud- 
denly forming  a  gap  between  p 

and  e,  across  which  the  spark 

jumps. This  type  of  make  and  break 
mechanisTn    is    known    as    the 

FIG.  13-7.- -  Make-and-Break  Ignition 

Apparatus. 

hammer  break.  An  example  from  practice  is  shown  in  Fig. 

13-7.*  The  source  of  current  in  this  case  is  a  Bosch  magneto. 
The  current  flows  from  d  to  e,  the  stationary  electrode,  and  re- 

turns through  /,  the  movable  electrode,  and  the  forked  rod,  h. 

Actuated  by  a"  latching  arrangement  on  the  half-time  shaft,  the 
armature  lever  is  pulled  to  the  left  about  20  degrees,  as  shown  in 
the  lower  figure.  This  puts  the  two  powerful  helical  springs 
shown  in  tension,  so  that  when  the  latch  releases,  the  armature 
sleeve  instantaneously  returns  to  its  normal  position,  generating 
the  required  current  by  cutting  the  lines  of  force  with  great 
rapidity.  At  the  same  instant  the  fork,  h,  strikes  the  bell  crank,  g, 

*  Giildner,  Verbrennungsrnotoren,  p.  365. 
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thus  separating  /  from  c,  and  causing  the  spark.  This  method 
is  susceptible  of  adjustment  by  regulating  the  time  of  release  of 
the  latch. 

It  should  be  noted  that  in  this  particular  instance  the  two 

electrodes  are  in  contact  until  the  spark  is  desired.  This  is  ad- 
missible because  with  the  source  of  current  used,  electric  energy 

is  generated  only  for  an  instant,  just  before  the  break.  If  a  con- 
tinuous source  of  current,  such  as  a  battery  for  instance,  is  used, 

it  becomes  necessary  to  modify  the  mechanism  so  that  the  elec- 
trodes are  in  contact  only  for  a  short  time  before  the  break; 

otherwise  the  system  would  be  very  wasteful  of  current. 

The  hammer-break  mechanism  is  open  to  two  objections, 
rapid  wearing  away  of  the  points  and  fouling.  The  former 
is  aggravated  if  too  strong  a  current  is  used.  It  is  usual, 
therefore,  to  make  the  points  of  contact  of  some  metal  that  will 

not  easily  corrode  or  wear  away  under  heat.  Platinum,  or  plati- 
num-iridium  is  extensively  used  for  this  purpose.  There  are,  how- 

ever, some  special  alloys  on  the  market,  such  as  Baker  &  Co.'s 
"Special,"  which  are  somewhat  less  costly,  but  do  the  work  fully 
as  well  or  better.  Platinum  is  practically  indestructible  by  heat, 
but  it  is  hardly  hard  enough  to  stand  the  wear.  The  only  remedy 
for  fouling  is  periodic  cleaning,  although  the  claim  is  made  for 
some  of  the  special  alloys  that  they  remain  bright  indefinitely. 

To  overcome  the  objection  of  fouling,  a  modification  of  the 

make-and-break  /system  known  as  the  wipe  spark  is  sometimes 
employed.  In  this,  one  electrode  is  made  to  revolve  and  a  pro- 

jection on  it  "  wipes  '*  across  the  other  electrode  at  the  proper 
time,  causing  a  spark  on  the  break.  The  spark  produced  in  this 
way  is  perhaps  hotter  than  that  formed  by  the  hammer  break, 
and  fouling  of  the  sparking  surfaces  is  effectually  prevented.  On 
the  other  hand,  the  wear  is  much  greater. 

Make-and-break  ignition  has  the  advantage  that  only  a  low 
voltage  is  required  to  operate  it.  The  pressure  ordinarily  used 
is  from  six  to  eight  volts,  while  in  many  cases  from  two  to  four 
volts  is  quite  sufficient.  There  is  thus  much  less  danger  from 

leakage  of  current  and  short-circuiting  in  this  system  than  there 
is  in  the  jump  spark  method. 

The  disadvantages  of  the  system  regarding  wear  and  fouling 
have  been  already  pointed  out.  Another,  as  compared  with  the 
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jump  spark,  consists  in  the  fact  that  some  mechanically  operated 

gearing  is  required  to  "trip"  the  igniter.  Both  this  fact  and  the 
rapid  wear  of  the  contact  points  have  led  designers  to  adopt  the 

jump-spark  system  for  high  speed  work.  Lately,  however,  there 

FIG.  13-8.—  Plan,  Fay  &  Bowen  Engine. 

high-speed  trip  gear. 

seems  to  be  a  tendency  to  adapt  the  make-and-break  system  also 
to  high  speeds,  caused  no  doubt  by  the  very  obvious  disadvantages 
of  the  jump  spark.  There  are  ways  of  efficiently  operating  a 

One  of  these,  used  by  the  Fay  &  Bowen 

Engine  Co.  for  medium 

high  speeds,  is  shown 

in  Figs.  13-8  and  13-9. 
Fig.  13-8  shows  a  plan 
view  of  the  vertical 

engine.  The  igniter 

shaft,  A,  passes  ver- 
tically downward 

through  the  water- 
jacket  space,  and  is 

driven  from  the  crank  shaft  by  a  pair  of  bevel  gears.  It 
runs  in  bronze  bearings,  and  where  it  passes  through  the 

jacket  it  is  encased  in  a  water-tight  tube.  At  the  top  this 
shaft  carries  a  small  gear  which  meshes  with  a  somewhat  larger 
gear,  B,  under  the  igniter  cam,  C.  All  the  gears  are  cut  gears 
and  run  practically  without  noise.  The  driving  is  positive  and 

FIG.  13-9.  —  Igniter  Block,  Fay  &  Bowen 
Engine. 
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there  can  be  no  slip.  As  the  cam,  C,  revolves,  it  engages  the 
plunger  D  and  forces  it  back  against  the  spring  G.  When  the 
plunger  slips  off  the  cam,  the  hammer,  E,  strikes  the  movable 

electrode,  F,  separating  it  from  the  stationary  electrode,  J,  caus- 
ing the  spark.  This  action  is  carried  out  with  the  same  rapidity 

no  matter  how  fast  the  fly-wheel  is  revolved  at  the  start.  For 
the  greater  part  of  its  revolution,  cam  C  is  not  in  contact  with  the 

plunger,  D,  and  hence  the  electrodes  are  separated,  thus  main- 
taining an  open  circuit  for  the  greater  part  of  the  time  and  pre- 
venting the  waste  of  current.  Just  as  soon  as  C  commences  to 

push  back  the  plunger  D,  the  spring  H  pulls  back  the  movable 
electrode  F,  and  contact  is  made  for  a  sufficient  length  of  time 
to  insure  a  good  flow  of  current. 

The  igniter  plug,  shown  in  greater  detail  in  Fig.  13-9,  is  en- 
tirely independent  of  the  driving  gear  and  is  held  in  place  by 

four  bolts,  which  can  be  removed  at  a  moment's  notice.  The 
seat  of  the  plug  is  a  ground  joint.  The  spark  points  can  there- 

fore be  examined  and  the  plug  replaced  in  a  very  short  time,  or 
a  new  plug  may  be  substituted  for  the  old  one.  The  chances  for 
wear  in  the  whole  arrangement,  however,  are  very  small  and 
there  seems  to  be  no  reason  why  this  igniter  gear  should  not  be 
used  for  speeds  much  higher  than  those  for  which  the  designers 
now  use  it.  Adjustment  of  the  spark  in  this  gear  is  made  in  a 
very  simple  way  by  pivoting  the  gear  B  about  the  center  of  the 
shaft  .1,  thus  changing  the  position  of  the  cam,  C,  with  relation 
to  the  plunger.  The  adjustment  is  controlled  by  the  hand  lever 
shown.  Should  the  lever  by  any  accident  be  left  in  the  advanced 
spark  position,  so  that  the  engine  may  get  an  explosion  turning 
it  the  wrong  way  the  next  time  it  is  started,  a  small  clutch  located 
under  i  he  igniter  cam,  C,  immediately  frees  the  cam  so  that  no 
second  back  explosion  can  take  place. 

2.  JUMP  SPARK  IGNITION.  —  Figure  13-10*  shows  diagram- 
mat  ically  the  simplest  type  of  jump-spark  system.  There  are 
in  all  cases  a  primary  or  low-tension  and  a  secondary  or  high- 
tension  circuit.  The  primary  circuit  is  shown  in  heavy  line  and 
contains  the  source  of  current,  B.  The  current  flows  from  B 

through  an  arrangement,  T,  called  the  interrupter,  commutator, 
or  timer,  which  serves  to  make  and  break  the  primary  current  at 

*  T.  H.  White,  Petrol  Motors  and  Motor  Cars. 
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the  proper  time.  It  then  passes  through  the  primary  winding,  P, 
of  the  spark  coil  and  returns  to  the  source,  completing  the  primary 
circuit.  The  secondary  circuit,  shown  by  a  light  line,  consists 
of  the  secondary  winding,  S,  of  the  spark  coil  and  a  spark  plug  in 
the  cylinder  of  the  engine,  indicated  in  the  figure  by  Z.  It  should 

be  noted,  in  connection  with  the  secondary  circuit,  that  this  cir- 
cuit is  never  actually  closed,  since  a  spark  gap  always  exists  in 

the  spark  plug.  Hence  current  cannot  be  said  to  flow  in  this 
circuit  until  the  tension  or  voltage  becomes  high  enough  to  bridge 
this  gap  by  a  spark. 

To  understand  the  operation  of  the  jump-spark  system  it  is 
necessary  first  to  study  the  action  of  the  spark  coil.     There  are 

two  kinds  of  these  coils,  the 

non-trembler  and  the  trem- 
bler coil. 

The  former  is  the  type 

indicated  in  Fig.  13-10.  Its 
actual  construction  is  about 
as  follows:  /  is  the  core  of 

the  coil  consisting  of  a  bun- 
dle of  fine  iron  wires.  This 

is  covered  with  a  layer  of 
some  insulating  material, 
and  around  this  is  wound 

the  primary  winding.  This 
consists  generally  of  several  layers  of  insulated  copper  wire, 

about  No.  20  or  22.  A  light  layer  of  insulation  next  sepa- 
rates this  from  the  secondary  winding,  which  consists  generally 

of  some  10  to  15000  turns  of  very  fine  insulated  wire.  Each 

layer  of  this  wire  is  separated  from  the  next  by  a  layer  of  insula- 
tion to  prevent  short-circuiting  under  the  very  high  pressures 

occurring. 

To  understand  easily  what  follows,  it  is  necessary  merely  to 
remember  that  if  any  conductor  of  electricity  is  moved  across  a 
magnetic  field,  or  if  a  magnetic  field  is  moved  across  a  conductor, 
an  electric  current  will  immediately  be  set  up  in  this  conductor. 

Further,  that  if  a  current  be  passed  through  a  conductor,  a  mag- 
netic field  will  immediately  be  set  up  around  the  conductor. 

Now,  in  the  spark  coil  described,  a  current  is  sent  through  the 

FIG.  13-10.  —  Simple  Jump-spark  System. 
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primary  winding  as  soon  as  the  contact  is  closed  at  T.  This 

converts  the  iron  core  of  the  coil  into  an  electro-magnet,  setting 
up  a  strong  magnetic  field.  The  magnetic  lines  move  outward 
across  the  windings  of  the  secondary  circuit  and  induce  a  high 

tension  in  this  circuit.  But,  owing  to  self-induction,  the  build- 
ing up  of  the  magnetic  field  is  much  slower  than  the  collapse  of 

the  field  when  the  primary  current  is  suddenly  interrupted  at  T. 

The  magnetic  lines  then  move  inward  across  the  secondary  wind- 
ing with  much  greater  rapidity,  hence  the  pressure  induced  is 

much  higher  than  that  existing  during  the  building  up  of  the  field, 
and,  if  the  spark  plug  is  right  for  the  coil,  a  spark  will  bridge 
across  the  gap  in  the  cylinder,  igniting  the  charge.  The  fact  that 

FIG.  13-11.  —  Jump-spark  System  with  Trembler  Coil. 

the  voltage  induced  on  the  making  of  the  current  is  not  high 
enough  to  bridge  the  gap  prevents  the  occurrence  of  a  double 

spark  in  the  cylinder,  which  might  lead  to  pre-ignition  of  the 
charge. 

Since  witli  the  non-trembler  coil  the  current  in  the  primary 
'ablished  only  once  when  ignition  is  desired,  only  a  single 

spark  will  occur  in  the  cylinder.  It  is  possible  that  this  single 
spark  may  fail  to  fire  and  a  series  of  sparks  at  the  time  of  ignition 
is  hence  an  advantage.  This  has  led  to  the  adoption  of  the 

trembler  coil,  Fig.  13-11*.  The  circuit  shown  in  this  figure  is 

the  same  as  that  of  Fig.  13-10,  except  that  a  trembler  or  "  buzzer" 
T  and  a  timer  or  commutator  W  have  been  substituted  for  the 

*  T.  H.  White,  Petrol  Motor  and  Motor  Cars. 
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simple  make-and-break  mechanism,  T,  of  Fig.  13-10.  The 
action  of  the  trembler  is  simple.  As  soon  as  W  makes  contact, 

the  primary  current  converts  the  core,  /,  into  an  electro-magnet 
which  attracts  the  armature,  A,  of  the  trembler  blade.  This 

action,  however,  breaks  the  primary  current  by  pulling  the 
spring  blade,  T,  away  from  the  constant  screw  at  E.  A  spark 

then  jumps  over  in  the  cylinder  as  before  explained.  The  break- 
ing of  the  primary  current,  however,  releases  the  armature,  A, 

which  returns  to  its  normal  position,  again  establishing  the  pri- 
mary circuit  at  E.  The  operation  is  then  repeated.  This  action 

establishes  a  pulsating  pressure  in  the  secondary  winding,  causing 
a  series  of  sparks  as  long  as  contact  is  maintained  at  W. 

The  advantage  of  the  trembler  coil  has  already  been  pointed 
out.  The  disadvantages  exist  in  the  fact  that  a  second  moving 
part  is  introduced  into  the  primary  circuit  which  must  be  kept 
carefully  adjusted  if  the  system  is  to  work  satisfactorily. 

In  both  Figs.  13-10  and  13-11  it  will  be  noticed  that  there 
is  an  arrangement,  C,  called  a  condenser,  connected  across  the 

make-and-break  mechanism,  in  the  non-trembler  coil  across  the 
interrupter,  in  the  trembler  coil  across  the  vibrator  or  buzzer. 
The  condenser  consists  of  a  large  number  of  sheets  of  tinfoil,  the 
number  depending  upon  the  capacity  desired.  Each  sheet  is 
separated  from  the  next  by  a  layer  of  insulation,  and  the  alternate 
sheets  are  connected  together.  This  manner  of  construction  is 
clearly  shown  in  the  diagram.  The  object  of  the  condenser  is  to 

prevent  serious  sparking  at  the  make-and-break  contacts  in  the 
primary  circuit.  The  reasons  why  such  a  spark  occurs  at  all  in 
such  a  circuit  is  that  the  collapse  of  the  magnetic  field  not  only 
induces  a  high  pressure  in  the  secondary  winding,  but  also  causes 

a  momentary  increase  in  the  pressure  in  the  primary,  thus  bridg- 
ing any  small  gap  by  a  spark,  and  causing  rapid  wear  of  the  con- 

tact points  of  the  trembler  at  E,  Fig.  13-11.  When  the  primary 
circuit  is  now  broken  at  E,  the  current  induced,  instead  of  jump- 

ing across,  is  expended  in  charging  the  condenser.  The  action 
is  very  similar  to  that  of  an  air  chamber  on  a  hydraulic  pipe  line, 
absorbing  shock  by  compressing  air.  The  next  time  the  primary 
circuit  is  closed  at  E,  the  condenser  discharges  and  helps  to  send 
a  current  through  the  primary. 

As  actually  constructed,  spark  coils  are  very  compact.     The 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2014



GAS  ENGINE  AUXILIARIES 
405 

condenser  is  generally  placed  under  the  coils,  and  the  whole  is 
enclosed  in  a  tight  wooden  box.  Kxternally  nothing  shows  but 
the  terminals  and  the  trembler,  if  the  coil  is  of  that  type.  In 

FIG.  13-12.  —Three-Terminal  Spark  Coil. 

some  coils  one  end  of  the  secondary  coil  is  connected  to  one  end 
of  the  primary  winding,  so  that  only  three  terminals  show,  as  in 

Fig.  13-12.  Fig.  13-13  shows  a  four-terminal  coil,  the  secondary 
terminals  being  on 
top.  The  tremblers 
arc  of  various  con- 

structions, nearly  each 
maker  having  his  o\vn 

design.  They  must 
give  a  quick  break. 
They  should  be  easy 
of  fine  adjustment, 
but  the  adjustment, 
once  made,  should 

stay.  In  many  cases, 
as  for  automobile  and 

marine  purposes,  the 
entire  spark  coil  is  enclosed  in  a  second  box  with  tight  cover,  so 
as  to  prevent  fouling  by  mud  or  water.  An  example  of  this  is 
shown  in  Fig.  13-14. 

Timers.  —  A  very  important  part  of  a  jump-spark  system  is 
the  device  making  and  breaking  the  primary  circuit,  for  every- 

thing dej>ends  u|>on  the. non-failing  regularity  of  its  performance. 

FK;.  13-13.  —  Four-Terminal  Coil. 
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FIG.  13-14.  —  Dash-board  Coil. 

There  is  a  large  number  of  such  timers  or  commutators  on  the 

market,  all  more  or  less  good.     Figs.  13-15  to  13-18  show  a  few 
of  the  designs.  The  fundamental 
idea  in  all  of  these  is  the  same. 

The  half-time  shaft  actuates  a  cam 
or  wiper  inside  of  a  case,  which 
cam,  at  the  proper  time,  makes  and 
breaks  contact  with  insulated  ter- 

minals held  by  the  surrounding  case. 
The  number  of  such  terminals  de- 

pends upon  the  number  of  cylin- 
ders. A  great  deal  of  ingenuity  is 

shown  in  the  prevention  of  friction 
between  the  cam  and  the  terminal. 

The  action  of  the  Sintz  timer,  Fig. 

13-15,  is  obvious.  Here  we  have 
roller  contact,  the  ends  of  the  ter- 

minals are  hardened  steel,  and  the 

case  is  dust  proof.  Of  somewhat 
similar  design  is  the  Lacoste  timer, 

Fig.- 13-16.  The  cross-section  shows  clearly  the  manner  of  con- 
struction. Somewhat  more  complicated,  but  of  excellent  design, 

is  the  Pittsfield  timer,  Fig.  13-17.  In 
the  Grouse-Hinds  double  ball  timer, 

Fig.  13-18,  the  cam  on  the  half-time 
shaft  passes  between  two  steel  balls, 
held  as  shown.  This  makes  the  con- 

tact positive,  keeps  the  surfaces 
clean,  and  the  wear  is  very  small. 

With  any  of  the  above  devices, 
the  time  of  sparking  may  be  varied 

by  shifting  the  terminals  with  ref- 
erence to  the  cam  or  wiper  on  the 

half-time  shaft.  Some  timers  incor- 
porate governors  .to  automatically 

time  the  spark. 

Spark  Plugs.  —  A  spark  plug  consists  of  two  electrodes  or 
sparking  points  which  are  held  a  certain  distance  apart  in  the 
cylinder.  The  central  electrode  is  insulated,  while  the  metallic 

FIG.  13-15.  —  Sintz  Timer. 
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jacket enclosing the insulation generally carries the other spark 

point. This point, therefore, can be put in the circuit by fastening 

a wire anywhere to the engine. The essential requirements of 

  

  

    
    

Fie. 13-17. — Pittsfield Timer. 

the construction are that the insulation of the central electrode 

be sufficient and not liable to breaking down, and that the elec- 

trode points be so constructed that the plug is not easily subject 

to fouling.
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jacket  enclosing  the  insulation  generally  carries  the  other  spark 
point.  This  point,  therefore,  can  be  put  in  the  circuit  by  fastening 
a  wire  anywhere  to  the  engine.  The  essential  requirements  of 

FIG.  13-16.  —  Lacoste  Timer. 

Fie.  13-17.  —  Pittsficld  Timor. 

the  construction  arc  that  the  insulation  of  the  central  electrode 

bo  sufficient  and  not  liable  to  breaking  down,  and  that  the  elec- 

trode |Miints  IK-  so  constructed  that  the  plug  is  not  easily  subject 
to  fouling. 
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The  most  important   part  of  the  entire  plug  is  perhaps  the 
insulation  of  the  central   electrode.     Among  the  materials  used 

for  t  his  purpose, 

porcelain  and  mica 
take  the  lead.  Por- 

celain, while  excel- 
lent, is  very  liable 

to  break  under  any 
uneven  expansion  by 

heat,  and  the  insu- 
lation must  therefore 

be  carefully  designed 

with  this  point  in 
view.  Mica  is  not 

open  to  that  objec- 
tion and  its  electri- 

cal resistance  is  very 

high,  but  owing  to 
its  laminated  struc- 

ture, oil  or  soot 

may  after  a  time  be 
forced  between  the 
laminations    under Fie.  13-18.  —  Grouse-Hinds  Double  Ball  Timer. 

the     high     pressures     existing, 

thus  short-circuiting  the   plug. 
How  various  manufacturers 

have  tried  to  take  into  account 

the  requirements  mentioned,  is 

shown  in  Fig.  13-19.*  The 
first  six  plugs  there  shown  have 
porcelain,  and  the  last  two  mica 
insulation. 

It  should  be  remembered  in 

connection  with  spark  plugs,  that 
since  the  electrical  resistance 

across  the  spark  gap  is  greater 
when  in  actual  operation  in  the 

engine  than  when  in  ordinary  FIG.  13-19. —Various  Designs  of  Spark 
air,  a  plug  may  give  a  fair  spark  Plugs. 

*  From  Romans,  Automobiles,  p.  284. 
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when  tested  in  air,  and  may  still  fail  in  operation.  It  should  also 
be  remembered  that  heat  will  lower  the  electrical  resistance  of 

porcelain,  so  that  when  the  plug  is  very  hot,  short-circuiting 
through  the  insulation  may  result.  It  has  been  shown  by  ex- 

periment that  while  the  resistance  of  porcelain  cold  was  about 
100  megohms,  this  fell  to  2  megohms  when  the  plug  was  at  a 
dull  red  heat  and  under  this  condition  sparking  ceased.  The 
spark,  however,  was  immediately  restored  by  an  external  spark 
gap,  and  continued  even  when  the  resistance  had  fallen  to  800,000 
ohms.  Without  the  external  gap,  if  the  plug  was  allowed  to 
cool  down,  sparking  recommenced  when  the  resistance  of  the 

porcelain  had  again  risen  to  5  megohms. 
Auxiliary    Spark    Gap.  —  As   the    name   implies,    this   is   a 

second  spark  gap  placed  in  the  secondary  circuit  outside  of  the 

FIG.  13-20. — Auxiliary  Spark-gap. 

rylinder.  This  gap  acts  like  an  electrical  condenser,  above 
explained.  The  pressure  builds  up  on  one  of  the  terminals  of  this 
gap.  until  it  is  high  enough  to  break  through  the  intervening  air, 
causing  an  impulse  of  very  high  pressure  through  the  circuit,  thus 
giving  a  good  spark  across  (he  main  gap  in  the  cylinder.  Fig. 

13-20.*  shows  one  form  of  auxiliary  spark  gap.  The  advantages 
claimed  for  the  device  are: 

(a)  Greater  certainty  of  sparking  in  the  cylinder,  since  the 
higher  pressure  generated  will  cause  a  spark  even  across  a  par- 
»ially  fouled  plug. 

(6)  (Ireater  life  of  battery,  since  current  cannot  leap  across 
a  fouled  plug  as  long  as  the  auxiliary  gap  is  not  bridged. 

(c)  The  sparking  ran  be  watched,  since  a  spark  across  the  gap 
always  means  a  spark  in  the  cylinder. 

*  Homans,  Automobiles,  p.  290. 
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In  spite  of  these  facts  the  auxiliary  spark  gap  has  not  found 
extended  application. 

RELATIVE.  AD  VANTAGES  AND  DISADVANTAGES  OF    MAKE-AND-BREAK 

AND    JUMP-SPARK    SYSTEMS 

Make  and  Break  Ignition.  —  Low  tension  throughout  the  cir- 
cuit, requiring  less  thorough  insulation,  and  causing  less  trouble 

from  short-circuiting.  The  system  is  electrically  more  simple, 
while  mechanically  it  is  somewhat  more  complex  than  the  jump- 
spark  system.  This  latter  fact  makes  it  somewhat  difficult  to 

apply  to  high-speed  engines. 
Jump-spark  Ignition.  —  Electrically  more  complex  than  the 

other,  but  has  no  moving  parts  inside  of  the  cylinder. 

Can  be  operated  under  very  high-speeds  with  entire  success, 
.and  has  the  greatest  flexibility  with  regard  to  spark  adjustment. 

Sources  of  Current.  —  All  sources  of  electrical  current  used 
for  electric  ignition  may  be  classed  under  two  heads: 

1.  Chemical  Generators,  under  which  come 

(a)  Primary  sources,  as  wet  and  dry  cells,  and 
(6)  Secondary  sources,  as  the  storage  battery  or  accumulator. 
2.  Mechanical    Generators,    variously    called    dynamos    and 

magnetos. 
1.    Chemical  Sources  of  Current. 

(a)  WET  AND  DRY  CELLS.  —  All  chemical  cells  consist  of 
three  essential  parts,  a  positive  and  a  negative  electrode  and  an 
exciting  liquid,  called  the  electrolyte.  As  the  name  implies,  in 
the  wet  cell  this  electrolyte  is  used  in  its  liquid  form,  while  in  the 
dry  cell  it  is  mixed  with  some  absorbing  material,  and  the  paste 
is  used  to  fill  the  space  between  the  electrodes.  Take  the  dry 
cell  as  an  example.  The  negative  element  is  usually  a  carbon 
rod  placed  at  the  center  of  the  circular  case  which  forms  the 
envelope  of  the  cell.  This  rod  is  surrounded  generally  first  by 
a  layer  of  manganese  dioxide,  the  purpose  of  which  will  appear 
later,  and  the  rest  of  the  space  between  this  and  the  positive 
element,  usually  zinc  in  the  shape  of  a  cylinder,  is  then  filled 

with  the  electrolyte  paste,  the  original  liquid  being  usually  sal- 
ammoniac  and  water.  The  top  of  the  cell  is  then  covered  with 
pitch  or  other  substance  that  prevents  the  evaporation  of  the 
liquid  in  the  paste,  except  that  a  small  vent  hole  is  left  to  allow 
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of  the  escape  of  any  gas  that  may  form  within  the  cell  due  to  the 
chemical  action  going  on.  In  such  a  cell  the  current  generated 
by  the  action  of  the  electrolyte  passes  from  the  zinc  to  the  carbon 
electrode,  so  that  as  far  as  the  terminals  of  the  cell  are  concerned, 
the  carbon  is  the  positive  terminal.  The  chemical  action  destroys 
the  zinc  after  a  time  and  produces  hydrogen  gas  on  the  carbon 
element.  The  greater  the  amount  of  this  gas  deposited  on  this 
element,  the  slower  the  generation  of  current,  so  that  it  may 
finally  cease  altogether.  The  cell  is  then  said  to  be  polarized. 
In  dry  cells  the  gas  is  taken  care  of  in  two  ways;  the  vent  hole 

in  the  top  allows  some  of  it  to  escape,  while  the  layer  of  man- 
ganese dioxide  above  mentioned  absorbs  another  part.  But  it 

is  a  fact  that  by  these  means  not  all  of  the  gas  is  rendered  harm- 
less and  hence  the  cells  will  polarize  with  more  or  less  rapidity. 

This  merely  means  that  if  current  is  drawn  from  them  continu- 
ously for  any  considerable  length  of  time,  their  strength  will  fail, 

making  the  cell  appear  dead.  The  same  reasoning  applies  to 
wet  cells  where  the  hydrogen  is  allowed  to  escape  through  the 
liquid.  Now,  assuming  that  the  zinc  is  not  yet  destroyed,  if  a 
cell  so  polarized  is  allowed  to  recuperate,  it  will  again  attain 
nearly  its  normal  strength  and  may  be  used  as  before.  The  cells 

are  said  to  be  adapted  to  "open-circuit  work."  From  all  of  this 
it  is  quite  evident  that  in  places  where  the  requirement  for  current 
is  not  very  great  and,  above  all,  not  continuous,  the  primary  cell 
will  give  satisfactory  service.  But  where  the  draft  of  current  is 

nearly  continuous,  as  in  high-speed  four-cylinder  machines  for 
instance,  the  cell  will  rapidly  polarize  and  soon  fail  to  give  sufnV 
cient  voltage  to  operate  the  spark  coil.  The  average  size  of  a 

dry  cell  is  about  2$"  x  7".  It  will  give  when  fresh  from  1.3  to 
1.5  volts  and  from  12  to  15  amperes. 

It  should  be  understood  that  there  are  other  combinations  of 

electrodes  and  electrolytes  which  may  be  used  to  generate  cur- 
rent. Thus  the  so-called  soda-cell  is  made  up  of  a  zinc  plate  and  a 

copper-oxide  plate  with  a  caustic  soda  solution  as  the  electrolyte. 
(6)  STORAGE  BATTKRIES  OR  ACCUMULATORS.  —  A  storage  cell, 

like  a  primary  cell,  consists  of  two  electrodes  dipped  in  an  elec- 
trolyte, hut  contrary  to  the  primary  cell,  it  cannot  give  off  elec- 

t  rical  energy  in  its  original  state  when  the  circuit  is  closed.  It  is 
necessary  to  charge  a  storage  cell  before  it  can  return  electrical 
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energy  on  the  discharge.  The  charging  action  causes  chemical 
changes  in  the  material  of  the  electrodes  and  in  the  electrolyte. 
The  energy  so  rendered  latent  is  nearly  all  restored,  when,  after 
the  charging  current  is  disconnected,  the  outside  circuit  is  closed. 
Chemical  changes,  producing  a  current  in  the  reverse  direction, 
then  take  place  in  the  cell,  which  return  both  the  electrodes  and 
the  electrolyte  to  their  original  condition.  Some  exhausted 
primary  cells  may  be  partially  restored  by  passing  a  current 
through  them  in  the  reverse  way,  but  in  most  cases  the  trouble 

is  not  worth  while.  The  possibility  of  a  nearly  complete  re- 
generation of  a  storage  cell  is  the  chief  difference  between  it  and 

a  primary  cell. 
There  are  a  number  of  materials  which  can  be  used  as  elec- 

trodes and  electrolytes,  but  the  usual  type  of  storage  cell  to-day 
is  that  using  some  lead  compound  for  the  former  and  sulfuric  acid 
and  water  for  the  latter.  Hence  only  this  lead  storage  cell  will 
be  here  considered. 

In  its  modern  form,  both  the  positive  and  negative  plates  of 
a  cell  consist  of  cast  grids  of  lead,  to  which  antimony  is  sometimes 
added  to  stiffen  them.  The  perforations  in  the  positive  plate  are 

first  filled  with  some  compound  of  lead,  as  Pb3O4,  which  is  after- 
ward converted  to  peroxide  of  lead,  PbO2.  Similarly  the  negative 

plate  is  filled  with  PbO  which  is  afterwards  converted  into  spongy 
metallic  lead.  A  number  of  plates  so  prepared  are  then  placed 

side  by  side  in  a  glass  jar,  or  if  the  battery  is  to  be  used  for  auto- 
mobile work,  in  a  vessel  of  hard  rubber  or  of  wood  lined  with 

rubber  or  lead.  Positive  and  negative  plates  alternate,  and  all 
the  plates  of  like  kind  are  connected  together.  There  should 
always  be  one  more  negative  than  positive  plates  so  that  each 
side  of  each  positive  plate  shall  face  a  negative  plate.  The 
arrangement  of  plates  presents  a  large  plate  surface  in  a  compact 
space.  Suitable  insulation  separates  the  plates  from  each  other 
and  keeps  them  from  touching  the  bottom,  in  order  to  prevent 

any  short-circuiting  by  contact  or  by  dipping  into  any  sediment 
that  may  form.  In  automobile  batteries,  the  top  is  enclosed  to 
prevent  the  spilling  of  the  electrolyte,  and  nothing  shows  but  the 
two  terminals  and  an  opening  for  filling.  This  is  usually  kept 

closed  by  a  rubber  cork  writh  a  small  vent  hole  to  allow  of  the 
escape  of  any  gases  that  may  form. 
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The  chemical  reactions  that  occur  during  charging  and  dis- 
charging are  not  yet  fully  understood,  but  it  is  agreed  that  the 

main  action  is  the  formation  of  lead  peroxide  on  the  positive  and 

metallic  lead  on  the  negative  plate  during  charging,  and  the  for- 
mation of  lead  sulphate  on  both  plates  during  discharge.  The 

action  is  best  explained  by  the  following  diagram.* 

Discharging    >- 
Charged  Condition  Discharged  Condition 

+  Plato,  Electrolyte,  -  Plate,      +  Plate  -  Plate 
I'M),     +2H2SO4+Pb    =     PbSO4     +  2H,O  +  PbSO«+  electric  energy 

-<    Charging 

Such  a  lead  cell  when  fully  charged  should  show  a  voltage  of 
from  2.2  to  2.25  on  open  circuit,  and  from  2.10  to  2.15  when  the 
engine  is  running.  The  voltage  soon  drops  to  2.0  and  then  slowly 

to  1.8.  Three-quarters  of  the  total  discharge  takes  place  between 
the  latter  figures.  It  is  usual  to  discontinue  discharging  a  cell 
when  the  voltage  has  reached  1.75.  Beyond  this  point  the 
format  ion  of  the  insoluble  lead  sulfate  becomes  troublesome  and, 

discharging  much  below  this  figure,  the  cell  may  be  destroyed  or 
at  least  seriously  impaired. 

Rating  of  Storage  Batteries.  —  The  amperage  of  storage 
cells  depends  on  the  weight  of  material  in  the  cell  converted  by 
the  chemical  reactions,  while  the  rate  at  which  electrical  energy 
can  l>e  taken  off  depends  upon  the  surface  of  the  active  materials 

exposed  to  chemical  action.  Cells  are  rated  by  their  ampere- 
hour  capacity  and  nearly  every  maker  states  the  normal  rate  of 

discharge  recommended.  For  ordinary  constructions  the  nor- 
mal discharge  rate  is  about  .04  ampere  per  square  inch  of  total 

positive  plate  surface,  and  the  discharge  capacity  about  4  ampere- 
hours  [x»r  |M>und  of  plate,  including  negative  and  positive.  In 
order  to  IH»  able  to  compare  different  cells,  the  capacity  rating  is 
based  upon  a  current  that  will  cause  the  voltage  of  the  cell  to  fall 

to  1.7")  volts  in  eight  hours.  Thus,  if  to  produce  this  result  a 
current  of  say  25  amperes  must  be  drawn,  the  capacity  of  the 

cell  is  said  to  l»e  s  \  25  =  200  ampere-hours.  If  the  rate  of  dis- 
charge is  faster  than  this,  it  is  obtained  at  the  expense  of  capacity. 

Thus  if  a  current  of  40  ani|x'res  were  drawn,  the  capacity  might 

*  International  Library  of  Technology. 
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be  only  160  ampere-hours.  Conversely,  if  the  rate  of  discharge 
is  slower  than  the  standard,  the  limiting  voltage  of  1.75  may  not 

be  reached  for  say  twelve  hours  instead  of  eight.  These  varia- 
tions depend  largely  upon  the  make  of  cell. 

Charging  a  Cell.  —  In  charging  a  cell  it  is  absolutely  neces- 
sary to  determine  the  polarity  of  the  terminals  of  the  source  of 

current.  The  positive  terminal  must  be  connected  to  the  posi- 
tive terminal  of  the  cell.  The  charging  rate  of  lead  cells  should 

be  about  the  same  as  the  normal  eight-hour  discharge  rate.  It 
is,  however,  possible  to  use  smaller  currents  for  a  longer  time. 
The  voltage  of  the  charging  current  must  be  somewhat  greater, 
from  5  to  10  per  cent,  than  the  discharge  voltage,  on  account  of 
the  internal  resistance  that  must  be  overcome.  In  one  charging 
test,  the  charging  voltage  rose  from  2.05  to  2.15  at  the  end 
of  two  hours,  to  2.20  at  the  end  of  six  hours,  and  to  2.50  volts  in 

eight  hours  and  forty-five  minutes.  The  rate  of  charging  was 
thus  about  normal.  If  charging  is  continued  beyond  this  point, 
the  electrolyte  will  have  the  appearance  of  boiling,  owing  to  the 
gas  that  is  being  evolved.  Slight  overcharging  will  not  injure  a 
cell,  but  a  large  amount  of  it  leads  to  sulfating  and  permanent 
injury. 

Testing  of  Storage  Batteries.  —  Two  tests  may  be  made, 
one  for  voltage,  the  other  for  sparking.  For  the  former  a  low- 
reading  voltmeter,  0  to  3  volts,  is  connected  across  the  terminals 
of  the  battery,  while  the  engine  is  in  operation.  The  reading 
should  be  above  1.75  volts.  Any  cell  may  give  1.9  to  2  volts  on 
open  circuit,  even  if  completely  run  down  a  short  time  before. 
The  sparking  test  is  made  to  determine  in  a  way  the  state  of  the 

charge  by  noting  the  kind  of  spark.  This  test  should  be  care- 
fully done  and  not  repeated  too  often.  It  is  a  dead  short-circuit 

method  and  therefore  not  good  for  the  cell.  The  use  of  an 
ammeter  is  for  that  reason  not  recommended,  as  it  would  take  too 

long  to  get  a  reading.  The  sparking  test  is  made  by  placing  one 
skinned  end  of  a  piece  of  insulated  copper  wire  in  contact  with 
one  end  binding  post  of  the  battery,  and  then  drawing  the  other 
end  rapidly  across  the  other  post.  The  spark  should  be  loud 
and  snappy. 

Any  storage  battery  should  last  from  three  to  four  years  if 
properly  treated.  .  It  is  well  to  adopt  a  regular  charging  period, 
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say  once  in  three  weeks  for  the  ordinary  automobile  battery, 
whether  the  battery  is  run  down  or  not. 

2.  Mechanical  Forms  of  Generators:  Dynamos  and  Magnetos. 

-  Mechanical  forms  of  current  producers  have  the  advantage 
over  primary  and  secondary  batteries  in  that  the  energy  required 
by  them  is  derived  directly  from  the  engine  they  operate.  Hence 
current  will  be  produced  as  long  as  and  only  when  desired.  The 
other  forms  of  generators  depend  upon  sources  of  energy  entirely 

extraneous  to  the  engine  plant,  and  the  supply  of  current  is  there- 
fore not  in  any  sense  automatic,  which  would  be  the  ideal  condi- 

tion. The  terms  dynamo  and  magneto  have  been  variously 

used.  Some  writers  designate  by  "dynamo"  any  generator  hav- 
ing electro-magnets  serving  to  establish  the  magnetic  field,  and 

by  "magneto"  any  machine  employing  permanent  magnets  for 
this  service.  Others  define  the  difference  as  existing  in  the  kind 
of  current  produced,  a  dynamo  furnishing  direct,  i.e.,  continuous 
current,  while  a  magneto  produces  alternating,  i.e.,  pulsating, 

current.  Whatever  definition  is  adhered  to,  it  should  be  remem- 
bered that  in  either  machine  the  current  is  produced  by  an 

electrical  conductor  cutting  the  magnetic  field.  The  current  is  pro- 
duced in  exactly  the  same  way,  and  for  exactly  the  same  reason, 

as  that  established  in  the  secondary  winding  of  a  spark  coil,  as 
explained  above.  In  this  case  the  conductor  of  electricity  is 
wound  upon  a  piece  of  metal,  called  an  armature,  which  is  rapidly 
rotated  in  a  magnetic  field.  It  makes  no  difference  whether  this 

field  is  produced  by  permanent  magnets  or  by  electro-magnets. 
If  there  are  a  number  of  such  conductors  upon  the  armature,  and 

the  current  induced  in  each  is  properly  collected  by  a  so-called 
commutator  upon  the  armature  shaft  so  as  to  be  practically  con- 
timious  in  its  flow  through  the  external  circuit,  we  have  what  is 
generally  called  a  dynamo.  On  the  other  hand,  if  the  current 
in  the  external  circuit  rises  to  a  maximum  value  and  then  dies 

out  to  give  a  maximum  value  next  in  the  opposite  direction,  the 
machine  is  generally  known  as  a  magneto.  While  in  all  dynamos 

and  most  magnetos  the  armature  constantly  rotates  in  one  direc- 
tion, it  should  lx>  stated  that  in  all  magnetos  this  is  not  at  all 

necessary.  Thus  in  the  Simms  Bosch  magneto,  the  armature  is 
stationary,  and  only  a  sleeve  surrounding  the  armature  is  rapidly 

oscillated  in  the  magnetic  field.  It  would  be  beyond  the  scope 
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of  this  book,  however,  to  discuss  all  the  possible  modifications, 

and  the  reader  is  hence  referred  to  the  works  upon  this  subject.* 
In  general,  the  small  dynamo  used  for  ignition  purposes  is 

driven  by  means  of  a  friction  wheel  from  the  fly-wheel  of  the 
engine.  There  is  then  no  current  available  from  the  dynamo  when 
the  engine  is  started,  and  it  becomes  necessary  to  use  a  battery 
of  some  kind  for  the  first  minute  or  two,  switching  in  the  dynamo 
when  it  is  up  to  speed.  This  scheme  has  the  disadvantage  that 
the  battery  is  sometimes  left  in  the  circuit  and  the  dynamos  have 
been  known  to  burn  out  under  excessive  engine  speeds.  A  device 

called  the  Auto  Sparker,  Fig.  13-21,  overcomes  these  difficulties. 
This  little  dynamo  is  fitted  with  a  centrifugal  governor  which 

controls  the  position  of 
the  friction  wheel  on  the 

fly-wheel  rim,  so  that 

even  at  starting  the  ar- 
mature rotates  rapidly 

enough  to  furnish  start- 
ing current.  This  does 

away  with  an  auxiliary 
battery.  As  the  engine 

speeds  up,  the  governor 

FIG.  13-21.  —  Auto  Sparker. of  the  dynamo  acts  to 
keep  the  armature  speed 

constant,  independent  of  the  diameter  of  the  fly-wheel  or  the 
engine  speed.  By  adjusting  the  governor  tension  spring,  it  is 
possible  to  control  the  speed  of  the  dynamo  to  get  any  current 
between  1  and  3  amperes  and  any  voltage  between  3  and  10  volts. 

Regarding  magnetos,  the  following  description  of  the  action 
of  a  magneto,  together  with  the  explanation  of  the  method  of 
connecting  it  up,  is  taken  from  a  catalogue  of  the  Holley  Bros. 

Company  of  Detroit.  For  clearness  and  simplicity  this  descrip- 
tion can  hardly  be  improved  upon. 

"A  magneto,  so  far  as  its  essential  parts  are  concerned,  is  a 
very  simple  thing.  It  consists  of  a  U-shaped  piece  of  special 
steel,  which  is  permanently  magnetized;  in  other  words,  a  com- 

mon horseshoe  magnet  and  a  rotating  armature.  The  armature 

consists  of  a  soft  iron  core  of  approximate  H  cross-section  as 

*  W.  Hibbert,  Electric  Ignition  for  Motor  Vehicles. 
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viewed  along  the  shaft  upon  which  it  is  supported  and  on  which 
it  is  designed  to  rotate.  The  magnet,  to  the  free  ends  of  which 

are  affixed  soft  iron  arc-shaped  pole  pieces,  and  the  armature  core 
with  the  sides  of  the  H  correspondingly  arc  shaped,  is  shown  in 

vertical  section  in  Fig.  13-22.  In  the  slot  formed  in  the  armature 

NL 

Bf    A'
 

Fin.  13-22. 

core  by  the  sides  of  the  H,  wire  is  wound  in  turns  lengthwise  of 
the  armature  shaft.  So  much  for  the  construction  of  the  ele- 

mentary magneto.  In  order  to  understand  how  it  generates  in 
its  armature,  when  turned,  an  electric  current,  it  is  necessary  to 
remember  one  law  of  physics,  namely:  Whenever  a  wire  is  wound 
about  a  magnetized  soft  4ron  core  and  the  magnetism  of  the  core 
suddenly  dies  out,  there  will  be  a  tendency  for  a  current  to  be 
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produced  in  the  wire.  A  familiar  example  of  the  working  of 

this  law  is  found  in  the  operation  of  the  common  jump-spark  coil. 
Here  we  have  a  core  made  of  soft  iron  wires  and  around  it  is 

wound  a  great  many  turns  of  fine  wire,  the  ends  of  which  are  con- 
nected to  a  spark  plug.  The  core  is  also  wound  with  a  coil  of 

wire  which  is  supplied  with  current  from  a  battery,  and  when  this 
current  is  flowing  the  core  is  magnetized.  When  the  current 

from  the  battery  is  interrupted,  the  magnetism  in  the  core  sud- 
denly dies  out,  and,  in  accordance  with  the  law  above  stated,  a 

tendency  is  created  for  a  current  to  flow  in  the  fine  wire  coil  which 

is  connected  to  the  spark  plug  and  this  'induced'  current  jumps 
at  the  plug. 

"In  order  to  explain  how  the  iron  core  of  the  magneto  arma- 
ture with  its  winding  is  magnetized  and  how  the  magnetism  of 

the  core  is  caused  suddenly  to  die  out,  it  is  necessary  to  refer  to 

four  diagrams  of  Fig.  13-22,  showing  the  armature  in  different 
positions  of  rotation  with  respect  to  the  pole  pieces.  In  diagram 
(I)  the  armature  is  represented  with  the  two  heads  of  its  core  in 

close  proximity  to  the  faces  of  the  pole  pieces.  The  space  be- 
tween the  pole  pieces  is  thus  almost  completely  filled  or  bridged 

with  iron,  and  magnetism  passes  from  one  pole  piece  to  the  other 
through  the  armature  core,  thoroughly  magnetizing  it.  Next 
consider  diagram  (II).  Here  the  armature  is  shown  rotated  into 
such  a  position  that  one  edge  of  each  pole  of  the  armature  core  is 
just  leaving  the  vicinity  of  one  of  the  pole  pieces.  As  soon  as  this 
position  is  passed,  the  space  from  pole  piece  to  pole  piece  is  no 
longer  filled  with  iron,  but  with  air  which  is  not  a  conductor 
of  electricity.  Thus  very  little  magnetism  passes  from  one 
pole  piece  to  the  other  and  the  core  is  no  longer  traversed 

by  the  magnetic  influence  and  suddenly  ceases  to  be  mag- 
netic. This  is  exactly  the  condition  prescribed  by  the  above 

quoted  law  for  the  production  of  a  current,  and,  in  fact,  when  the 
armature  in  its  rotation  leaves  position  (II),  there  is  a  sudden 
impulse  of  current  produced  in  the  wire  of  the  armature  which 
dies  away  after  the  armature  rotates  a  little  beyond  this  position. 

In  position  (III),  the  conditions  of  armature  magnetization  exist- 
ing in  position  (I)  are  reproduced,  except  that  the  armature  has 

changed  ends  in  respect  to  the  pole  pieces  and  the  magnetic  in- 
fluence passes  through  it  in  the  opposite  sense,  charging  it  oppo- 
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sitely,  so  that  when  the  magnetism  is  discharged  in  position  (IV) 
the  current  will  be  in  the  opposite  direction  through  the  wire  of 
the  armature  winding.  As  the  armature  is  turned  upon  its  shaft, 
there  are  thus  produced,  in  each  compleie  rotation,  two  rather 

short  impulses  of  current  of  opposite  direction  nearly  correspond- 
ing with  the  instants  at  which  the  armature  heads,  so  to  speak, 

'part  company'  with  the  pole  pieces  and  are  half  a  revolution 
apart.  During  the  remainder  of  the  rotation  there  is  no  current 
flowing.  It  may  be  readily  seen  that  by  connecting  one  end  of 
the  armature  wire  to  the  armature  core,  and  by  connecting 
the  other  to  an  insulated  metallic  contact  segment,  carried 

by  the  armature  shaft,  upon  which  bears  a  stationary  insu- 
lated brush,  the  current  impulses  may  be  taken  from  the  magneto 

for  use. 

••Now  as  to  the  practical  use  of  such  a  magneto  for  ignition 
purposes.  Since  it  is  only  during  a  small  part  of  the  armature 
rotation  that  current  is  being  generated,  it  is  necessary  to  rotate 
the  armature  shaft  at  such  a  speed  that  these  electrical  impulses 
shall  be  so  timed  as  to  correspond  with  the  periods  when  ignition 
is  required  by  some  one  cylinder  of  the  engine.  If  this  were  not 
attended  to,  the  ignition  periods  of  the  engine  might  occur 
during  the  parts  of  the  armature  revolution,  when  no  current 
was  being  produced.  In  order  to  bring  about  this  result,  the 
magneto  and  the  engine  must,  at  all  times,  run  at  a  properly 

pro  port  ioned  ratio  of  speeds  and  the  positions  of  the  engine,  crank 
shaft,  and  armature  must  be  adjusted  right  in  the  first  place.  If 
the  magneto  shaft  is  geared  to  the  engine  at  the  right  ratio  and 

the  teeth  of  the  two  gears  are  correctly  meshed,  the  desired  re- 
sult will  be  brought  about.  For  instance,  if  the  engine  be  of  the 

four-cylinder,  four-cycle  type,  four  sparks  will  be  required  for 
each  two  crank-shaft  rotations.  Four  sparks  will  be  produced 
for  each  two  revolutions  of  the  magneto,  as  well,  and  thus,  if  the 
magneto  and  the  engine  run  at  the  same  speed,  the  sparks  will  be 

numerically  correct.  If  geared  to  the"  crank  shaft,  the  crank- 
shaft gear  and  the  magneto  gear  would  have  the  same  number 

of  teeth,  and  if  driven  from  a  two  to  one  shaft,  the  number 
of  teeth  in  the  two  to  one  shaft  gear  would  be  twice  as  great 

as  the  teeth  of  the  magneto  gear.  By  changing  the  particu- 
lar teeth  of  one  gear  which  are  in  mesh  with  certain  teeth 
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of  the  other,  the  current  impulses  may  be  made  to  occur  at  the 

moments  when  the  pistons  are  exactly  in  the  firing  positions." 
In  variable-speed  engines,  as  automobile  ma- 

chines, for  instance,  the  service  required  of  the 
ignition  outfit  becomes  more  exacting  as  the  speed 
increases,  owing  to  greater  compression  and  less 
available  time.  This  in  the  case  of  mechanical 

current  generators  is  met  by  a  natural  increase  in 
voltage  with  increase  in  speed,  which  constitutes 
another  advantage  of  this  type  of  generator  as 
compared  with  primary  and  secondary  cells.  Thus 
less  hand  manipulation  of  the  spark  is  required, 
but  all  magneto  systems  should  be  provided  with 
means  of  altering  the  armature  position  relative 

to  the  crank-shaft  position  in  order  to  alter  the 
time  of  spark. 

METHODS  OF  CONNECTING  UP  PRIMARY  AND 

SECONDARY  BATTERIES,  AND  SYSTEMS  OF  WIRING 

USED.  —  Primary  and  secondary  cells  may  be 
connected  in  series,  in  parallel  (or  multiple)  and 

in  multiple-series.  The  meaning  of  these  terms 

is  explained  in  Fig.  13-23.  For  series^connec- 
tions,  Fig.  13-23a,  each  posit ive -efelnent  of 
cell  is  connected  to  the  negative  element  of  the 
next,  leaving  free  the  negative  element  say  of 
the  first  cell  and  the  positive  element  of  the 
last  for  connection  to  the  outside  circuit.  In 

the  second  or  multiple  method  of  connection, 

Fig.  13-236,  all  the  like  elements  of  the  cell  are 

P  connected  together.     Fig.  13-23c  finally  shows  six 
cells  in  multiple  series,  i.e.,  three  each  are  con- 

nected in  series,  and.  these  two  sets  in  multiple 

i  or   parallel.     To   compute   the    voltage    and   am- 
perage that  each  one  of  these  combinations  will  furnish  to  the 

outside  circuit,  let 

N  =  number  of  cells  in  the  combination 

V  =  voltage  of  one  cell,  and 
A  =  amperage  of  one  cell. 

°-  I 
6  f 
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Then  the  following  formulae  will  give  the  desired  information: 

Kind  of  Combination Series Multiple 
Multiple-series 

Voltage  of  set    
NV V 

NV 

Amperage  of  set    A NA 2A 

The  ordinary  dry  cell,  as  stated,  furnishes  about  1.5  volts 

and  12  to  15  amperes.  A  make-and-break  circuit  should  operate 
properly  on  about  8  to  10  volts,  hence  from  5  to  7  dry  cells  in 

series  are  required  for  this  service.  As  far  as  jump-spark  systems 
are  concerned  the  following  table  gives  pressures  and  currents 

required  to  operate  some  of  the  well-known  spark  coils,  together 
with  other  interesting  information.*  From  this  table  it  is  clear 
that  from  4  to  6  dry  cells  in  series  are  sufficient  to  operate  most 

jump  spark  coils: 

Volts Amps. 
Vibration 
per  sec  off 
Trembler 

Prim. 

Res. 
Ohms. Sec. Res. 

Ohms. 

Kingston     89 

Apple       
5.20 

2.2 
94 

.171 
3715 

Guenet        ,  .  .  .  . 3.7 1.31 111 .300 2337 

Guenet    5.8 123 2337 

Hardy    3.78 1.05 122 .274 2779 
Fisher    

5.8 .82 149 
.613 

2590 

Dow           3.84 .57 
149 .210 5394 

Lacoste    3.72 1.46 177 .232 2006 
Lacoste    5.62 1.94 197 

.232 2006 

Heinze    3.66 1.31 210 .320 1302 
Pitt  Afield 

228 

Induction  Coil  Co    362 1.55 
360 .312 6180 

Milwaukee           390 
.312 6180 

Turning  next  to  the  systems  of  wiring  used,  all  make-and-break 
systems  are  low-tension  systems,  i.e.,  the  voltage  does  not  gen- 

erally exceed  8  to  10  volts.  Fig.  13-24  f  shows  such  a  system  in 
diagram  with  a  magneto  as  the  source  of  current.  The  circuit 
is  easy  to  trace.  One  side  of  the  electrical  conductor  on  the 
armature  is  grounded,  that  is,  connected  to  the  engine  frame 

*H.  G.  Chatain  in  the  Automobile,  July  18,  1907. 
t  The  following  three  figures  arc  from  an  article  by  C.  B.  Hayward  in  the 

Automobile,  April  4,  1907. 
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through  the  armature  shaft  and  the  frame  of  the  magneto  itself, 
as  shown  at  Gv     The  other  end  sends  its  current  to  one  electrode 

— G 

FIG.  13-24.  —  Simplicity  of  the  Wiring  of  Low-tension  Systems. 

of  the  make-and -break  mechanism  at  A.  When  the  commutator 

or  timer,  B,  makes  contact,  current  flows,  the  circuit  being  com- 
pleted by  grounding  B,  as  shown  at  G2.  . 

Jump-spark  systems  are  called  high-tension  systems,  but  a 
distinction  should  be  made  depending  upon  whether  high  or  low 

FIG.  13-25.  —  Wiring  Diagram,  "High-tension  with  Coil  System." 

tension  magnetos  are  used.  With  a  low-tension  magneto  it  be- 
comes necessary  to  use.  the  ordinary  spark  coil,  and  hence  this 

method  is  sometimes  called  the  high-tension  ivith  coil  system. 

Fig.  13-25  shows  the  wiring  for  such  a  system,  A  being  the  con- 
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denser  and  B  the  primary  and  secondary  windings  of  the  spark 
coil.  It  is  comparatively  easy  to  trace  out  the  complete  primary 
and  secondary  circuits,  if  one  takes  into  account  the  proper 
ground  returns. 

The  true  high-tension  jump-spark  system  differs  from  the 
above  in  the  fact  that  the  high-tension  magneto  embodies  the 
secondary  winding  and  the  condenser  of  the  spark  coil.  Hence 

the  use  of  a  separate  spark  coil  is  avoided.  In  Fig.  13-26  the  two 
windings  are  indicated  on  the  armature,  but  the  condenser  is 
shown  at  one  side  for  the  sake  of  clearness.  This  diagram  shows 
the  wiring  for  four  plugs. 

FIG.  13-26.  —  Wiring  Diagram  of  True  High-tension  System. 

HIGH-TKXSIOX  DISTRIBUTOR.  —  With  the  ordinary  system  of 

jump-spark  ignition,  as  many  coils  as  there  are  cylinders  are 
required.  It  is  possible,  however,  by  placing  a  distributor  in  the 

high-tension  side  to  serve  a  number  of  cylinders  from  one  spark 
coil.  The  advantage  of  such  a  system  is  obvious,  although  it  is 

bought  at  the  cost  of  placing  a  make-and-break  mechanism  under 
very  high  voltage.  The  difficulties  inherent  in  this,  however, 
have  been  fairly  successfully  overcome.  The  difference  in  the 

wiring  is  made  clear  by  Fig.  13-27  and  Fig.  13-28,*  both  applying 
to  fou r-cy Under  engines.  The  former  shows  the  four-part  timer 
connected  to  the  four  spark  coils  serving  the  plugs  S  Pl  to  S  Pt. 

In  Fig.  13-28,  a  1 1  it;  li -tension  distributor  D  connects  the  high- 
tension  side  of  the  single  coil  first  with  one  plug,  then  with 

another  as  may  be  required.  In  practice  the  high-tension  distrib- 
£  Both  from  Hibbert,  Electric  Ignition  for  Motor  Vehicles. 
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utor D and the primary commutator or timer, C M, are com- 
bined in one device. Fig. 13-29 shows the Crouse-Hinds Double 

Ball Contact distributor and Fig. 13-30 the Leavitt distributor. 

  

  

  

    

  

  

From battery + 
  

      
  

  

Fig. 13-27. 

From battery + a @ 
  

  

      
    

  

    

  8, 

  

Fic. 13-28. 

The essential thing in high-tension distributors is that serious 

sparking in the high-tension side must be avoided. For that 
- reason, in most of the devices the primary commutator does not , 

establish the current until the high-tension distributor is in con-  
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utor  D  and  the  primary  commutator  or  timer,  C  M,  are  com- 

bined in  one  device.  Fig.  13-29  shows  the  Grouse-Hinds  Double 
Ball  Contact  distributor  and  Fig.  13-30  the  Leavitt  distributor. 

SP, 

FIG.  13-27. 

F»om  battery 

FlG.  13-28. 

The  essential  thing  in  high-tension  distributors  is  that  serious 
sparking  in  the  high-tension  side  must  be  avoided.  For  that 
reason,  in  most  of  the  devices  the  primary  commutator  does  not 

establish  the  current  until  the  high-tension  distributor  is  in  con- 
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tact  with  its  proper  plug  segment  and  the  primary  current  is 

broken  before  the  contact  in  the  high-tension  side  is  over.  To 

quote  from  the  description  of  the  Grouse-Hinds  device: 

"The  principle  is  exactly  the  same  as  that  of  the  commutator 
already  described,  Fig.  13-18.  The  distributor  has  two  cams  and 
two  sets  of  ball  contacts,  one  set  for  the  timer  and  the  other 
for  the  distributor,  the  only  difference  being  that  in  the  latter 

the  balls  in  each  contact  are  about  three-eighths  of  an  inch 
apart  and  the  cam  insulated  from  the  shaft.  The  connection  is 

Ki<;.  13-29.  — Grouse-Hinds  Distributor. 

made  and  the  circuit  is  closed  for  each  cylinder  as  the  cam 

pa>*es  between  the  halls." 
The  following  is  a  description  of  the  Leavitt  distributor  as 

given  in  a  catalogue  of  the  Uncas  Sjx'cialty  Company: 
"This  device,  two  views  of  which  are  shown  above,  consists 

of  a  cylindrical  casing,  A,  of  hard  rubber,  into  which  is  let  a  metal 

plate.  li,  at  one  end,  and  which  is  covered  by  a  hard  rubber  cap,  C, 
at  the  other  end.  Upon  a  ball  tearing  in  the  end  plate,  K,  is 
mounted  a  driving  sleeve.  I),  designed  to  be  secured  upon  an 
extension  of  the  cam  shaft ,  and  carrying  fast  upon  it  contact 

blocks,  h\  E.  A'.  /•;.  which  make  contact,  successively,  with  the 
primary  ball  contact  terminal,  F.  Thus  far  the  device  is  identical 

with  the  ordinary  timer.  The  commutator  portion  is  located 
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at  the  opposite  end  of  the  cylindrical  casing.  The  latter  is  en- 
larged at  that  end,  and  into  the  radial  wall  between  the  two 

cylindrical  portions  are  clamped  four  flat-head  studs,  G,  G,  which 
serve  as  binding  posts  for  the  spark  plug  connections.  Into  the 
end  of  the  metallic  sleeve,  D,  is  fastened  a  hard  rubber  stud,  H, 
which  at  its  outer  end  carries  a  radial  arm,  I,  which  is  of  metal 

with  a  relatively  wide  contact 
shoe  at  its  end,  which  when  the 
sleeve,  D,  revolves,  passes  over 
the  four  contact  studs,  G,  thus 

conducting  the  current  succes- 
sively to  the  four  plugs.  The 

current  is  conducted  to  the  ro- 

tating arm  by  a  central  ball  con- 
tact, J,  secured  into  the  cap,  C. 

When  the  hard  rubber  casing  is 
moved  around  its  axis  by  means 
of  the  arm,  K,  to  vary  the  time 
of  spark,  both  primary  and 
secondary  contacts  are  equally 

displaced." Mufflers.  —  A  muffler  is  an 

essential  part  of  a  gas-engine 
installation  if  quiet  operation  is 
desired.  The  sudden  release  of 

a  body  of  gas  at  a  pressure  nor- 
mally of  40  pounds  per  square 

inch  above  the  atmosphere 

causes  a  sharp  noise  very  annoy- 
ing in  the  long  run.  A  muffler 

is  merely  an  enlargement  in  the 
exhaust  pipe  to  allow  of  gradual  expansion  of  the  escaping 
gases.  Many  different  schemes  are  used.  Thus  in  some  cases 

the  muffler  is  merely  a  cast-iron  pot  or  vessel  of  suitable  vol- 
ume, in  other  cases  the  muffler  is  of  more  elaborate  construc- 
tion consisting  of  a  vessel  filled  with  baffles  or  partitions  in 

various  ways  and  intended  to  expand  the  gas  gradually  and  to 
break  up  the  sound  waves.  Besides  efficiency  as  a  dampener  of 
noise  there  are  two  other  points  that  should  be  kept  in  mind 

FIG.  13-30.  —  Leavitt  Distributor. 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2036



GAS  ENGINE  AUXILIARIES  427 

with  regard  to  mufflers,  absence  of  any  serious  back  pressure 
and  durability. 

The  increase  in  back  pressure  caused  by  a  muffler  depends 
upon  the  volume  of  the  muffler  and  upon  the  amount  of  choking 
caused  by  the  baffles.  The  minimum  volume  of  the  muffler 

should  be  at  least  five  times  the  cylinder  volume,  but  for  com- 
plete silencing  twice  this  volume  is  none  too  much.  Outside  of 

the  plain  cast-iron  muffler  pot,  it  is  probably  safe  to  say  that 
nearly  all  baffled  mufflers  increase  the  back  pressure  somewhat. 
This  fact  is  conceded  by  most  manufacturers  in  that  they  furnish 

a  cut-out  which  is  called  into  service  when  the  engine  is  to  be 
called  upon  for  a  hard  pull.  At  least  one  manufacturer,  however, 
claims  the  production  of  a  slight  vacuum  between  muffler  and 
engine  due  to  the  ejector  action  of  the  muffler. 

There  is  little  doubt  that  cast  iron  is  the  best  material  to  use 

for  mufflers,  as  it  is  least  attacked  both  by  heat  and  the  action 
of  gases.  This  is  especially  true  if  a  spray  is  used  in  the  exhaust 
pipe  for  the  purpose  of  cooling  and  condensing  the  exhaust  gas. 
Many  mufflers,  however,  for  the  sake  of  lightness  and  ease  of 
manufacture,  are  made  of  galvanized  sheet  steel  and  give  quite 
satisfactory  service. 

The  noise  of  the  air  rushing  into  the  inlet  pipes  of  an  engine 
is  also  sometimes  very  annoying  and  in  some  cases  may  cause 
undesirable  vibrations  of  doors  and  windows,  and  even  walls, 
of  the  building.  In  such  a  case  it  is  usual  to  muffle  also  the  inlet 
pipes,  and  one  of  the  best  ways  to  do  this  in  small  and  medium 

sized  engines  is  to  take  the  air  from  the  hollow  sub-base. 
In  some  very  large  engines  the  proper  silencing  of  the  intake 

and  the  exhaust  becomes  quite  a  serious  problem,  as  the  ordi- 
nary muffler  would  become  very  large.  The  expedient  sometimes 

iisi-d  is  to  draw  the  air  through  an  underground  masonry  duct 
of  ample  size  leading  in  from  the  outside  of  the  building,  and  to 
discharge  through  a  similar  duct  into  a  chamber  from  which  the 

gases  finally  escape.  A  spray  of  water  into  the  exhaust  pipe  of 
such  engines,  close  to  the  exhaust  valve,  helps  materially. 

I  iirun-s  115  :n  and  13  :V2  *  show  two  types  of  muffler  some- 
times used.  In  the  first  the  stream  of  gas  is  merely  divided,  in 

the  second  each  division  is  furnished  with  an  enlargement  de- 

*  Mathot,  Engineering  Magazine,  July,  1907. 
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FIG.  13-31. 

signed  to  decrease  the  gas  velocity  still  further.  Fig.  13-33 
shows  the  Powell  muffler.  The  partial  section  shows  how  the 

gas  is  broken  up  into  many  fine  streams  by 
passing  it  through  perforated  plates.  In  the 

so-called  ejector  muffler,  Figs.  13-34  and 
13-35,  made  by  the  Motor  &  Mfg.  Works 
of  Geneva,  N.  Y.,  a  part  of  the  gas  passes 
straight  out  through  a  central  pipe.  The  rest 
is  made  to  pass  a  series  of  perforated  cones 
as  shown.  It  is  claimed  that  the  central 

pipe  acts  as  an  ejector  serving  to  draw  the 
gas  through  the  cones,  thus  eliminating  back 
pressure  and  even  creating  a  vacuum  ahead 
of  the  muffler. 

Starting  Apparatus.  —  The  best  way  of 
starting  small  engines,  up  to  say  10  to  12 

horse-power,  is  to  turn  the  fly-wheel  over 
by  hand  either  in  the  direction  of  normal  rotation  until  the 

engine  picks  up,  or,  after  a  charge  has  been  drawn  in,  by  turn- 
ing it  in  the  opposite  direction  -, 

against  the  compression  and  then 
snapping  the  spark  by  hand.  In 
starting  an  engine  in  this  way, 
it  is  essential  to  make  sure  first 

that  the  time  of  sparking  is 
rather  late,  otherwise  the  engine 

may  "buck,"  which  may  pos- 
sibly lead  to  an  accident  to  the 

person  starting  it. 
As  the  size  of  the  engine 

increases,  however,  the  manual 
labor  involved  in  the  above 

scheme  soon  becomes  too  great 

and  other  means  had  to  be  devel- 

oped. These  may  be  grouped 
under  several  heads.  It  should 

be  noted  that  none  of  these  are  quite  able  to  start  an  engine 
under  load. 

(a)  Starting  crank. 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2038



GAS  ENGINE  AUXILIARIES 
429 

(6)  Starting  by  smaller  engine  or  other  source  of  power. 
(c)  Starting  by  mixture. 
(d)  Starting  by  compressed  air. 
(e)  Electrical  starters. 
Of  the  methods  above  mentioned,  (a)  is  nearly  universally 

used  for  engines  up  to  15  to  20  horse-power;  beyond  this,  starting 
by  compressed  air,  method  (d),  is  generally  employed. 

FIG.  13-33.  —  Powell  Muffler. 

FIG.  13-34.  —  Ejector  Muffler. 

FIG.  13-35.  —  Ejector  Muffler. 

(a)  Most  starting  cranks  are  so  arranged  that,  when  turned 
in  the  direction  of  rotation  of  the  engine,  they  grip  the  shaft.  As 
soon  as  the  first  explosions  accelerate  the  shaft  so  that  it  turns 
faster  than  the  crank  is  being  turned,  the  latter  is  released.  This 

scheme  -does  not  prevent  the  crank  from  "kicking"  back  into  the 

starter's  hand  if  the  spark  should  happen  to  be  early,  and  many 
accidents  have  resulted  therefrom.  A  crank  which  avoids  this 

drawback  is  shown  in  Fig.  13-36.  The  following  description  of 
this  device  is  from  the  Horseless  Aye.  March  7,  1906: 
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"A  bushing  A,  having  a  thread  of  exceedingly  high  pitch  cut 
on  its  interior  surface,  contains  a  threaded  sleeve  B  which  serves 
as  bearing  for  the  shaft  of  the  starting  crank  C.  Rigidly  secured 
to  the  shaft  of  the  crank  C  are  a  ratchet  wheel  D  and  a  ratchet 

cam  E,  the  latter  adapted  to  engage  with  the  ratchet  Er  on  the 
motor  shaft.  In  an  extension  of  the  sleeve  B  are  a  set  of  spring 

press  pawls  F  which  are 
adapted  to  engage  with 
the  ratchet  wheel  D. 

"The  device  is  mounted 
at  such  a  distance  from 
the  end  of  the  crank  shaft 
that  the  ratchet  cams  E 

and  E'  cannot  engage  un- 
less the  sleeve  B  is  screwed 

to  the  limit  of  its  motion 

into  the  bushing  A  by 
means  of  the  hand  wheel 

G.  In  starting  the  motor, 
the  device  being  in  the 

position  shown  in  the  as- 
sembly view,  the  action  is 

the  same  as  that  of  an 

ordinary  starting  crank. 
When  the  motor  runs  up 

to  speed,  owing  to  the 
pressure  between  the  cam 
surfaces  of  ratchet  cams 

E  and  E',  the  starting 
spindle  is  forced  back  into 

the  sleeve  B,  and  the  ratchet  cams  E  and  E'  are  thereby  dis- 
engaged. However,  if  the  motor  should  kick  back,  the  pawls 

F  would  engage  into  the  notches  in  the  ratchet  wheel  D,  and  the 

sleeve  B  would  be  rotated  and  draw  the  ratchet  cams  E  and  E' 
out  of  mesh.  The  pitch  of  the  thread  on  the  sleeve  B  is  so 
steep  that  a  very  slight  rotation  of  the  sleeve  in  the  bushing 
will  carry  it  back  far  enough  to  pull  the  starting  spindle  out 
of  engagement  with  the  crank  shaft.  The  pawl  and  ratchet 
mechanism  is  completely  enclosed  by  a  lateral  extension  on 

PHE   HORSELESS  AGE 

FIG.  13-36.  —  Starting  Crank. 
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the  bushing  A  and  an  end  plate  bolted  to  the  extension  of  the 

sleeve  B." 
(6)  If  the  plant  has  other  engines  in  operation  or  if  there  is  a 

shaft  in  operation  it  is  quite  easy  to  transmit  the  motion  to  the 
engine  to  be  started.  Some  large  engine  installations  were 
equipped  with  smaller  engines  the  shaft  of  which  carried  a  pinion 

which  meshed  with  a  ring  of  teeth  on  the  fly-wheel  of  the  large 
machine.  When  the  large  engine  picked  up  its  cycle,  the  small 
engine  was  automatically  put  out  of  mesh  with  the  wheel.  The 
cost  of  fitting  a  large  engine  for  starting  in  this  matter,  however, 
is  considerable.  Hence  this  method  has  been  largely  replaced 
by  the  use  of  compressed  air. 

(c)  Starting  by  means  of  the  fuel  mixture  is  done  in  various 
ways.  The  scheme  appears  to  be  reliable  in  the  case  of  engines 

using  illuminating  gas;  for  other  gases  it  never  was  in  any  ex- 
tended use  and  in  fact  is  to-day  nearly  obsolete.  Besides  the  fact 

that  if  the  first  charge  should  fail  there  was  generally  not  enough 
left  for  a  second  trial,  the  storing  of  an  explosive  mixture  is 
obviously  attended  with  some  danger. 

In  nearly  all  cases  of  starting  by  the  fuel  mixture,  the  engine 
crank  is  put  a  few  degrees  above  center,  i.e.,  well  in  the  beginning 

of  the  expansion  stroke.  One  method  is  to  charge  the  com- 
pression space  with  air  at  atmosphere  pressure,  and  then  to  open 

the  gas  cock.  The  mixture  formed  is  allowed  to  escape  through 
a  special  check  valve  and  is  ignited  by  a  Bunsen  burner  just  at 
the  orifice.  When  the  issuing  flame  burns  reddish,  showing  that 
the  mixture  is  rich,  the  gas  valve  leading  into  the  cylinder  is 
suddenly  closed  off.  The  flame  at  the  orifice  of  the  check  valve 
strikes  back  into  the  combustion  chamber  and  explodes  the 
mixture  remaining.  The  pressure  generated  closes  the  check 
valve  and  drives  the  piston  forward.  This  is  the  original  method 
of  Clerk  and  of  Green. 

The  pressure  generated  behind  the  piston  in  the  above  manner 

is  not  very  high,  and  the  velocity  attained  therefore  correspond- 
ingly low.  The  next  step  in  the  development  was  then  to  com- 
press the  charge  before  ignition.  The  Clerk  pressure  starter  and 

the  Clerk-Lanchester  high-pressure  starter  are  of  this  type.  Fig. 
13-37*  shows  the  latter  gear.  The  method  of  operation  is  as 

*  Clerk,  Tho  Gas  and  Oil  Engine. 
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follows:  As  the  engine  is  slowing  down  for  a  stop  with  the  main 
gas  valve  closed  off,  valve  W  is  opened.  This  draws  fresh  air 

into  the  chamber  D  and  the  pipe  Df  through  the  valve  Y.  When 
next  the  engine  is  to  be  started,  the  gas  cock  F  is  opened.  Gas 

flows  into  D  and  D'  and  forms  a  combustible  mixture.  Through 
a  cock  on  the  cylinder,  or  a  slightly  open  exhaust  valve,  a  part 
of  the  mixture  is  allowed  to  fill  the  combustion  chamber  through 
the  valve  W,  while  another  part  escapes  through  a  check  valve  Y 
and  is  ignited  by  the  Bunsen  burner  X.  As  soon  as  the  mixture 
is  right,  F  is  closed  off,  the  flow  stops,  and  the  flame  strikes  in 
through  Y  into  D.  The  pressure  generated  closes  Y.  The  flame 

FIG.  13-37.  —  Clerk-Lanchester  Starter. 

and  pressure  wave  travels  around  into  D',  compressing  the  still 
unburned  charge  ahead  of  it  and  finally  ignites  the  charge  so 
compressed  in  the  combustion  chamber  A.  The  starting  pressure 
so  obtained  is  about  twice  that  obtained  by  the  method  first 
described. 

Besides  these  flame  starters,  of  which  there  are  a  number  of 
modifications,  other  methods  are  in  use.  Thus  in  some  engines 
a  mixture  is  pumped  under  more  or  less  pressure  by  hand  into  the 
combustion  chamber,  and  ignited  either  by  snapping  the  spark, 
or,  as  it  is  done  by  one  manufacturer,  by  suddenly  lighting  an 
ordinary  parlor  match,  the  head  of  which  is  allowed  to  slightly 
project  into  the  mixture.  The  device  for  doing  this  is  quite 
simple  but  the  method  is  not  much  used. 

Another  scheme  is  to  charge  a  pressure  tank  with  the  combus- 
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tible  mixture.  This  is  generally  done  by  means  of  a  special  valve 
which,  when  the  engine  is  in  operation,  opens  somewhere  along 
the  compression  stroke  of  the  engine,  and  allows  it  to  compress 
some  of  its  charge  into  the  tank.  The  starting  is  then  done  either 
by  merely  filling  the  combustion  chamber  under  low  pressure 
from  the  tank  and  igniting  the  mixture  by  suitable  means,  or  by 

opening  the  tank  valve  wide,  utilizing  the  pressure  of  the  com- 
pressed mixture  to  start  the  engine,  igniting  the  charge  on  the 

next  compression  stroke  in  the  regular  way.  This  scheme  has 
the  advantage  that  if  the  first  trial  fails  there  is  generally  enough 

in  the  tank  for  several  more  attempts,  but  the  storing  of  any  con- 
siderable quantity  of  mixture  under  pressure  is  not  to  be  recom- 

mended on  account  of  danger  of  explosions  in  the  tank. 

Finally,  at  least  one  large  German  engine  has  been  started  by 
means  of  the  mixture  by  first  placing  the  crank  in  the  proper 

position,  and  then  blocking  the  fly-wheel  by  a  plug  of  suitable 
material.  A  small  gas  engine  is  then  started  by  hand  and  allowed 
to  fill  the  combustion  chamber  of  the  larger  engine  under  pressure 

in  the  same  way  as  the  tank  was  charged  in  the  previous  method. 
When  the  desired  pressure  is  reached,  the  mixture  is  fired  by  hand 
manipulation  of  the  spark,  the  impulse  of  the  explosion  breaks 
the  plug  holding  the  wheel  and  the  engine  picks  up  the  cycle  in 
the  regular  way. 

(rf)  To-day  the  starting  of  internal  combustion  engines  of  any 
size  is  generally  done  by  compressed  air.  The  latter  may  be 
obtained  in  various  ways.  In  some  of  the  smaller  engines,  when 
the  engine  is  to  be  shut  down,  the  fuel  valve  is  closed  and  the 
engine  as  it  slows  down  is  allowed  to  compress  the  air  drawn  in 

into  the  tank.  Some  other  installations  have  a  hand-operated 
air  compressor  for  charging  the  tank,  or  the  compressor  may  be 

belt-driven  from  the  engine  for  a  few  minutes.  It  is  hardly  neces- 
sary to  say  that  all  tank  and  pipe  connections  must  be  absolutely 

air  tight,  because  the  failure  of  the  air  pressure  in  a  plant  of  some 

size  would  cause  serious  delay.  For  engines  of  the  largest  ca- 
pacity, it  is  usual  to  employ  air  compressors  completely  indepen- 

dent of  the  engine,  thus  obviating  any  failure  due  to  tank  leakage. 
The  method  of  starting  by  compressed  air  is  to  set  the  engine 

beyond  the  center  and  then  to  give  an  impulse  through  the  start- 
ing valve.  In  some  engines  this  valve  is  hand  operated,  in 
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others  it  is  operated  by  the  valve  gear.  Again  in  some,  especially 

single-cylinder,  engines  the  valve-actuating  gear  is  not  changed 
at  all,  except  perhaps  to  relieve  the  compression  somewhat,  while 

in  some  multi-cylinder  engines  the  gear  on  one  cylinder  is  changed 
to  make  this  cylinder  act  on  the  two-cycle  principle,  i.e.,  so  that 
it  can  take  an  air  impulse  every  turn,  until  the  other  cylinders 
have  started  regular  operation.  In  any  case  it  is  best  to  retard 
the  spark  somewhat  for  starting. 

The  starting  pressures  employed  vary  from  100  to  150  pounds, 

FIG.  13-38.  —  Air-starting  Apparatus. 

depending  upon  how  the  air  is  compressed.  In  general  one  or, 
at  the  most,  two  impulses  are  sufficient  to  start  a  machine. 

The  following  description  of  Fig.  13-38,  given  by  F.  E.  Junge 
in  Power,  April,  1906,  shows  the  method  of  starting  a  large  engine 

by  compressed  air: 

"In  this  diagram  A  is  the  valve  controlling  the  flow  of  air 
from  a  separately  driven  air  compressor  to  the  tank  and  B  a 
similar  valve  in  the  pipe  connecting  the  tank  to  the  engine.  Both 
valves  are  mounted  on  one  pillar,  which  also  has  screwed  on  top 
of  it  a  gage  indicating  continuously  the  pressure  in  the  tank. 
Regulation  of  the  supply  of  compressed  air  to  the  engine  cylinder 

is  effected  by  means  of  an  automatic  spring-loaded  inlet  poppet 
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valve,  the  stem  and  disc  of  which  may  be  released  or  held  fast 
by  screwing  down  or  unscrewing  the  hand  wheel  C  at  the  engine 
end  of  the  air  pipe.  A  plug  valve  D  is  inserted  in  the  air  pipe 
immediately  ahead  of  the  inlet  valve.  Before  starting  the  engine, 

the  fly-wheel  is  turned  into  such  a  position  that  the  crank  is  about 
30  degrees  above  the  inner  dead  center.  The  starting  gear  is 
adjusted  so  as  to  open  both  the  inlet  and  the  exhaust  valves  at 
the  proper  moments,  the  action  being  such  as  to  allow  part  of  the 
compressed  air  to  escape  during  a  fraction  of  the  return  travel  of 
the  piston  and  thereby  reduce  the  compression  to  about  28  pounds 
per  square  inch  for  rich  gases,  and  about  50  pounds  per  square 
inch  for  poor  gases.  In  the  meantime,  the  electric  ignition  device 
has  been  automatically  adjusted  so  as  to  retard  ignition  for  the 
first  few  strokes.  The  main  fuel  or  gas  valves  must,  of  course, 
also  be  set  so  as  to  produce  the  most  favorable  mixture  for  starting 
conditions. 

"  To  start  the  engine,  the  air  stop  valve  B  is  opened,  the  auto- 
matic inlet  valve  released  by  screwing  down  the  hand  wheel  C 

to  the  full  extent,  and  compressed  air  is  then  admitted  by  turning 
the  handle  D  90  degrees.  The  piston  will  then  begin  to  travel 
slowly  on  its  outward  stroke,  and  just  before  it  reaches  the  outer 

dead  center  the  handle  D  must  be' returned  to  its  original  position, 
shutting  off  the  air  supply.  The  first  impulse  given  to  the  fly- 

wheel by  compressed  air  will  usually  be  sufficient  to  produce 

several  revolutions  at  a  speed  of  about  one-fifth  of  the  normal, 
when  no  load  is  on.  During  the  following  (suction)  stroke  a 
mixture  of  gas  and  air  in  the  correct  proportions  is  taken  in,  and 
on  the  next  stroke  compressed  and  ignited.  If  the  right  mixture 
does  not  happen  to  be  obtained  and  ignition  fails  to  occur,  another 
compressed  air  impulse  is  given,  which  will  always  produce  the 
desired  result.  After  the  first  power  stroke  has  been  obtained 
the  air  supply  valve  B  is  closed  and  the  automatic  inlet  valve  held 
fast  by  unscrewing  the  hand  wheel  C  until  its  hub  bears  against  a 
collar  on  the  valve  stem,  whereby  the  valve  disc  is  firmly  pressed 

on  its  seat.  Then  the  starting  gear  is  pushed  back  into  the  run- 
ning position,  so  as  to  allow  the  mechanism  to  open  the  valves 

at  the  regular  intervals  only.  The  point  of  ignition  is  thereby 
automatically  advanced  and  may  now  be  adjusted  by  hand  or 
by  the  governor  of  the  engine  so  as  to  suit  the  changed  conditions. 
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When  the  main  gas  admission  valve  is  set  in  the  correct  running 
position,  all  operations  for  starting  have  been  duly  executed. 
It  may  be  added  that  it  takes  less  time  to  perform  the  complete 

cycle  of  operations  than  it  takes  to  describe  it." 
(e)  In  central  stations,  or  in  other  locations  where  electric 

current  is  available,  starting  by  electricity  is  the  simplest  and  most 
satisfactory  method.  There 
are  again  several  ways  in 
which  this  may  be  done. 

If  the  engine  drives  a 

dynamo,  it  is  possible  to 
drive  this  dynamo  as  a 
motor  from  another  source 

of  current,  until  the  fly- 
wheel has  attained  suffi- 

cient velocity.  The  layout 

for  doing  this  is  not  at  all 
simple,  however,  and  must 
be  carefully  handled.  A 
storage  battery  charged 

during  the  previous  oper- 
ation, may  be  used  as  a 

source  of  current  if  no  in- 

dependent source  of  cur- 
rent is  available. 

FIG.  13-39.  —  Motor  Starter.  •  A  simpler  way  is  to  gear 
an  electric  motor  to  a  rack 

on  the  fly-wheel  as  shown  in  Fig.  13-39.*  When  the  engine  picks 
up  the  motor  is  automatically  thrown  out  of  gear.  This  scheme 
has  the  merit  of  great  simplicity,  absolutely  no  change  in  the 
valve  operation  of  the  engine  being  required  for  starting. 

One  method  of  automatically  disengaging  the  motor  is  de- 
scribed in  the  Zeitschrift  d.  V.  d.  I.,  January  5,  1900.  A  general 

view  of  the  Felten  and  Guilleaume  electric  starter  for  large  en- 
gines is  shown  in  Fig.  13-40,  while  Fig.  13-41  shows  the  diagram 

of  connections  and  the  method  of  operation  for  smaller  sizes. 
The  motor  e  by  means  of  a  chain  drive  operates  the  pulley  s2. 
Rigidly  fastened  to  this  pulley  is  the  gear  z2.  This  gear  in  turn 

*  F.  E.  Junge,  Power,  April,  1906. 
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FIG.    l.'i— U).  —  Felten   &  Guilleauinc   Electric  Starter. 

drives  a  gear  z3  which  is  pivoted  on  a  swinging  lever  hl  as  shown. 
The  arc  z  represents  the  pitch  circle  of  the  annular  gear  inside  of 

the  fly-wheel.  Arrows  indicate  the 
direction  of  operation  for  each  gear. 
One  end  of  the  lever  Aj  is  connected 
by  means  of  a  strong  helical  spring  / 
to  the  toothed  segment  m.  Meshed 
with  this  segment  is  the  gear  zl 
which  is  turned  in  one  direction  or 

the  other  by  the  lever  hy,  which  is 
the  operating  handle  of  the  motor 
starting  box  a.  In  the  diagram, 
lever  h2  has  been  pulled  to  the  right 
as  far  as  it  will  go.  This  action  has 
started  the  motor  e,  and,  by  shoving 
the  segment  m  to  the  left,  has  put 
the  spring  under  considerable  tension. 
This  pulls  the  lower  end  of  hl  to  the 
right  and  causes  z3  to  mesh  with 

the  fly-wheel  z.  The  gear  z3,  being 
positively  driven  from  z2,  starts 

the  fly-wheel  revolving.  The  entire 
l,,,  i;<  11.  mechanism  is  held  in  the  position 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2047



438  INTERNAL  COMBUSTION  ENGINES 

shown  by  a  latch  k  at  the  end  of 'the  segment  m.  If  now  the 
engine  picks  up  its  cycle,  and  the  wheel  z  attains  a  greater 
velocity  than  it  can  receive  from  z3,  the  lever  Aj  by  the  action 

of  the  fly-wheel  will  be  pushed  toward  the  left,  putting  the 
spring  /  under  higher  tension.  This  motion  proceeds  until  the 
upper  end  of  ht  comes  in  contact  with  and  unlatches  k,  when, 
under  the  influence  of  the  spring,  the  segment  m  is  pulled  to 
the  right  very  suddenly  and  the  motor  is  shut  off.  At  the  same 

time  the  action  of  the  fly-wheel  upon  z3  throws  this  out  of  mesh 
with  z.  The  entire  labor  connected  with  this  starter  therefore 

consists  of  the  attendants  turning  the  handle  h2  of  the  starting 
box  to  the  right  to  start  the  motor.  Beyond  this  no  further 
attention  is  required,  the  action  being  entirely  automatic. 
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REGULATION   OF   GAS   ENGINES 

IN  gas  as  in  steam  engines  there  are  two  kinds  of  speed  vari- 
ation.  The  first  of  these  is  directly  due  to  the  impulse  of  the 
explosion,  and  it  manifests  itself  in  a  variation  of  the  velocity  of 
the  crank  pin  during  one  engine  cycle.  To  confine  this  speed 
variation  to  within  the  allowable  limits  set  by  the  particular 
service  to  which  the  engine  is  to  be  put  is  the  function  of  the 

fly-wheel.  Fly-wheel  computations  are  beyond  the  scope  of  this 
work,  but  it  will  be  of  interest  to  point  out  briefly  the  relation 
bet  ween  the  various  types  and  combinations  of  engines  as  regards 

the  fly-wheel  weight  required  for  any  given  service.  This  weight 
depends  not  only  upon  the  closeness  of  regulation  desired,  but 
largely  also  upon  t  he  variation  of  the  crank  effort  during  one  cycle 
or  revolution,  and  this  in  turn  depends  upon  the  cycle  employed 
and  the  cylinder  combination. 

The  most  complete  exposition  of  this  subject  relating  to  gas 

engines  is  given  by  Giildner,*  and  from  the  data  given  by  him  the 
following  table  (see  page  440)  is  adapted. 

In  deriving  these  figures  it  is  assumed  that  the  same  coeffi- 

cient of  fly-wheel  regulation,  designated  by  Sw,  is  maintained  in 
all  cases.  This  coefficient 

o          V  m«x  —  V  min 

where  V  is  the  mean  velocity  of  the  crank  pin. 
The  second  kind  of  speed  variation  above  mentioned  Is  the 

change  in  the  numlxT  of  revolutions  of  an  engine  in  any  given 
time  due  to  a  change  of  load.  This  variation  is  taken  care 

of  by  the  governor.  Just  as  a  limit  is  set  to  the  speed 
variation  during  one  cycle,  so  an  allowable  limit  is  set  to  the  vari- 

*  Kntwerfen  mid  Herechnen  <ler  VerbrenmingH-motoren,  2d  eel. 
439 
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TABLE  OF  RELATIVE  FLY-WHEEL  WEIGHTS  FOR  THE  SAME  COEFFICIENT  OF 

REGULATION;  FOR  VARIOUS  TYPES  OF  ENGINES  AND  CYLINDER  COMBI- 
NATIONS.   WEIGHT  OF  THE  FLY-WHEEL  OF  A  SINGLE-ACTING, 

SINGLE-CYLINDER,  4-CYCLE  ENGINE  is  TAKEN  =  1.00. 

Type  of  Engine  and  Cyl- inder Combination 

Crank  Travel 

Between  Ex- 
plosions, 
Degrees 

Relative  Fly-Wheel  Weight  for 

Equal  Cyl.  Di- ameter, Stroke, 
and  Revolution 

Equal  Maximum 
Horse-power 

4-Cycle 2-Cycle 4-Cycle 2-Cycle 4-Cycle 2-Cycle 

I  .  Single-A  cting,   Sin- 
gle Cylinder    720 

540  & 
180 

360 

540  & 
180 

360 

540  & 
180 

240    • 

180 

360 

180 

360 

180 

360 

180 

120 

1.000 

1.230 

.796 

1  .290 

.792 

1.290 

.678 

.335 

.802 

.424 

1.595 

.335 

1  .602 

.335 

.237 

1.000 

.615 

.398 

.645 

.396 

.645 

.226 

.084 

.401 

.106 

.399 

.084 

.401 

.0.84 

.0395 

II.  Double-  Acting,  Sin- 
gle Cylinder    

III.2-Cylinder  Tandem 
Single  -Acting,     1 
Crank    

IV  .  2-Cy  Under  opposed  , 
Single-Acting,       ] 
Crank    

V.2  Cylinders  in  Par- 
allel, Single-Acting 

2  Cranks  together 
VI.  2  Cylinders  in  Par- 

allel,    Single-Act- 
ing, 2  Cranks,  180° 

apart    
VII.  3  Cylinders  in  Par- 

allel,   Single-Act- 
ing, 3  Cranks,  120° 

apart    
VIII.  4  Cylinders  in  Par- 

allel,   Single-Act- 
ing, 4  Cranks,  Nos. 

1    &    3    together, 
Nos.  2&4  togeth- 

er, and  180°  from Nos.  1  &  3       

ation  that  may  occur  in  the  number  of  revolutions  from  ful.1  load 
to  no  load,  and  the  governor  must  be  designed  and  set  accord- 

ingly The  allowable  variation,  the  so-called  coefficient  of  gov- 

ernor regulation,  may  be  expressed  by  Sr  =  —  — .  where  n 

is    the    mean    number    of   revolutions   (  = 

n 

:  +  WE 
A What 
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REGULATION   OF   GAS   ENGINES  441 

the  values  of  Sw  or  8r  may  be  depends  altogether  upon  the  kind 
of  service,  and  the  value  of  8r  at  least  is,  or  should  be,  clearly 
stated  in  all  engine  specifications.  The  value  of  8W,  that  is,  the 

variation  in  the  angular  velocity  of  the  engine,  can  be  made  any- 
thing, depending  upon  the  weight  of  the  wheel  put  in.  It  usu- 

ally varies  from  &w  =  £s,foT  ordinary  commerical  service, to  8W=^5 
say,  for  the  most  exacting  service  required  for  the  operation  of 

alternating-current  generators  in  parallel.  The  value  of  the  co- 
efficient of  governor  regulation  8,  usually  varies  between  ^  and 

3>y,  i.e.,  the  speed  variation  is  from  2  to  4  per  cent. 
The  theory  of  centrifugal  governor  design  as  applied  to  gas 

engines  governing  by  throttling  or  cut-off  cannot  be  taken  up 
here,  except  merely  to  state  that  it  is  best,  especially  in  the  case 
of  the  power  gases,  to  have  the  governor  act  upon  the  mechanism 
that  positively  operates  the  admission  gear  rather  than  upon  the 

admission  gear  direct.  In  this  way  the  governor  does  not  in  gen- 
eral have  to  be  so  powerful  and  above  all  it  is  unaffected  by  any 

dogging  of  the  admission  gear  or  valves  due  to  tar  and  other  in- 
crustations. It  should  further  be  noted  that  any  governor  of 

this  type  that  is  too  sensitive  may  react  with  the  speed  variation 
within  one  revolution  and  will  thus  be  hunting  constantly.  Dash 
pots  only  forcibly  overcome  these  conditions,  and  it  is  better  to 
design  these  governors  with  plenty  of  adjustment  regarding  their 
sensitiveness. 

The  design  of  hit-and-miss  governors  (see  below)  is  in  general 
very  simple.  In  contradistinction  to  the  type  of  governors  above 
mentioned,  they  can  hardly  be  made  too  sensitive  or  astatic 
for  the  quicker  they  act,  the  better. 

In  the  following  we  take  up,  first,  Systems  of  Governing,  and, 
second,  Mechanical  Details  of  Governors. 

i.  Systems  of  Governing.  —  At  the  outset  an  essential 
difference  between  steam  and  gas  engines  in  the  matter  of  gov- 

erning should  be  noted.  The  working  fluid  in  the  steam  engine  is 
a  comparatively  stable  medium,  and,  as  long  as  the  pressure 
remains  constant,  one  position  of  the  governor  mechanism 
always  corresponds  to  the  same  load,  cycle  after  cycle  recurring 

with  the  same  development  of  power.  This  is  absolutely  essen- 
tial for  close  governing,  and  in  this  respect  the  steam  engine 

has  some  advantage  over  the  gas  engine.  The  conditions  in 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2051



442  INTERNAL  COMBUSTION  ENGINES 

the  latter  are  very  different.  The  working  fluid  is  prepared 
by  the  engine  itself,  air  and  fuel  being  mixed  at  the  engine  to 
produce  the  medium.  Various  expedients  to  this  end,  more  or 
less  successful ,  are  in  use,  but  outside  of  this,  due  to  accidents  of 
design  or  other  reasons,  stratification  of  the  charge  more  or  less 

complete,  and  variation  in  ignition,  may  result  in  unequal  veloc- 
ity of  pressure  propagation  through  the  mass  of  the  charge  giving  a 

bundle  of  different  diagrams  for  the  same  heat  value  of  the  charge. 

Thus  it  may  result  that  the  same  position  of  the  governing  mech- 
anism may  not,  and  often  does  not,  indicate  the  same  power 

developed,  and  speed  fluctuations  are  the  inevitable  result.  For- 
tunately the  mixing  and  ignition  apparatus  of  our  modern  en- 

gines can  be  made  perfect  enough  in  their  action  to  confine  these 
fluctuations  to  within  allowable  limits. 

All  gas  engine  governors  come  under  the  following  systems 

as  far  as  their  effect  upon  the  diagram  is  concerned.  Mechan- 

ically they  may  be  of  various  designs,  as  inertia,  fly-ball,  etc., 
as  shown  later: 

I.    The  Hit-and-Miss  System. 
II.  Variation  of  the  Ratio  of  Fuel  to  Air  with  Change  in 

Load;  Quality  Governing. 
III.  Variation  of  the  Quantity  of  the  Charge  to  suit  the  Load. 

Ratio  Fuel  to  Air  remaining  constant;  Quantity  Governing. 
IV.  Combination  Systems. 

V.  Governing  by  Varying  Time  of  Ignition. 

I.    The  Hit-and-Miss  System 

This  system  effects  speed  regulation  by  cutting  out  explosions 
altogether,  depending  on  the  load.  Thus,  for  instance,  if  the 
engine  is  running  at  full  load,  the  explosions  or  cycles  will  follow 
each  other  in  regular  order  until  the  speed  has  increased  enough 

above  the  mean  to  cause  the  governor  to  act,  preventing  the  draw- 

ing in  of  the  next  charge,  thus  causing  a  "miss."  This  in  turn 
causes  the  speed  to  fall  sufficiently  below  the  mean  to  make  the 
governor  act  the  opposite  way,  causing  the  explosions  to  recur. 
At  any  other  load  less  than  the  full  load  the  governor  action  is 
the  same,  except  that  as  we  go  down  in  the  scale  the  proportiqn 

of  "misses"  to  "hits"  constantly  increases.  This  system  may 
be  operated  in  any  of  the  following  ways: 
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(a)  By  keeping  the  fuel  valve  closed,  so  that  the  engine  draws 
only  air  for  the  miss  cycle. 

(6)  By  keeping  the  inlet  valve  closed,  thus  preventing  the 
admission  of  both  fuel  and  air. 

(c)  By  keeping  the  exhaust  valve  open.  In  this  case  the 
admission  valve  Is  usually  automatic,  and  its  opening  is  prevented 
by  the  fact  that  on  the  next  stroke  no  vacuum  is  formed,  the 
exhaust  gases  being  sucked  back  into  the  cylinder. 

Theoretically  this  system  of  regulation  is  the  simplest,  and, 
from  the  standpoint  of  fuel  consumption,  the  most  economical; 
practically,  however,  it  is  beset  with  certain  difficulties.  In 

theory  the  cycles  are  all  gone  through  under  exactly  the  same 
conditions,  and  hence  ratio  of  fuel  to  air,  pressure  of  compras- 
sion  and  point  of  ignition  can  all  be  adjusted  once  for  all  to  suit 

the  requirements  of  best  thermal  efficiency.  The  thermal  effi- 
ciency of  the  cylinder  should  therefore  be  the  same  at  all  loads. 

In  practice  there  is  some  deviation  from  this  ideal  condition, 
even  assuming  perfect  governor  action,  but  the  variation  depends 
somewhat  upon  the  manner  of  governing.  Thus  in  engines  in 
which  only  the  fuel  valve  is  kept  closed  to  produce  the  miss  cycles, 
it  will  generally  be  found  that  the  card  directly  following  a  miss 

period  is  larger  than  those  following  it,  at  least  for  loads  approach- 
ing full  load.  This  Is  due  to  the  fact  that  during  the  miss  period 

the  cylinder  has  been  thoroughly  scavenged  by  air,  causing  the 
next  charge  to  be  purer  and  somewhat  larger  in  quantity  than 
the  average.  Under  very  low  loads  the  effect  is  apt  to  be  the 
opposite,  that  Ls,  owing  to  a  prolonged  period  of  miss  strokes  the 
cylinder  has  cooled  so  far  as  to  make  the  first  cycles  following 
somewhat  slow  burning  until  the  cylinder  heats  up  again. 

It  Ls  evident  that  these  variations  must  have  their  effect  upon 
cylinder  efficiency,  but.  the  effect  is  perhaps  greater  with  liquid 
fuel  engines  than  with  gas  engines  proper,  because  a  cool  cylinder  is 
likely  to  condense  some  of  the  fuel  vapor,  thus  causing  a  direct  loss. 

In  engines  that  govern  by  keeping  the  exhaust  valve  open, 
drawing  the  exhaust  gases  back  into  the  cylinder,  the  effects  above 
outlined  may  be  less  marked,  but  the  method  cannot  on  that 
account  be  recommended  as  letter  than  the  other,  because  the 
inevitable  mixing  of  the  exhaust  gases  with  the  incoming  charge 
has  its  own  harmful  effects. 
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In  spite  of  these  facts,  however,  the  hit-and-miss  system  of 
governing,  no  matter  how  carried  out,  usually  shows  a  somewhat 
greater  economy  of  fuel  in  practice  than  the  other  systems. 

We  next  turn  to  the  efficiency  of  this  system  as  a  speed  regu- 
lator. It  is  evident  that  the  closeness  of  regulation  in  case  cen- 

trifugal governors  are  employed  depends-  altogether  upon  the 
sensitiveness  of  the  governor,  that  is,  upon  the  facility  with  which 
it  changes  from  one  position  to  the  other;  although  it  is  possible 
here  also  to  have  a  governor  too  sensitive,  resulting  in  needless 

hunting.  But  whatever  the  type  of  hit-and-miss  governor,  the 
regulation  will  be  closest  if  at  the  higher  loads  a  constant  series 
of  explosions  is  followed  by  a  single  miss  cycle,  or  if  at  the  lower 
loads  a  single  explosion  is  followed  by  a  constant  series  of  misses. 

Thus  |  load  should  be  represented  by  the  series  Ill-Ill,  etc.,  and 
\  load  by  1  -  -  1  -  -,  etc.  Any  disturbance  of  the  gover- 

nor, accidental  or  otherwise,  as  through  want  of  care,  increased 
friction,  wear,  etc.,  will  alter  this  ideal  condition  so  that  a  f  load, 

for  instance,  may  be  represented  by  the  series  111  -  11  -  111  -  11, 
etc.  But  such  variation  at  once  unfavorably  affects  the  regula- 

tion.* These  accidental  conditions  are  not  under  the  control  of 
the  designer,  and  not  always  under  the  control  of  the  operator, 

and  the  net  result  is  that  hit-and-miss  regulation,  though  econom- 
ical, is  somewhat  unreliable  and  certainly  not  as  close  as  that  ob- 

tained by  some  of  the  other  methods,  unless  a  very  heavy 

fly-wheel  is  employed. 
Hit-and-miss  governing  is  therefore  little  employed  where 

close  regulation  is  essential,  as  for  electric  current  generation. 
For  ordinary  commercial  power  operation,  where  the  regulation 
need  not  be  closer  than  say  3  to  5  per  cent.,  the  system  is  quite 
satisfactory,  although  it  is  being  slowly  replaced  even  in  this  field. 
It  should  be  remembered  in  this  connection  that,  if  the  engine  is 

belt-connected  to  the  power  consumer,  the  flexible  connection  will 
tend  to  equalize  the  speed  variations  to  a  certain  extent. 

II.     Governing  by  Varying  the  Ratio  of  Fuel  to  Air:  Quality 
Governing 

In  this  system  the  governor  is  usually  made  to  act  upon  the 
fuel  admission  valve,  so  that  as  the  load  on  the  engine  decreases 

*  See  Mollier,  Zeitschrift  d.  V.  d.  Ingenieure,  1903,  p.  1704. 
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the  engine  receives  less  and  less  fuel  in  the  same  total  charge 
volume.  This  of  course  decreases  the  area  of  the  indicator  card 

developed  to  suit  the  load.  Instead  of  acting  upon  the  fuel  valve, 
this  method  of  governing  has  also  been  carried  out  by  sucking 
back  a  certain  amount  of  the  exhaust  gases,  thus  also  decreasing 
the  heat  content  of  the  charge.  Another  way  is  to  regulate  the 
air  admission  valve,  making  the  fuel  valve  automatic.  All  things 
considered,  however,  the  first  mentioned  method  is  the  best. 

Considered  from  a  thermal  standpoint  this  system  has  the 
advantage  that,  since  the  total  charge  volume  remains  practically 
the  same  for  all  loads,  the  compression  pressure  remains  constant 
throughout.  The  cards  obtained  will  therefore  be  somewhat  as 

FIG.  14-1. 

shown  in  Fig.  14-1,  in  which  the  full  line  represents  the  full  load 
diagram.  It  therefore  should  follow  on  theoretical  grounds  that 
the  thermal  efficiency  of  the  cylinder  should  be  about  the  same 
for  all  loads.  In  practice,  however,  it  has  been  clearly  shown 
that  this  system  is  inferior  at  low  loads  to  the  next  one  to  be  de- 

scribed. In  fact,  the  fuel  consumption  per  horse-power  usually 
i,K  rea>es  very  rapidly  as  the  load  drops.  The  reason  is  that,  as 

the  fuel-ratio  is  decreased,  the  mixture  rapidly  becomes  difficult 
to  ignite  and,  above  all,  slow  burning.  This  necessarily  increases 
the  heat  loss  to  the  jackets  and  the  ignition  difficulty  may  go  as 
far  as  to  prevent  ignition  altogether,  causing  a  direct  loss  of  fuel. 

In  most  cases  after-burning  is  clearly  recognizable  by  the  slow 
dropping  of  the  expansion  line.  Designers  have  tried  to  over- 
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come  this  difficulty  by  placing  the  time  of  ignition  also  under 
control,  making  it  earlier  as  the  load  decreases.  The  scheme, 
however,  does  not  appear  to  have  been  very  successful. 

As  a  method  of  governing,  this  system  is  capable  of  giving 

close  regulation  with  the  proper  weight  of  fly-wheel.  The  very 
fact,  however,  that  the  compression  pressure  does  not  drop  in 
proportion  to  the  maximum  pressure  introduces  a  disturbing 
factor  into  the  crank  effort  diagram  which  would  tend  to  make 
the  regulation  under  this  system  less  close  at  low  loads  than  under 

System  III. 

III.     Governing  by  Varying  the  Quantity  of  Charge  of  Constant 

Composition  to  suit  the  Load:  Quantity  Governing 

Governing  by  changing  the  quantity  of  charge  to  suit  the  load 
may  be  carried  out  in  three  ways: 

(a)  The  engine  draws  a  charge  full  stroke  each  time,  but  a 
part  of  the  charge,  depending  upon  the  load,  is  forced  back  into 

the  suction  passages,  the  inlet  valve  being  under  governor  con- 
trol. 

(6)  The  incoming  charge  is  completely  cut  off  by  the  gover- 
nor at  the  proper  time,  the  charge  expanding  behind  the  piston 

for  the  rest  of  the  stroke.  This  is  known  as  the  cut-off  method. 

(c)  The  charge  is  throttled  down  throughout  the  entire  suc- 
tion stroke,  the  governor  determining  the  position  of  the  inlet 

valves.  This  is  called  the  throttling  method. 

FIG.  14-2. 

Figs.  14-2  and  14-3  show  the  differences  in  the  diagrams  ob- 
tained under  conditions  (6)  and  (c)  outlined  above. 
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Quantity  governing  in  general  is,  on  thermal  grounds,  open  to 
the  objection  that  the  compression  pressure  decreases  with  the 
load,  and  hence  the  cylinder  efficiency  constantly  decreases.  On 
the  other  hand,  the  mixtures  remain  readily  ignitable  down  to  the 
friction  load,  with  the  result  that  quantity  governing  is  on  the 
whole  more  economical  than  quality  governing.  The  fact,  too, 

that  the  compression  pressure  decreases  with  the  maximum  pres- 
sure has  a  favorable  influence  upon  the  crank-effort  diagram,  ad- 

mitting of  close  regulation. 
As  between  methods  (6)  and  (c),  the  former  is  slightly  better 

because  less  work  is  lost  in  the  lower  loop.  Everything  consid- 
ered, where  close  regulation  is  essential,  the  cut-off  method  of 

quantity  governing  is  the  best, 

FIG.  14-3. 

Regarding  the  economy  of  the  cut-off  method  as  compared 
with  the  hit-and-miss  method  of  governing,  E.  Meyer*  finds  that 
down  to  about  i  load  the  two  systems  are  about  on  a  par.  Below 

this  load  the  efficiency  of  the  cut-off  as  compared  with  the  hit- 

and-miss'  method  rapidly  falls  off. 

IV.     Combination  Systems 

It  has  been  attempted  to  perfect  quantity  regulation  by  chang- 
ing the  compression  space  so  as  to  keep  the  compression  pressure 

t  he  same  at  all  loads.  Thermally  this  is  a  step  in  the  right  direc- 
tion, but  no  successful  machine  operating  upon  this  system  has 

yet  appeared. 
Another  combination  system  is  that  of  Letombe,  which  is  in 

successful  use.  Letombe  regulates  by  lengthening  the  time  of 

*  Zeitschrift  d.  V.  d.  Ingenieure,  April  25,  1903. 
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opening  of  the  inlet  valve  but  decreasing  the  lift  of  the  gas  valve 
as  the  load  decreases.  As  far  as  the  fuel  is  concerned,  this  is 

quantity  regulation,  but  the  longer  time  of  opening  of  the  inlet 
valve  increases  the  total  charge  volume,  which  means  that  the 
leaner  mixtures  will  be  more  highly  compressed  than  those  for 
higher  loads.  This  is  thermaHy  correct.  Another  point  is  that 

the  richer  mixtures  at  the  higher  loads,  although  less  highly  com- 
pressed, are  less  in  total  volume  than  the  leaner  mixtures.  Hence 

as  the  load  increases  the  ratio  of  expansion  increases  as  compared 

20  \at 

FIG  14-4. 

to  the  ratio  of  compression,  which  tends  to  draw  down  the  ter- 
minal pressure  at  the  end  of  expansion  and  decreases  the  exhaust 

loss.  The  resulting  diagrams  are  shown  in  Fig.  14-4,  given  by 
Giildner.  The  compression  line  a-b  belongs  to  the  full  load  card, 
line  c-d  to  the  minimum  load  card.  The  latter  card  shows  suc- 

tion full  stroke  and  a  compression  pressure  of  about  190  pounds, 
the  former  shows  a  suction  volume  equivalent  to  about  55  per 

cent  stroke  and  a  compression  pressure  of  about  115  pounds. 
In  spite  of  the  thermally  excellent  features,  which  gives  good 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2058



REGULATION   Of   GAS   ENGINES  449 

regulation,  the  economy  regarding  fuel  is  no  greater  than  that 

obtained  by   a  purely  cut-off  system. 
Other  combination  systems  that  have  been  employed  are 

quantity  regulation  at  high  loads  combined  with  quality  regula- 
tion at  low  loads  or  vice  versa.  This  is  done  in  some  German 

engines.  To  compensate  for  the  slow  burning  of  the  leaner  mix- 
tures the  spark  is  advanced.  Lastly,  engines  that  govern  either 

by  quantity  or  quality  regulation  at  the  higher  loads  have  been 

governed  by  the  hit-and-miss  method  at  very  low  loads.  This  is 
done  in  the  American-Crossley  engines  and  also  by  Letombe  in 
the  system  above  described. 

V.    Governing  by  Varying  the  Time  of  Ignition 

Strictly  speaking,  the  time  of  ignition  should  be  adjusted  to 

suit  the  kind  of  charge.  That  means,  for  instance,  that  in  qual- 
ity regulation  the  spark  should  be  advanced  with  a  decrease  of 

load/  It  has  already  been  mentioned  that  this  has  been  tried 
both  by  governor  control  or  by  hand  regulation.  The  former  is 
rather  difficult  because  proper  ignition  is  subject  to  so  many 
accidental  variations,  but  hand  control  is  quite  practicable  and 

all  stationary  engines  should  therefore  be  furnished  with  adjus- 
table spark  gear. 

Automobile  engines  are  generally  governed  by  hand  regula- 
tion of  the  throttle  in  combination  with  the  spark. 

Governing  of  Two-Cycle.  Engines 

Small  two-cycle  engines  are  usually  governed  by  throttling 
either  the  fuel  or  the  charge.  In  the  first  case  this  results  in  what 

is  practically  quality  regulation,  in  the  second  in  quantity  regu- 
lation Liquid  fuel  engines  of  this  type  nearly  always  govern 

by  adjusting  the  stroke  of  the  pump  to  suit  the  load,  resulting  in 

quality  regulation.  In  the  larger  machines,  which  are  nearly  al- 
ways served  by  separate  pumps,  it  is  absolutely  essential  that 

the  cylinder  be  thoroughly  scavenged.  Hence  it  is  usual  to  first 
admit  air  alone  directly  from  the  pump  or  an  intermediate 
receiver,  and  a  little  later  the  fuel  or  the  mixture  as  the  case 

may  be,  the  point  of  admission  of  the  latter  being  under  gov- 
ernor control.  The  governor  may  act  either  on  the  inlet  valve 

or  directly  on  the  puinp.  It  should  be  noted  that  if  reservoirs 
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are  used  between  pump  and  engine,  there  is  likely  to  be  a  lag  of 
several  strokes  between  the  action  of  the  governor  and  its  effect 
on  the  engine.  For  more  detailed  information  on  the  governing 

of  large  two-cycle  engines,  see  the  descriptions  at  the  end  of  this 
chapter. 

2.  Mechanical  Details  of  Governors.  —  For  hit-and-miss 

governing,  inertia  governors  of  the  so-called  pendulum  type  are 
extensively  used.  Besides  this,  centrifugal  governors  of  the  fly- 

ball  type  also  find  application.  For  the  "precision"  systems 
of  regulation,  i.e.,  quantity  and  quality  regulation,  centrifugal 

governors  of  the  fly-ball  type  are  mostly  used;  shaft  governors 
either  of  the  centrifugal  or  inertia  type  are,  however,  lately  finding 

application. 
(a)   PENDULUM  OR  INERTIA  GOVERNORS 

FOR     HlT-AND-MlSS     REGULATION.     -    -    The 

simplest  form  of  this  governor  is  shown  in 

Fig.  14-5,  The  rod  a-b  carries  the  ball  w*eight 
c,  and  receives  an  up-and-down  motion 
usually  from  the  lay  shaft  as  shown  by 

.  the  arrows.  As  the  rod  moves  down,  the 

weight  strikes  the  projection  d,  and  the 

'  pendulum  is  thrown  to  the  right  as  shown 
by  the  dotted  position.  If  the  speed  is  right, 
the  pendulum  will  have  gone  back  to  its 
normal  position  by  the  time  the  point  6 
reaches  the  end  of  the  valve  stem  e,  and 

the  gas  or  inlet  valve  will  be  opened.  If 

the  speed  is  above  the  normal,  a-b  will  not 
be  back  in  its  normal  position,  and  b  will 

miss  the  valve  stem  c,  causing  a  miss- 
stroke. 

A  modification  of  this,  the  bell-crank  pendulum,  is  shown  in 

Fig.  14-6.  The  action  of  this  governor  is  clear  from  the  previous 
description. 

The  disadvantage  of  these  two  forms  may  be  said  to  be  that 

they  are  thrown  a  considerable  distance  out  of  their  normal  posi- 
tion. This  is  overcome  in  what  may  be  called  spring-loaded 

pendulum  governors,  the  fundamental  type  of  which  is  shown  in 

Fig.  14-7.  As  the  bell  crank  a  b  c  moves  downward,  the  inertia 

FIG.  14-5. 
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of the weight, c, throws the governor into the dotted position. 

If by the time the stem of the valve, e, is reached, the spring has 
failed to pull the governor back into its normal position, the valve 

will not be opened, causing a miss-stroke. 
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Fia. 14-8. 

Fig. 14-8 shows the simplest kind of inertia governor for a 

horizontal valve stem. This may be used with or without the 

spring. Its action is sufficiently plain. 

There are many modifications of these fundamental types.* 

* See Giildner, Entwerfen & Berechnen der Verbrennungsmotoren, p. 354.
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of  the  weight,  c,  throws  the  governor  into  the  dotted  position. 
If  by  the  time  the  stem  of  the  valve,  e,  is  reached,  the  spring  has 
failed  to  pull  the  governor  back  into  its  normal  position,  the  valve 

will  not  be  opened,  causing  a  miss-stroke. 

FIG.  14-6. 

Fia.  14-8. 

Fig.  14-8  shows  the  simplest  kind  of  inertia  governor  for  a 
horizontal  valve  stem.  This  may  be  used  with  or  without  the 
spring.  Its  action  is  sufficiently  plain. 

There  are  many  modifications  of  these  fundamental  types.* 

*  See  GUldner,  Entwerfen  &  Berechnen  der  Verbrennungsmotoren,  p.  354. 
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These  will  readily  suggest  themselves  to  suit  any  particular  case. 
The  following  are  some  examples  from  actual  practice. 

Fig.  14-9  shows  a  modification  of  the  vertical  pick  blade  gov- 
ernor that  has  been  used  on  Crossley  engines.*     The  lever,  a,  is 

FIG.  14-9. 

actuated  by  the  cam,  and  as  long  as  the  speed  is  normal  the  spiral 
spring  on  one  arm  of  the  bell  crank  is  strong  enough  to  make  the 

FIG.  14-10. 

weight,  6,  attain  its  normal  position  in  the  time  available.  The 

blade,  c,  then  opens  the  gas  valve.  If  the  speed  rises  above  nor- 
mal, the  inertia  of  the  weight,  b,  throws  it  down  so  far  that  it  can- 

not reach  its  normal  position  in  time  and  c  misses  the  valve  stem. 

*  Guldner,  Entwerfen  &  Berechnen  der  Verbrennungsmotoren. 
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The  governor  on  the  Springfield  engine,  Fig.  14-10,  i.s  quite 
similar  to  the  above,  except  that  the  blade  acts  horizontally.* 
In  this  case  the  bell  crank  is  carried  by  the  slide,  A,  which  is  ac- 

tuated from  S.  For  normal  speed  the  blade,  P,  is  horizontal,  and 
in  this  position  hits  the  stem  of  the  gas  valve.  For  excessive 

FIG.  14-11. 

s|*-e<l.  the  spiral  spring  -fails  to  bring  the  weight   W  back  into 
normal  position  in  time  and  P  misses  the  gas  valve. 

An  Knglish  design  of  hit-and-miss  governor  not  quite  so  simple 
is  shown  in  Fig.  14-1  l.f     Here  the  inlet  valve  stem,  1,  carries  the 

FIG.  14-12. 

bracket.  '2.  To  this  is  pivoted  a  blade.  4,  at  3.  For  normal  sj>eed 
of  the  engine,  the  spring,  5,  gently  presses  the  inclined  surface,  6, 
against  the  stationary  roller.  7.  Ju  this  position  the  blade,  4, 
will  hit  the  lever,  s.  thus  owning  the  gas  valve,  !).  Should  the 

*  Power  quarterly.  Oct.  15,  1900. 
f  Clerk,  Gas  and  Oil  Kngincs. 
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speed,  however,  rise  above  normal,  the  upward  throw  given  to 
the  blade  due  to  the  inclined  surface,  6,  sliding  against  the  roller, 

7,  becomes  excessive,  and  blade  4  fails  to  assume  its  normal  posi- 
tion by  the  time  the  lever  8  is  reached.  The  gas  valve  then  fails 

to  open. 

An  ingenious  modification  of  the  above  types  of  hit-and-miss 
governors  used  by  Delamare*  is  shown  in  Fig.  14-12.     The  stem 

of  the  inlet  slide  valve 

carries  a  small  cylinder, 

a,  into  which  is  fitted  a 

stationary  piston,  6,  air- 
tight. The  needle  valve, 

c,  serves  to  adjust  the 
velocity  of  air  escape 
from  behind  the  piston, 
6.  With  the  cylinder,  a, 

in  the  extreme  right-hand 
position,  air  is  admitted 
behind  b  through  the 

groove,  d.  As  a  travels 
to  the  left  at  the  proper 

speed,  the  air  is  com- 
pressed, but  it  escapes 

through  the  needle  valve, 

c,  just  fast  enough  to 

prevent  its  pushing  out- 
ward the  plunger,  /,  in 

the  branch  cylinder,  e, 

against  the  spring.  In 
FIG.  14-13.  this  position  the  blade,  g, 

hits  the  gas  valve  stem,  h.  For  an  excess  in  engine  speed,  cyl- 
inder a  travels  to  the  left  so  fast  that  the  air  cannot  escape  at 

the  proper  rate,  the  pressure  generated  forces  the  plunger,  /,  out- 
ward, and  g  misses  the  valve  stem  as  shown  in  the  dotted  position. 

(6)  CENTRIFUGAL  GOVERNORS  FOR  HIT-AND-MISS  REGULA- 
TION. —  A  hit-and-miss  governor  of  this  type  is  used  in  the 

French  engine  shown  in  Fig.  14-13. f  The  centrifugal  governor 

*  Schottler,  Die  Gasmaschine. 
t  Power  Quarterly,  Oct.  15,  1900. 
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in the fly-wheel, when the speed becomes too high, actuates the 
latehing arrangement i-k and throws the oil pump serving to 

charge the vaporizer temporarily out of action. 

  

    
Fig. 14-15. 

The Robey governor,* Fig.14-14, is of the fly-ball type; normally 

the roller, a, under the control of the governor travels on the cam, 

b, thus opening the gas valve at the proper time. Under excessive 

* Schéttler, Die Gasmaschine.
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in  the  fly-wheel,  when  the  speed  becomes  too  high,  actuates  the 
latching  arrangement  i-k  and  throws  the  oil  pump  serving  to 
charge  the  vaporizer  temporarily  out  of  action. 

Fio.  14-14. 

Fio.  14-15. 

The  Robey governor,*  Fig.  14-14,  is  of  the  fly-ball  type;  normally 
the  roller,  <i,  under  the  control  of  the  governor  travels  on  the  cam, 
/>,  t  hus  opening  the  gas  valve  at  the  proper  time.    Under  excessive 

*  SchOttler,  Die  Gaamaschine. 
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speed,  however,  the  roller  is  shoved  to  the  left  on  its  spindle  by 
the  governor  linkage,  and  misses  the  cam. 

The  Campbell  oil  engine  has  a  fly-ball  governor  which  operates 
to  keep  the  exhaust  valve  open  when  the  speed  exceeds  the  nor- 

mal, Figs.  14-15  and  14-16.*  The  rising  of  the.  governor  weights, 
Fig.  14-16,  depresses  the  end,  0,  of  the  lever,  N,  thus  interposing 
the  plate,  P,  Fig.  14-15,  between  the  end  of  the  exhaust  lever,  M, 
and  the  stationary  bracket,  Q.  This  prevents  the  exhaust  valve 
from  closing  until  the  dropping  of  the  speed  causes  the  governor 

FIG.  14-16. 

to  withdraw  the  plate,  P,  when. the  exhaust  valve  is  again  regu- 
larly opened  by  the  sliding  piece,  K. 

A  shaft  governor  acting  to  hold  the  exhaust  valve  open  is 

used  on  the  Perkins  engine,  Fig.  14-17. f  The  exhaust  valve  is 
operated  by  the  lever  R,  which  in  turn  is  actuated  by  the  block 

A,  striking  the  end  block,  B,  of  the  rod,  G.  As  the  speed  ex- 
ceeds the  normal,  the  governor  weights  move  toward  the  circum- 

ference of  the  wheel,  and,  through  suitable  linkage,  throw  the 
latch,  P,  into  a  recess  in  the  side  of  the  block,  B.  This  prevents 
the  rod,  C,  from  returning,  and  keeps  the  exhaust  valve  open. 

*  Clerk,  the  Oil  and  Gas  Engine. 
t  Power  Quarterly,  Oct.  15,  1900. 
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(c)  QUALITY  REGULATION. — The  quality  method  of  regulation, 
as  carried  out  for  gas  fuel,  is  best  exemplified  in  the  Niirnberg  en- 

gine. This  engine  has  separate  gas  and  inlet  valves.  At  all 

FIG.  14-17. 

loads  the  inlet  valve  opens  and  closes  at  the  same  time,  thus  ad- 
mitting a  constant  charge  of  volume.  But  the  gas  valve,  under 

governor  control,  opens  later  as  the  load  drops,  and  closes  about- 
the  same  time  as  the  main  inlet  valve.  Thus  the  composition  or 

FIG.  14-18. 

quality  of  the  mixture  changes  with  every  load.  A  certain  dis- 
advantage of  this  method  of  proportioning  the  charge  is  that  the 

mixture  is  not  only  affected  by  the  relative  time  of  opening  of 
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the  gas  and  inlet  valves,  but  also  by  the  relative  velocities  of  the 
gas  and  air  currents.  Thus  at  low  loads,  when  the  gas  valve  opens, 
the  gas  column  has  to  start  from  rest,  while  the  air  column 

already  has  its  maximum  velocity.  The  time  needed  for  the  accel- 
eration of  the  gas  column  is  practically  constant,  hence  this  factor 

affects  the  mixture  differently  for  every  load.  Another  point 
is  that  unless  the  gas  valve  closes  quickly  there  is  apt  to  be  so 
much  throttling  of  gas  as  to  make  the  mixture  drawn  in  at  the 
end  for  low  loads  incombustible.  This  is  especially  bad  since 
this  mixture  is  apt  to  be  located  around  the  igniter. 

The  governor  used  on  the  X  urn  berg  engine  is  of  the  ordinary 

fly-ball  type.  The  trip  gear  for  the  gas  valve  is  shown  in  Fig. 
14-18.*  The  governor  determines  the  position  of  the  bell-crank 

FIG.  14-19. 

lever  t-g,  and  through  this  the  position  of  the  wiper  cam  lever  </. 
The  eccentric  rod,  6.  through  the  latch  6t.  lifts  the  gas  valve  by 
depressing  the  valve  lever,  a.  The  position  of  d  determines  the 
time  of  opening.  The  valve  is  closed  practically  instantaneously 
by  the  coil  spring  shown  in  the  top  of  the  housing  as  soon  as  the 
small  roller,  c.  has  released  the  latch  6r  The  dash  pot,  /.  serves 
to  dampen  the  drop  of  the  valve,  making  it  close  without  shock. 

Many  oil  engines  are  governed  by  what  is  practically  quality 

regulation.  Thus  the  Hornsby-Akroyd  ofl  engine.  Fig.  14-19.t 
takes  a  full  charge  of  air  every  stroke,  but  the  quantity  of  oil  is 

*  Fairer.  Feb.,  1906. 

f  Gfildiier.  Vertaennungsmotoren.  p.  119. 
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changed  to  suit  the  load.  The  quality  of  the  mixture  therefore 
changes  for  every  different  load.  The  proportioning  of  the  oil 
supply  to  the  load  is  accomplished  as  follows.  The  oil  pump 
supplies  a  constant  quantity  of  oil  every  stroke  to  the  vaporizer 

valve,  c.  This  valve,  however,  is  a  two-way  valve,  one  exit  open- 
ing through  an  atomizing  nozzle  into  the  vaporizing  chamber, 

while  the  other  allows  some  of  the  oil  to  flow  back  into  the  oil 

tank.  The  fly-ball  governor,  through  the  linkage  shown,  controls 
the  size  of  this  overflow  opening,  tf,  and  thus  determines  the 
amount  of  oil  which  enters  the  vaporizer  chamber. 

FIG.  14-20. 

The  governing  mechanism  of  a  small  Diesel  oil  engine  is  shown 

in  Fig.  14-20.*  The  pump  plunger,  a,  is  actuated  by  the  lay  shaft, 
A.  The  suction  valve  is  shown  at  c  and  the  automatic  discharge 

valve  at  6.  The  oil  under  pressure  flows  through  b  to  the  atomiz- 
ing nozzle.  The  amount  of  oil  required  for  the  load  on  the  engine 

at  any  given  time  is  measured  by  controlling  the  time  of  closing 
of  the  suction  valve,  c.  forcing  more  or  less  of  the  oil  back  into  the 

*  Guldner.  Verbrennungsmotoren,  p.  379. 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2069



460 INTERNAL  COMBUSTION  ENGINES 

oil  supply  tank.  The  motion  of  valve  c  is  controlled  through 

linkage  not  shown,  by  the  governor  lever  c.  At  g  this  lever  re- 
ceives an  up-and-down  motion  from  the  lay  shaft,  but  the  manner 

in  which  this  motion  is  transmitted  to  the  suction  valve  depends 
upon  the  position  of  the  fulcrum,  /,  which  is  determined  by  the 
governor,  thus  varying  the  time  of  closing  of  the  valve. 

(d)  QUANTITY  REGULATION.  —  Koerting  Bros,  govern  their  four- 
cycle engine  as  follows,  Fig.  14-21*:  Air  enters  through  the  pipe, 

D,  and  gas  through  B.  The  two  are  mixed  in  the  proportion 
suited  to  the  particular  gas  by  the  mixing  valve  A.  This  valvo 

FIG.  14-21. 

when  once  adjusted  therefore  furnishes  a  mixture  of  constant  qual- 
ity. To  suit  the  quantity  of  this  mixture  to  the  load,  the  gover- 

nor controls  the  position  of  the  throttle  valve  e  in  the  passage 
leading  from  the  mixing  valve  to  the  inlet  valve.  This  valve  thus 
throttles  the  charge  during  the  entire  suction  stroke. 

A  very  similar  arrangement  is  used  in  the  Westinghouse  vertical 

engine,  Fig.  14-22.  f  A  is  the  throttle  valve  controlling  the  entrance 
of  the  mixture  to  the  cylinder.  Its  position  depends  upon  the 

*  Schottler,  Die  Gasmaschine. 
f  L.  S.  Marks,  Instruction  Paper  on  Gas  and  Oil  Engines. 
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action  of  the  fly-ball  governor,  B.  Gas  enters  the  interior  of  this 
valve  through  ports  G  and  air  through  ports  D.  The  relative 

proportions  of  these  ports  are  fixed  by  slides  H-H,  so  that  the 
proper  relation  of  air  to  gas  for  the  fuel  used  can  be  established  and 
maintained. 

FIG.  14-22. 

Fig.  14-23  shows  the  arrangements  for  operating  and  control- 
ling the  mixing  valve  in  the  Ehrhardt  and  Sehmer  engine,  which 

is  a  modification  of  the  Deutz  engine.*  It  will  be  readily  seen,  by 
a  study  of  the  figure,  that  the  governor,  through  its  linkage,  con- 

trols the  position  of  the  fulcrum,  about  which  the  valve  lever 
turns.  The  farther  this  fulcrum  moves  to  the  right,  thegreater  will 

be  the  opening  of  the  inlet-valve  and  the  greater,  consequently, 
also,  the  amount  of  mixture,  proportioned  in  passing  the  valve, 
admitted  to  the  cylinder. 

It  will  be  noted  that  all  of  the  above  examples  of  quantity 
governing  throttle  the  mixture  throughout  the  suction  stroke.  It 

was  pointed  out,  in  the  discussion  on  various  systems  of  govern- 
ing, that  the  system  employing  quantity  regulation  with  cut-off 

was  superior  to  that  which  throttles  the  charge  throughout  the 
stroke,  and  it  seems  surprising,  therefore,  that  this  system  is  not 

in  more  extended  use.  There  is  to  the  writer's  knowledge  only 
*  K.  Reinhardt,  Bi-monthly  Bulletin  of  the  Am.  Inst.  of  Mining  Engineers, 

November,  1906,  p.  1092 
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one  engine  in  this  country  employing  the  cut-off  system,  the  Sar- 
gent complete  expansion  engine.  This  engine  employs  a  Rites 

inertia  governor  which  acts  upon  the  lay  shaft  driving  gear  which 
is  loose  on  the  crank  shaft.  As  the  load  increases  or  decreases, 
the  governor  retards  or  advances  this  gear  relative  to  the  crank 
shaft,  thus  affecting  all  of  the  valve  events  depending  upon  the 
lay  shaft  at  the  same  time.  Since  near  the  end  of  the  stroke, 
however,  the  piston  velocity  is  comparatively  small,  a  relatively 

FIG.  14-23. 

large  advance  or  retardation  of  the  gear  will  not  affect  the 
exhaust  events  or  the  beginning  of  the  suction  stroke  very 

much.  But  the  cut-off  occurs  along  the  suction  line  some- 
where near  the  time  wrhen  the  piston  has  its  maximum  velocity, 

and  hence  a  relatively  small  advance  or  retardation  of  the  gear 

is  sufficient  to  change  the  cut-off  materially  and  hence  to 
control  the  speed. 

(e)  COMBINATION  QUANTITY   AND    QUALITY  REGULATION.  - 
The  purpose  of   these   combination  systems   has    already  been 
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pointed  out.  Fig.  14-24  shows  the  method  as  carried  out  by 
Reichenbach.*  The  governor,  through  the  rod,  c,  controls  the 
position  of.  the  bell  crank  lever,  d.  This  lever  has  two 

slotted  arms,  a  and  b.  The  former,  by  rod  and  lever,  reg- 
ulates the  position  of  the  mixing  valve,  while  the  latter, 

by  a  similar  arrangement,  controls  the  position  of  the  throttle 
valve.  Suppose  now  that  the  sliding  blocks  a  and  b  are  in 

the  position  shown  in  the  figure.  Under  these  circum- 
stances, the  movement  of  the  throttle  valve  is  insignificant 

FIG.  14-24. 

because  b  is  so  close  to  the  center.  Hence  in  this  position  the 

engine  is  practically  governed  by  quality  regulation.  If  the  posi- 
tions of  a  and  b  were  reversed,  that  is,  6  at  the  outer  end  of  its  slot 

and  a  at  the  inner  end,  there  would  be  practically  quantity  regu- 
lation. In  actual  operation  the  positions  of  a  and  b  in  their  re- 
spective slots  are  determined  by  trial  and  depend  upon  the  gas 

used.  The  final  adjustment  is  such  that  for  the  upper  ranges  of 

load  the  quality  of  the  mixture  is  changed,  while  for  the  lower 
loads  the  throttle  valve  comes  into  action  while  the  mixture  is 

*  Power,  July,  1906. 
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held  at  practically  constant  composition.  In  addition  to  this, 

Reichenbach  also  puts  the  point  of  ignition  under  governor  con- 
trol, advancing  it  as  the  load  drops. 

Reinhardt's  method  of  governing  does  not  come  strictly  under 
any  of  the  heads  so  far  discussed.  The  inlet  valve  is  shown  in 

Fig.  14-25.*  The  valve  opens  and  closes  with  the  beginning  and 
end  of  the  suction  stroke.  Above  the  valve  there  are  arranged 
a  series  of  ports,  I  for  gas  and  II  and  III  for  air.  The  flow  of  gas 

FIG.  14-25. 

or  air  from  these  ports  into  the  valve  chamber  proper  is  controlled 
by  a  slide  guided  by  the  valve  spindle.  At  the  beginning  of  the 
suction. stroke  the  slide  only  frees  the  ports  from  chamber  III, 

and  hence  only  air  is  admitted.  At  some  point  in  the  stroke,  how- 
ever, as  determined  by  the  governor,  the  slide  is  suddenly  released 

and  forced  down  by  springs.  This  closes  ports  III  and  opens  gas 
ports  I  and  air  ports  II.  Mixture  of  the  proper  proportion  then 

*  Reinhardt,  Bi-monthly  Bulletin,  Am.  Inst.  Mining  Engs.,  Nov.,  1906. 
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enters  the  cylinder  until  the  end  of  the  suction  stroke.  As  far  as 

the  admission  of  a  varying  quantity  of  constant  mixture  is  con- 
cerned, this  system  is  pure  quantity  regulation;  but  since  the 

amount  of  air  drawn  from  III  increases  as  the  load  decreases,  the 

mixture  in  the  cylinder  as  a  whole  grows  leaner  as  the  load  drops. 

It  is  claimed,  however,  that  combustion  is  good  even  under  fric- 
tion load,  because  although  the  amount  of  constant  mixture  drawn 

in  is  small,  more  or  less  stratification  of  the  charge  ensures  the 
presence  of  a  fairly  rich  mixture  around  the  igniter.  The  system 

has  the  advantage  over  pure  quantity  regulation  in  that  the  com- 
pression pressure  remains  practically  unchanged. 

In  general  principle  the  above  method  of  Reinhardt  seems  to 
be  a  modification  of  the  method  of  Mees  patented  in  1901. 

FIG.  14-26. 

Letombe,  recognizing  the  serious  effect  on  thermal  efficiency 
of  the  decrease  in  compression  which  accompanies  pure  quantity 
regulation,  goes  one  step  further  and  so  arranges  the  valves  that 
the  lean  mixtures  under  low  loads  are  more  strongly  compressed 
than  the  rich  mixtures  at  the  higher  loads.  This  is  thermally  an 

important  step  in  the  right  direction.  In  Fig.  14-26,*  a  is  the 
main  inlet  valve  operated  at  a  constant  lift  by  the  cam,  d,  through 
the  lever,  e.  Ahead  of  this  inlet  valve  are  the  air  valve,  b,  and  the 

gas  valve,  c.  Valve  b  is  operated  through  the  lever,  g,  by  the 
cam,  /.  Gas  valve  c  opens  only  when  pushed  up  by  6.  Cam  / 

is  shown  in  greater  detail  at  the  left.  It  has  a  number  of  eleva- 
tions, each  of  which  consists  of  two  steps  of  different  lengths,  as 

shown  at  1,  2,  and  3.  At  full  load  the  roller  on  the  lever,  g,  mounts 

*  Schottler,  Die  Gasmaschme. 
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the  higher  step  of  elevation,  1,  opening  both  6  and  c  wide,  and  the 
mixture,  of  constant  proportion,  enters  the  cylinder  through  a, 
which  has  been  opened  at  the  same  time.  After  awhile  the  roller 
drops  to  the  lower  step  of  elevation,  1,  air  valve,  6,  closes  partly, 
closing  gas  valve,  c,  completely.  Only  air  is  then  drawn  into  the 
cylinder  until  the  roller,  g,  drops  off  the  cam  altogether.  Now 
suppose  that  the  load  drops.  The  governor  then  pulls  over  the 
roller,  g,  until  it  comes  in  line  with  elevation  2  or  3,  as  the  case 

WATER  JACKET- IGNITION 
MECHANISM 

"'STARTING  HANDLE 

FIG.  14-27. 

may  be.  The  time  of  opening  of  the  gas  valve,  c,  is  then  short- 
ened, because  the  higher  step  of  the  elevation  is  shorter;  but  the 

time  of  admission  of  air  alone  to  the  cylinder  is  lengthened,  be- 
cause the  lower  step  of  the  cam  is  longer  than  it  was  before. 

Hence,  although  the  mixture  is  leaner,  the  total  charge  volume  is 
greater  than  at  full  load,  and  the  leaner  mixtures  therefore  receive 
a  higher  compression.  Theoretically,  this  should  give  increased 
thermal  efficiencies  at  low  loads  as  compared  with  other  systems 
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of  regulation.  In  practice,  however,  for  reasons  not  explained, 
there  does  not  seem  to  be  much  difference. 

(/)  GOVERNING  OF  TWO-CYCLE  ENGINES.  —  Fig.  14-27  shows  a 
type  of  two-cycle  engine,  the  Lozier,*  much  used  for  small  motor 
boat  work.  As  in  all  machines  of  this  kind,  the  mixture  is  formed 

and  compressed  in  the  crank-case,  and  flows  from  here  through  a 
communicating  passage  into  the  cylinder,  as  shown  by  the  arrows. 
Speed  is  controlled  simply  by  the  throttle  valve  in  the  passage, 
thus  controlling  the  amount  of  mixture  entering  the  cylinder. 

This  is  a  very  simple  case,  because  the  load  on  the  engine  is  prac- 
tically constant. 

In  the  new  Buckeye  two-cycle  engine,  which,  as  far  as  size  is 
concerned,  is  intermediate  between  the  small  two-cycle  gasoline 
engine  and  the  very  large  two-cycle  blast  furnace  gas  engines  of  the 
Koerting  or  Oechelhauser  type,  the  forward  end  of  the  cylinder  is 
used  as  a  mixture  pump.  Regulation  is  effected  by  means  of  the 

balanced  throttle  valve  60,  Fig.  12-31,  p.  289,  which,  under  the 
control  of  the  fly-ball  governor,  regulates  both  the  suction  to 
the  pump  and  the  delivery  from  the  pump  to  the  combustion 
chamber.  Thus  this  engine  governs  by  varying  the  quantity  of 

the  mixture;  but  since  the  cylinder  is  always  thoroughly  scav- 
enged by  fresh  air,  the  mixture  will  naturally  grow  leaner  as  the 

load  drops,  while  the  compression  pressure  remains  practically 
the  same. 

The  governing  details 'of  the  Oechelhauser  two-cycle  machine 
vary  somewhat,  depending  upon  the  firm  building  them.  Fig. 

14-28  f  shows  the  scheme  adopted  by  Borsig.  It  may  be  remem- 
bered that  in  this  machine  air  and  mixture  enter  the  cylinder 

through  separate  rings  of  ports  in  the  side  of  the  cylinder,  as  soon 
as  the  piston  uncovers  them.  The  air  ports  are  uncovered  first 
to  admit  the  scavenging  air,  the  mixture  ports  a  little  later.  Each 
ring  of  ports  is  surrounded  by  a  receiver  into  which  the  air  and 
gas  pumps  deliver  their  charges  under  some  compression.  It  is 
evident  that,  since  the  time  taken  by  the  piston  to  uncover  and 
cover  the  gas  and  air  ports  is  practically  constant,  the  amount  of 

mixture  that  can  enter  the  cylinder  during  a  given  time  must  de- 
pend upon  the  pressure  in  these  receivers,  and  upon  the  port  area. 

*  Power  Quarterly,  Oct.  15,  1900. 
f  Riedler,  Gross-Gasmaschinen,  p.  67, 
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The  governor,  therefore,  is  made  to  act  upon  the  gas  and  air  pumps 

to  control  the  pressure  in  the  receivers.  Further,  as  the  load  de- 
creases and  approaches  the  friction  load,  the  amount  of  mixture 

entering  becomes  so  small  as  compared  with  the  amount  of  air  in 
the  cylinder  that  ignition  is  likely  to  become  difficult.  For  this 
reason  the  mixture  ports  are  surrounded  by  a  slide  under  governor 

control,  as  shown  at  A,  Fig.  14-28,  which  is  operated  in  such  a 
way  that  as  the  load  decreases  the  ports  opposite  the  igniter  are 

FIG.  14-28. 

gradually  closed  first,  thus  insuring  a  comparatively  rich  mixture 
around  the  igniter  at  all  times. 

The  method  of  governing  the  Koerting  two-cycle  engine  also 
differs  somewhat,  depending  upon  the  manufacturing  firm.  In 
all  designs  there  are  a  gas  and  an  air  pump,  of  which  the  air  pump 
delivers  its  charge  into  the  cylinder  from  the  commencement  of 
its  discharging  stroke  in  order  to  scavenge  out  the  cylinder.  The 
gas  pump  runs  idle  for  a  part  of  its  discharge  stroke,  generally 

forcing  the  gas  back  into  the  suction  main,  until,  at  a  point  de- 

termined by  the  governor,  the  overflow'  valve  closes,  and  the  gas 
pump  delivers  the  rest  of  its  charge  into  the  cylinder  through  a 

valve  on  top.  Fig.  14-29  *  shows  the  pump  construction  used  by 

*  F.  E.  Junge  in  Power,  November,  1906. 
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the Gutehoffungshiitte. Both the gas and air pumps are con- 
trolled by piston valves operated by rocker arms and eccentrics. 

Situated below the piston valve of the gas pump there are two 

  

  

    

  

    
    

Fia. 14-30. 

auxiliary piston valves, h and 7, which are under the control of 

the governor. Depending on the load on the engine, the gover- 

nor, through linkage shown in Fig. 14-30, and of which lever k, 

Fig. 14-29, is a part, rotates these auxiliary valves about their 

axis, thus controlling the time when the gas pump commences to 
deliver its charge to the power cylinder. 
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the  Gutehoffungshutte.  Both  the  gas  and  air  pumps  are  con- 
trolled by  piston  valves  operated  by  rocker  arms  and  eccentrics. 

Situated  below  the  piston  valve  of  the  gas  pump  there  are  two 

FIG.  14-30. 

auxiliary  piston  valves,  h  and  i,  which  are  under  the  control  of 

the  governor.  Depending  on  the  load  on  the  engine,  the  gover- 

nor, through  linkage  shown  in  Fig.  14-30,  and  of  which  lever  k, 
Fig.  14-29,  is  a  part,  rotates  these  auxiliary  valves  about  their 
axis,  thus  controlling  the  time  when  the  gas  pump  commences  to 
deliver  its  charge  to  the  power  cylinder. 
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CHAPTER   XV 

THE    ESTIMATION   OF   POWER    OF   GAS    ENGINES 

IT  is  intended  in  this  chapter  to  point  out  the  various  methods 
in  use  by  which  the  power  that  a  given  engine  may  be  expected 
to  develop  can  be  computed,  or,  what  amounts  to  the  same 
thing,  to  determine  the  cylinder  dimensions  for  any  given  power. 

In  steam  engine  practice  this  is  a  comparatively  simple  matter. 
It  is  necessary  merely  to  lay  down  an  ideal  indicator  card  along 

well-defined  lines,  and  then,  by  the  use  of  card  factors  closely 
fixed  by  long  practical  experience,  to  determine  the  probable 
mean  effective  pressure  in  the  cylinder  or  cylinders. 

Although  this  method  is  by  some  writers  advocated  also  for 
the  gas  engine,  the  determination  of  the  card  factor  for  gas  engines 
is  based  upon  so  many  component  factors,  which  in  turn  depend 
altogether  upon  the  judgment  of  the  designer,  that  the  result  is 
anything  but  certain.  The  difficulties  attaching  to  this  method 
are  pointed  out  in  greater  detail  below. 

Before  describing  the  various  methods  of  computing  cylinder 
dimensions  it  is  well  to  examine  briefly  into  the  allowable  piston 
speed.  The  theoretical  limit  of  piston  speed  of  course  depends 
directly  upon  the  time  of  explosion,  and  this  in  turn  depends 
upon  the  kind  of  mixture  and  to  a  certain  extent  upon  the 
method  of  ignition.  As  far  as  modern  practice  goes  the  upper 

limit  to-day  seams  to  be  at  about  800  feet  psr  minute.  A  certain 
formula,  empirical  as  far  as  the  writer  is  aware,  makes  the  piston 

speed  depend  upon  the  horse-power  of  the  engine,  stating  that 

piston  speed  =  (660  +  6  VB.  H.  P.  )  ft-  per  min.          (1) 

in  which  B.  H.  P.n  is  the  normal  brake  horse-power. 
A  similar  empirical  formula  for  the  revolutions  per  minute 

12flfl 13  r-p-m-  - 65 + 
471 
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For  stationary  and  especially  low-compression  engines  the  values 
of  equations  (1)  and  (2)  should  not  be  exceeded.  For  automobile 

and  other  high-speed  work  the  revolutions  may  be  increased  up 
to  1.35  times  the  value  computed  from  equation  (2). 

I.  The  First  Method  of  Horse-power  Computation  is  more  or 
less  empirical  in  that  it  depends  either  upon  the  outright  assump- 

tion of  the  mean  effective  pressure,  or  upon  the  computation  of 

this  factor  from  empirical  or  semi-empirical  formulae.  Thus 
Grover  bases  the  determination  of  the  M.  E.  P.  upon  the  com- 

pression pressure,  making 

M.  E.  P.  =  2  C  -  .01  C2  (3) 

where  C  =  the  pressure  of  compression  in  pounds  above  atmos- 
phere. This  formula  is  derived  from  an  examination  of  a  large 

number  of  indicator  diagrams,  but  leaves  out  of  consideration 
the  kind  of  fuel  or  the  quality  of  the  mixture.  Further,  the 
formula  gives  the  maximum  result  when  the  compression  pressure 
is  100  pounds  by  gage.  Beyond  this  the  M.  E.  P.  drops.  The 
results  are  therefore  at  best  approximate  and  in  some  cases  absurd. 

S.  A.  Moss,  in  an  article  entitled  "Rational  Methods  of  Gas 

Engine  Powering,"  in  Power,  July,  1906,  goes  further  than 
Grover  and,  in  fixing  upon  the  probable  M.  E.  P.,  takes  into  ac- 

count the  size  of  engine  as  well  as  the  kind  of  fuel.  The  cooling 
loss  is  relatively  less  in  large  than  in  small  engines,  hence  the 
M.  E.  P.  may  be  expected  to  increase  somewhat  with  the  size  of 
the  engine  everything  else  remaining  the  same.  The  kind  of 
fuel  has  an  influence  upon  the  power  developed  in  any  given 

cylinder  due  to  the  fact  that  the  best  air-fuel  ratios,  i.e.,  mix- 
tures, of  the  different  fuels  have  a  different  heat  content  per 

cubic  foot.  Some  of  the  mixtures  are  poorer,  some  richer  than 
the  average,  as  computed  in  Chapter  X.  Presupposing  equal 
completeness  of  combustion,  the  richer  mixtures  yield  the  higher 
mean  pressures,  and  hence  the  greater  power.  The  following 
table  shows  the  probable  M.  E.  P.,  as  computed  by  Moss.  Only 

four-cycle  engines  are  considered  and  the  fuel  is  assumed  to  be 
average  natural  gas  or  illuminating  gas  (average  heat  content 
87  B.  T.  U.  per  cu.  ft.  of  mixture). 
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TABLE   I.  —  VALUES   OF   MEAN   EFFECTIVE   PRESSURE   FOR   GAS   ENGINES 

s£  • 

815 
MEAN  EFFECTIVE  PRESSURES,  LBS.  PER  SQ.  INCH. 

4> 2-5 £& c      o 0(5 Approximate  Brake  Horse-Power  of  Engine 

fd 
JB         G 

(§ 

5  or 
less 

10 25 50 100 
200 

500 

50 
40 60 65 70 75 

60 35 65 70 
75 

80 
70 30 70 

75 
80 85 85 90 95 

80 
28 

70 
75 85 90 90 95 100 

90 26 90 95 95 100 
105 

100 24 95 
95 

100 100 
110 

110 22 95 95 100 100 
110 

120 20 100 
100 

110 

If  some  other  kind  of  fuel  than  the  two  above  specified  is 
used,  the  M.  E.  P.  of  Table  I  should  be  multiplied  by  the  proper 
factor  from  Table  II  following: 

TABLE  II.  —  RATIOS  OF  HEAT  OF  COMBUSTION  PER  CUBIC  FOOT  OF  PERFECT 
MIXTURE,  TO  VALUE  FOR  AVERAGE  NATURAL  GAS  OR  MANUFACTURED 
ILLUMINATING  GAS  (87). 

Oil  Gas      1.00 
Water  Gas  (uncarburetcd)        1.00 
Coke  Oven  Gas   93 
Air  Gas  (Siemens  Producer  Gas)   79 
Carbureted  Water  Gas       1.05 
Anthracite  Producer  Gas     80 
Bituminous  Producer  Gas   ,   87 
Blast  Furnace  Gas   67 
Acetylene  Gas      1.28 
Gasoline  (liquid,  vapor,  or  vaporized  and  mixed  with  air)       1.12 
Kerosene  (vaporized  alone  or  mixed  with  air),  and  entering  cylinder  .90 

at  about  150°  F   90 

That  the  maximum  compression  pressure  allowable  differs 
for  every  fuel  has  already  been  pointed  out  in  Chapter  IV,  where 
a  table  giving  the  compression  pressures  ordinarily  employed 
will  be  found. 

Having  thus  determined  the  probable  M.  E.  P.,  the  indicated 

horse-power  developed  at  normal  load  by  any  given  engine  may 
then  be  computed  from  the  formula 

(M.E.P.)  Ian 3300Q I.H.P.M  = 

(4) 
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where      I  =  stroke  in  ft. 

a  =  piston  area  in  square  inch. 

and         n  =  no.  of  explosions  per  minute  =  about   -*      :  in   a fi 

four-cycle  machine  at  full  load. 
It  will  generally  be  found  that  at  full  load  the  number  of 

r  o  m 

explosions  in  a  hit-and-miss  engine  is  not  quite  equal  to  - 2. 

or  that  in  a  machine  governed  by  any  of  the  precision  methods 

the  card  given  at  full  load  is  not  quite  the  maximum  card  obtain- 
able. This  is  done  in  both  cases  to  give  the  engine  some  over- 

load capacity,  say  from  10  to  20  per  cent.  .  Assuming  an  average 
overload  capacity  of  say  15  per  cent,  we  then  have  the 

J.H.P..  _  i*  (5) 

where      I.  H.  P.n    =  normal  or  full  load  I.  H.  P.,  and 
I.  H.  P.m  =  maximum  I.  H.  P.  obtainable. 

Now  at  full  load  the  mechanical  efficiency  of  an  average  engine 

may  be  assumed  to  be  80  per  cent,  so  that  the  normal  "brake 
horse-power  will  be 

B.  H.  P.n  =  .8  I.  H.  P.w  =  ̂   LH.P.m  =  .695  I.  H.  P.m      (6) 

or       I.  H.  P.m  =  1.44  B.  H.  P.n  (7) 

In  the  case  of  an  engine  to  be  constructed,  B.  H.  P.n  is  usually 

specified,  hence  I.  H.  P.n  can  be  found  from  equation  (6).  Sub- 
stituting this  in  equation  (4)  leaves  as  the  unknown  factors  in 

this  equation  the  factors  I,  a,  and  n.  The  latter  depends  upon 
the  revolutions,  which  may  also  be  specified  or  determined  from 

equation  (2).  This  leaves  only  /  and  a  to  be  determined. 
It  is  next  necessary  to  find  some  relation  between  cylinder 

diameter  and  stroke.  An  examination  of  existing  engines  shows 

that  practice  in  this  regard  is  pretty  well  settled.  High-speed 

engines  show  a  ratio  of  -p  —       -  =  1.1  to  1.3.    In  medium  speed diameter 
engines    the    ratio    varies    from    about    1.2    to    1.6,    and    large 
machines  vary  between  1.5  and  2.0. 
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To  determine  the  cylinder  dimensions,  let  d  be  the  diameter 
of  the  cylinder  in  feet  and  let 

I  =  x  d  (8) 

Then  equation  (4)  may  be  rewritten  for  maximum  power, 

(M.  E.P.)  X  xd  X  .785  d2  X  144  X  n I.H.P.OT  = 66(JU(J 

(M    T7!   P  \rfP (9) 
300 

From  this  the  cylinder  diameter  is 

EXAMPLES.  —  1.   To  show  the  method  of  using  these  equa- 
tions, suppose  it  is  desired  to  determine  the  required  cylinder 

dimensions  for  a  100  B.  H.  P.,  four-cycle  throttling  engine,  using 
anthracite  producer  gas. 
From  equation  (2),  the  number  of  revolutions  should  be  about 

1200 

r--m-  -  65  +       -  185 

From  the  table  of  Chapter  IV,  a  compression  pressure  of  120 
pounds  by  gage  is  about  normal  for  the  fuel  used.  From  Tables 
I  and  II  we  should  expect  a  mean  effective  pressure  for  this  case  of 

M.  E.  P.  =  100  X  .80  =  80  pounds. 

From  equation  (7),    I.  H.  P.m  =  1.44  B.  H.  P.M  =  1.44  X  100  =  144 

The  engine  being  of  the  throttling  type, 

r.p.m.        185 

n=     2     ".T"  =92>5 
and  x  may  be  assumed  equal  to  1.6. 
Substituting  these  values  in  equation  (10),  we  finally  have 

cyl' dia' d  ̂    8oxi.6x92.5  *  ****  -  ]'54  ft' =  Appr.  1 

Stroke    ••=  1.6  X  18.5"  =  app.  29f" 
and         r.p.m.      =  185 
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2.  A  four-cycle  gasoline  engine  has  a  cylinder  diameter  of 

6",  a  stroke  of  8£",  and  the  number  of  revolutions  is  250  per 
minute.  It  is  governed  by  hit  and  miss.  What  is  its  probable 

brake  horse-power  at  normal  load? 
The  M.  E.  P.  at  normal  I.  H.  P.  from  Tables  I  and  II  is  about 

1.12  X  75  =  84  pounds 

assuming  that  the  compression  pressure  is  about  70  pounds  by 

gage.     For  the  maximum  indicated  horse-power,  the  number  of 

explosions  n  may  be  assumed  to  be  equal  to  -~ — -  =  -      =  125. 4  2i 

Substituting  in  equation  (4) 

84XX  785X62X125 
I.  H.  P.m=-  1.15 1.  H.  P.n=  144  B.  H.  P.w=   33000 =  6.35 

6  35 
From  which  B.  H.  P.n=  :rV;  =  appr.  4.4 

II.  The  Second  Method  of  determining  mean  effective  pres- 
sure follows  steam  engine  practice,  and  is  developed  in  detail  by 

Lucke  in  his  Gas  Engine  Design.  The  method  consists  of  draw- 
ing first  a  standard  air  reference  diagram.  From  this  the  mean 

effective  pressure  is  determined  by  multiplying  the  mean  effective 
pressure  of  the  standard  diagram  by  a  card  or  diagram  factor 
depending  upon  the  kind  of  fuel  used  and  the  compression  carried. 
Thus  fundamentally  this  method  does  not  differ  greatly  from 
that  of  Moss  outlined  above. 

The  standard  air  reference  diagram  is  obtained  by  working 
a  pound  of  air,  which  is  assumed  to  receive  as  much  heat  as  a 

pound  of  the  proper  fuel-air  mixture  to  be  used  in  the  real  engine 
would  contain,  through  the  cycle. 

The  following  table  shows  the  card  factors  as  determined  by 
Lucke  from  a  large  number  of  constructed  engines: 
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Kind  of  Fuel  and  Method  of  Use 
Range  of 

Compression 
by  Gage 

Card  Factor 

% 

Kerosene  when  previously  vaporized    45-75 30-40 
20 

25-40 
50-30 
56-40 Av.  45 

48-30 
52-40 

Kerosene  injected  on  hot  bulb  may  be  as  low  as    
Gasoline,  used  in  carbureter  requiring   a  vacuum,  de- 

pending upon  the  extent  of  the  vacuum        
Gasoline  with  but  little  initial  vacuum                 80-130 

100-160 
Av.  80 
130-180 
90-140 

Coal  gas                       
Blast  furnace  gas           
Natural  gas                            

NOTE.  —  Card  factors  for  two-cycle  engines  may  be  taken  as  .8  that  for 
four-cycle  machines. 

The  mean  effective  pressure  of  the  standard  air  reference 
diagram  of  course  increases  continuously  with  the  compression. 
The  above  table,  however,  shows  that  the  card  factor  decreases  as 
the  compression  increases  for  all  fuels  except  kerosene.  This 

accounts  for  the  fact  that  in  Moss's  Table  I  the  M.  E.  P.  does  not 
increase  beyond  certain  compressions.  The  thermal  and  mechan- 

ical reasons  underlying  this  fact  have  been  explained  in  Chap.  IV. 
The  table  of  card  factors  shows  a  large  range  of  variation  in 

the  different  factors  and  emphasizes  the  point  made  by  Lucke 
that  in  determining  cylinder  sizes  a  great  deal  must  be  left  to  the 
personal  experience  and  judgment  of  the  designer. 

III.  Third  Method  of  Determining  Cylinder  Dimensions.  It 
must  be  obvious  from  what  has  been  said  that  it  is  not  at  all 

easy  to  predict  with  fair  accuracy  the  mean  effective  pressure 
an  engine  may  be  expected  to  realize.  For  that  reason  a  method 
of  determining  the  cylinder  dimensions  of  a  proposed  engine,  or 
the  power  of  an  existing  engine,  without  first  determining  the 
M.  E.  P.,  should  be  welcome. 

The  method,  developed  by  Giildner,*  is  based  upon  two  well- 
known  facts: 

1.  The  power  developed  by  any  gas  engine  depends  directly 
upon  the  volume  of  the  mixture  it  can  handle  in  unit  time. 

2.  The  power  also  depends  upon  the  thermal  efficiency  with 
which  the  engine  can  handle  this  volume  of  mixture. 

Regarding  .the  first  point,  the  charge  volume  in  unit  time 

*  Giildner,  Entwerfen  &  Berechnen  der  Verbrennungsmotoren. 
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involves  cylinder  diameter,  stroke,  and  number  of  revolutions. 
Two  of  these  factors  can  usually  be  fixed  upon,  which  determines 
the  third.  The  computation  of  the  charge  volume  for  a  given 

time  involves  the  assumption  of  a  value  for  the  volumetric  effi- 
ciency of  the  suction  stroke.  There  is  now  so  much  experimental 

data  regarding  this  point  that  no  great  error  can  be  made.  A 

table  of  volumetric  efficiencies  Ev  for  various  types  of  engines  is 
given  on  page  86. 

The  same  is  true  of  the  thermal  efficiency  and  fuel  characteris- 
tics. A  large  number  of  tests  on  various  types  of  machines  and 

different  fuels  enables  us  to-day  to  forecast  with  a  fair  degree 
of  accuracy  what  thermal  efficiency  may  be  expected  from  a 
given  engine  when  its  approximate  power  and  the  kind  of  fuel 
used  are  known.  * 

The  following  derivation  of  equations  for  values  of  diameter, 

stroke  and  revolutions  per  minute  is  due  to  Giildner,*  as  is  also 
the  appended  table.  All  metric  measurements  and  values  have 
been  transformed  to  English  units: 

Let  B.  H.  P.ttor  Nn  =  nominal  brake  horse-power. 
n      =  R.  P.  M. 

d      =  piston  diameter  in  feet. 
I      =  stroke  in  feet. 

Vk  =  .785  dH  =  piston  displacement  per  stroke 
in  cu.  ft. 

F  =  EvVh  =  actual  volume  of  mixture  in  cu.  ft. 

per  suction  stroke,  barometer  28.95", 
temperature  59  degrees  Fahrenheit. 
V 

Ev  =  —  =  volumetric  efficiency  of  suction  stroke. 

V  h 

L  =  the  volume"  of  air  in  cu.  ft.  required  for 
1  cu.  ft.  of  gas  fuel,  or  1  pound  of  liquid 

fuel,  under  most  favorable  practical  con- 
ditions. This  is  not  the  theoretical  quan- 

tity, but  some  excess  quantity  as  seems 
best  for  the  particular  fuel. 

*  The  article  may  be  found  either  in  the  Zeitschrift  des  Vereines  deut- 
scher  Ingenieure,  April  26,  1902,  or  in  his  book,  Entwerfen  und  Berechnen 

der  Verbrennungsmotoren,  pp.  213-215. 
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Lh  =  the   resulting   actual    quantity   of   air   in 
cu.    ft.    for   one   explosion,    for   nominal 

horse-power. 
C$  =  the  quantity  of  fuel  used  per  hour,  for 

gases  in  cu.  ft.,  for  liquids  in  pounds,  at 

nominal  horse-power. 
C    =  the  same  per  horse-power  hour. 

Ch  =  the  same  per  explosion. 
H    —  the  lower  heating  value  of  the  fuel,  for 

gases  per  cu.  ft.,  for  liquids,  per  pound, 
in  B.  T.  U. 

_  Nn  X  33000  X  60  __  2545  Nn_  f  thermal     efficiency    at     the 
778  CSH  CSH         \  brake  =  economic  efficiency. 

From  the  above  we  can  derive  for  four-cycle  engines 

Nn  X  33000  X  60  _  2545  Nn 

Ls  ~  778  He  ~1^~ 

r   _5_n_.n 60  n          GO  nHe  nHe 

_  CSL  _  2545  NnL  _  84.8  NnL 
A~30rc~     30  nHe  nHe 

For  two-cycle  engines  equations  (12)  and  (13)  should  be 
divided  by  2,  because  there  is  a  charging  stroke  for  every  revolu- 
tion. 

ENGINES   FOR   GAS   FUEL 

The  actual  charge  taken  in  by  the  engine  during  one  suction 
stroke  must  be 

V  =  Ch  +  Lh 

This  volume  requires  a  piston  displacement  of 

v        7Q*  ,72;      Ck+Lh      84.8  Nn  +  84.8  NnL 
Vh  ~  Ev  nHeEv 

84.8JVn(l  +  L) 
„  „  --  -  cubic  feet  (14) nHeEv 

Solving  (14)  for  d,  I  and  n  in  turn,  we  have 
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d  .  feet 
V         enHlEv 

108ATn(l+L) ~" 

_  n 

ENGINES   FOR   LIQUID    FUEL 

In  this  case  the  fuel  is  introduced  either  in  liquid  form  or  in 
the  shape  of  vapor.  In  either  case  the  volume  ratios  of  fuel  to 
air  are  very  much  smaller  than  they  are  in  the  case  of  gaseous 
fuels.  Take  for  instance  the  case  of  alcohol,  a  fuel  of  low  heating 
value.  Here  we  find  that  the  vapor  does  not  form  theoretically 
more  than  4  per  cent  of  the  volume  of  the  charge.  In  reality  it 
is  even  less  than  this  on  account  of  the  excess  air  used.  In  view 

of  this  fact  we  may  put  for  these  engines 

Vh  =  .785  d?l  =  ̂  =  84t^nL  cubic  feet  (18) 

Solving  this  again  for  d,  I  and  n  we  obtain  for  engines  using 

liquid  fuel: 

ft.  (20) 

108  NnL 
and  H     ~- 

In  these  equations  the  quantities  to  which  certain  values 

must  be  assigned  are  L,  e  and  E'v.  As  stated  before,  there  is  now 
so  much  practical  data  at  hand  that  the  proper  determination  of 
these  should  cause  no  difficulty.  For  values  of  Ev  see  Table, 
p.  86.  The  table  on  the  opposite  page  gives  values  of  L,  C  and 
e,  as  found  for  various  fuels. 

Since  the  nominal  brake  horse-power  Nn  is  18  to  20  per  cent 
below  the  maximum  capacity  of  engines  in  ordinary  cases,  it  is 
well  to  assume  an  excess  of  air  of  about  30  per  cent  at  the  outset, 

in  the  case  of  machines  using  gas.  In  the  case  of  liquid  fuel 
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engines  a  greater  excess,  50  to  60  per  cent,  should  be  used,  because 

these  fuels  are  usually  high  in  heating  value,  and  if  any  economi- 
cal degree  of  compression  is  to  be  employed,  the  fuel  mixture 

should  be  rather  lean.  Besides  it  is  not  easy  to  produce  a  uniform 
fuel  mixture  in  the  case  of  liquid  fuels,  and  an  excess  of  air  would 
help  to  overcome  this  difficulty.  These  excess  air  allowances 
have  been  made  in  the  table.  The  values  of  C  and  e  are  for  the 

various  fuels  and  for  various  sizes  of  engines,  as  determined  from 
existing  data.  The  fuel  consumed  by  heating  apparatus  and 
ignition  flames  is  not  included  in  C.  In  the  case  of  engines  using 
generator  gas  it  is  supposed  that  suction  generators  are  employed 
requiring  no  fuel  for  a  separate  boiler. 

To  see  how  the  results  obtained  by  Giildner's  method  agree 
with  those  obtained  by  Moss,  the  same  examples  will  be  taken. 

EXAMPLE  1.  —  Engine  to  be  100  B.  H.  P.,  throttling  governor, 
fuel  to  be  anthracite  producer  gas.  Determine  the  cylinder 
dimensions,  assuming  as  before  that  the  number  of  revolutions 
is  185  per  minute. 

For  this  case  any  one  of  the  formulae  15  to  17  may  be  used. 
Taking  the  first,  we  have rf-y/ 

in  which     Nn  =  100  B.  H.  P. 
L     =  air  used  per  cu.  ft.  of  the  fuel  gas  =  say  1.3  for 

anthracite  gas  from  the  table. 

e     —  thermal  efficiency  that  may  be  expected  ==  .24 
from  the  table. 

n      =  185. 

H    =  heating  value  of  fuel  =  141  B.  T.  U.  from  the 
table. 

I      =  Stroke  =  x  d  =  assumed  as  1.6  d  in  previous 
case. 

Ev  =  volumetric  efficiency  =  say  .90  from  table  p.  86. 

108  X  100  X  2.3 
Then  d2  = .24  X  185  X  141  X  1.6  d  X  .90 

ds  =   108  X  100  X  2.3   .24  X  185  X  141  X  1.6  X  .90 
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from  which  d  =  1.42  ft.  =  appr.  17",  and 

/   =  1.6  d  =  1.6  X  17"  =  appr. 

This  method,  therefore,  apparently  calls  for  a  smaller  engine. 

EXAMPLE  2.  —  Gasoline    engine,    cyl.   diam.    6",   stroke    8£", 
r.p.m.  250.     Hit-and-miss  governor.    Determine  probable  B.  H.  P. 

For  this,  equation  21  may  be  rewritten 

_ 
108  L 

in  which     n     =  250  r.p.m. 
e     =  thermal  efficiency  =  .19  from  table. 

I      =  stroke  =  8£"  =  .71  ft, 
H   -•=  heating  value  of  fuel  =  19800,  from  table. 
d     =  6"  =  .5  ft.,  d2  =  .25. 
Ev  =  .75,  from  p.  86,  since  this  engine  is  likely  to  have 

an  automatic  inlet  valve. 

L     =  250,  for  a  good  rich  mixture. 
Then 

250  X  .19  X  .71  X  19800  X  .25  X  .75 
108  X  250 

=  4.65B.H.P. 

The  previous  example  gave  4.4  B.  H.  P.  so  that  the  agreement 
in  this  case  is  satisfactory. 

IV.  For  determining  the  power  rating  of  automobile  engines, 
several  more  or  less  empirical  formulae  are  in  use,  two  of  which 
will  be  cited. 

The  Association  of  Automobile  Manufacturers  has  fixed  upon 

the  following  expression  for  four-cycle  engines: 

HP 
B.H.P.  = 

where      d   =  diameter  of  cylinder  in  inches,  and 
N  =  number  of  cylinders. 

This  is  based  on  a  speed  of  1000  r.p.m.  In  this  formula, 
however,  the  factor  2.5  results  from  the  contraction  of  several 
other  factors  more  or  less  arbitrarily  assumed,  and  hence  as  far 
as  design  is  concerned  the  formula  is  of  little  or  no  use. 
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ffilNnf  1    N 
~  14000  V         10  Cl) 

where      d    =  cyl.  diam.  in  inches. 
I    =  stroke  in  inches. 

N  =  no.  of  cylinders. 
n    =  r.p.m.,  and 

Cl  =  clearance  expressed  in  terms  of  piston  displacement. 

The  following  example  shows  the  application  of  the  methods 
discussed  to  the  determination  of  the  power  of  an  automobile 
machine. 

EXAMPLE.  —  Cylinder  diameter  4",  stroke  4£",  r.p.m.  1000, 
no.  of  cylinders  4.  Determine  the  probable  B.  H.  P. 

I.    By  determination  of  M.  E.  P. 
Assume  compression  carried  is  80  pounds,  which  requires 

about  28  per  cent  clearance.  From  Moss's  Tables 

M.  E.  P.  =  75  X  1.12  =  84  pounds. 

From  equation  (4)  therefore 

84  X  ̂  X  .785  X  42  X  500 

'-"  33000  .. 

Since  the  mechanical  efficiency  is  in  the  neighborhood  of  .80, 

B.  H.  P.  =  .8  X  6  =  4.8 

and  for  four  cylinders 

Total    B.  H.  P.  =  4  X  4.  8  =  19.2 

II.   By  Guldner's  Method: 
nelHd?Ev _ 

108  L 

1000  X  .20  X  ~  X  19800  X  f;|Yx  .75 M£Z  -  =  4.6 

108  X  250 

and  total  B.  H.  P.  =  4  X  4.6  =  18.4 

III.    By  Association  Formula: 
2 

B.  H.  P. 
2.5 
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IV. By Rice’s Formula: 

4 xX 4.5 X 4 x 1000 BEE = (48 — 
10 X .28 

Of the above results, those obtained by methods I, II, and IV 

agree very well. Method III gives a result considerably higher, 
but in view of the fact that the choice of the factor 2.5 is some- 

what arbitrary, this discrepancy does not mean much. If the 

factor had been taken equal to three, for instance, as is sometimes 

done, the result would be brought down to 21.3 horse-power 

which is not so far different from the rest. 

  14000 ) = 17.3

POWER  OF  GAS  ENGINES  485 

IV.    By  Rice's  Formula: 

42  X  4.5  X  4  X  1000 

Of  the  above  results,  those  obtained  by  methods  I,  II,  and  IV 
agree  very  well.  Method  III  gives  a  result  considerably  higher, 
but  in  view  of  the  fact  that  the  choice  of  the  factor  2.5  is  some- 

what arbitrary,  this  discrepancy  does  not  mean  much.  If  the 
factor  had  been  taken  equal  to  three,  for  instance,  as  is  sometimes 

done,  the  result  would  be  brought  down  to  21.3  horse-power 
which  is  not  so  far  different  from  the  rest. 
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CHAPTER   XVI 

METHODS   OF   TESTING    GAS    ENGINES 

THE  actual  testing  of  gas  engines,  that  is,  the  determination  of 

indicated  and  brake  horse-power,  speed,  fuel  consumption,  etc.,  does 
not  differ  materially  from  the  methods  long  become  standard  in 
steam  engine  practice.  But  the  calculations  involved  in  the  proper 
working  up  of  the  data  obtained  are  enough  different  to  have  caused 

engineering  societies  at  home  and  abroad  to  set  up  rules  and  regu- 
lations, so-called  codes,  for  testing  internal  combustion  engines. 

Thus  in  1898  the  American  Society  of  Mechanical  Engineers 
appointed  a  committee  for  this  purpose  which  rendered  a  final 
report  in  an  Appendix  to  the  Steam  Engine  Code  in  1901.  The 

British  Institution  of  Civil  Engineers  followed  suit,  the  pre- 
liminary and  final  reports  being  rendered  in  March  and  December, 

1905,  respectively.  Finally  the  Verein  Deutscher  Ingenieure 
adopted  a  code  for  the  testing  of  gas  engines  and  gas  producers, 
which  was  published  in  the  Zeitschrift  for  November  24,  1906. 
The  latter  code  was  translated  nearly  entirely  by  Mr.  F.  E.  Junge 
and  will  be  found  in  Po\ver  for  February,  1907. 

Of  these  codes  the  American  and  German  give  specific  rules 
for  testing,  the  latter  paying  particular  attention  to  acceptance 
tests  of  both  engines  and  gas  producers.  The  British  report 
concerns  itself  mainly  with  establishing  efficiency  standards. 

In  describing  the  methods  followed  in  the  testing  of  gas 
engines,  it  was  thought  best  to  give  the  American  code  in  its 
entirety,  supplementing  it  by  most  of  the  references  to  the  steam 

engine  code  contained  in  its  original  printed  form.  This  is  fol- 
lowed by  a  translation  of  nearly  the  entire  German  code,  modi- 

fied where  necessary  to  suit  the  American  conditions.  This 
code  is  also  given  because  it  not  only  supplements  the  American 
code  in  some  important  details,  but  on  account  of  the  rules  given 

for  the  testing  'of  gas  producers. 486 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2096



487 

RULES  FOR  CONDUCTING  TESTS  OF  GAS  AND  OIL  ENGINES.       CODE  OF 

1901 

I.  Objects  of  the  Tests.  —  At  the  outset  the  specific  object 
of  the  test  should  be  ascertained,  whether  it  be  to  determine  the 

fulfilment  of  a  contract  guarantee,  to  ascertain  the  highest  econ- 
omy obtainable,  to  find  the  working  economy  and  the  defects  as 

they  exist,  to  ascertain  the  performance  under  special  conditions, 
or  to  determine  the  effect  of  changes  in  the  conditions;  and  the 
test  should  be  arranged  accordingly. 

Much  depends  upon  the  local  conditions  as  to  what  prepara- 
tions should  be  made  for  a  test,  and  this  must  be  determined 

largely  by  the  good  sense,  tact,  judgment,  and  ingenuity .xtf-  the 
exj>ert  undertaking  it,  keeping  in  mind  the  main  issue,  which  is 
to  obtain  accurate  and  reliable  data.  In  deciding  questions  of 
contract,  a  clear  understanding  in  regard  to  the  methods  of  test 
should  be  agreed  upon  beforehand  with  all  parties,  unless  these 
are  distinctly  provided  for  in  the  contract. 

II.  General  Condition  of  the  Engine.  —  Examine  the  engine, 
and  make  notes  of  its  general  condition,  and  any  points  of  design, 
construction,  or  operation  which  bear  on  the  objects  in  view. 
Make  a  special  examination  of  all  the  valves  by  inspecting  the 
seats  and  bearing  surfaces,  and  note  their  condition,  and  see  if  the 

piston  rings  are  gas-tight. 
If  the  trial  is  made  to  determine  the  highest  efficiency,  and 

the  examination  shows  evidence  of  leakage,  the  valves  and  piston 
rings,  etc.,  should  be  made  tight,  and  all  parts  of  the  engine  put 
in  the  best  possible  working  condition  before  starting  on  the  test. 

III.  Dimensions,  etc.  —  Take  the  dimensions  of  the  cylinder, 
or  cylinders,  whether  already  known  or  not;  this  should  be  done 
when  they  are  hot,  and  in  working  order.     If  they  are  slightly 
worn  the   average   diameter  should   be   determined.      Measure, 
also,  the  compression  space  or  clearance  volume,  which  should  be 
done,  if  practicable,  by  filling  the  spaces  with  water  previously 
measured,  the  proper  correction  being  made  for  the  temperature. 

IV.  Fuel.  —  Decide  upon  the  gas  or  oil  to  be  used,  and  if  the 
trial  is  to  be  made  for  maximum  efficiency,  the  fuel  should  be  the 
best  of  its  class  that  can  readily  be  obtained,  or  one  that  shows 
the  highest  calorific  power. 
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V.    Calibration    of    Instruments    used    in    the    Tests.  —  All 
instruments  and  apparatus  should  be  calibrated  and  their  re- 

liability and  accuracy  verified  by  comparison  with  recognized 
standards.  Apparatus  liable  to  change  or  to  become  broken 

during  the  tests,  such  as  gages,  indicator  springs,  and  ther- 
mometers, should  be  calibrated  both  before  and  after  the  experi- 

ments. The  accuracy  of  all  scales  should  be  verified  by  standard 
weights.  In  the  case  of  gas  or  water  meters,  special  attention 
should  be  given  to  their  calibration,  both  before  and  after  the 
trial,  and  at  the  same  rate  of  flow  and  pressure  as  exists  during 
the  trial. 

(a)  GAGES.  —  For  pressures  above  the  atmosphere,  one  of 
the  most  convenient,  and  at  the  same  time  reliable,  standards  is 

the  dead-weight  testing  apparatus  which  is  manufactured  by 
many  of  the  prominent  gage  makers.  It  consists  of  a  vertical 
plunger  nicely  fitted  into  a  cylinder  containing  oil  or  glycerine, 
through  the  medium  of  which  the  pressure  is  transmitted  to  the 
gage.  The  plunger  is  surmounted  by  a  circular  stand  on  which 

weights  may  be  placed,  and  by  means  of  which  any  desired  pres- 
sure can  be  secured.  The  total  weight,  in  pounds,  on  the  plunger 

at  any  time,  divided  by  the  area  of  the  plunger  and  of  the  bush- 
ing which  receives  it,  in  square  inches,  gives  the  pressure  in  pounds 

per  square  inch.' 
Another  standard  of  comparison  for  pressures  is  the  mercury 

column.  If  this  instrument  is  used,  assurance  must  be  had  that 
it  is  properly  graduated  with  reference  to  the  ever  varying  zero 
point;  that  the  mercury  is  pure,  and  that  the  proper  correction 
is  made  for  any  difference  of  temperature  that  exists,  compared 
with  the  temperature  at  which  the  instrument  was  graduated. 

For  pressure  below  the  atmosphere,  an  air  pump  or  some 
other  means  of  producing  a  vacuum  is  required,  and  reference 
must  be  made  to  a  mercury  gage.  Such  a  gage  may  be  a 

U-tube  having  a  length  of  30  inches  or  so,  with  both  arms  properly 
filled  with  pure  mercury. 

(6)  THERMOMETERS.  —  Standard  thermometers  are  those 
which  indicate  212  degrees  Fahrenheit  in  steam  escaping  from 
boiling  water  at  the  normal  barometrical  pressure  of  29.92  inches, 

the  whole  stem  up  to  the  212-degree  point  being  surrounded  by 
the  steam;  and  which  indicate  32  degrees  Fahrenheit  in  melting 
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ice,  the  stem  being  likewise  completely  immersed  to  the  32-de- 
gree  point;  and  which  are  calibrated  for  points  between  and 

beyond  these  two  references  points.  We  recommend,  for  tem- 
peratures between  212  degrees  and  400  degrees  Fahrenheit,  that 

the  comparison  of  the  thermometer  be  made  with  the  tempera- 

ture given  in  Regnault's  Steam  Tables,  the  method  required 
being  to  place  it  in  a  mercury  well  surrounded  by  saturated  steam 
under  sufficient  pressure  to  give  the  right  temperature.  The 
pressure  should  be  accurately  determined  as  pointed  out  in  the 
above  section  (a),  and  the  thermometer  should  be  immersed  to 
the  same  extent  as  it  is  under  its  working  condition. 

Thermometers  in  practice  are  seldom  used  with  the  stems 

fully  immersed;  consequently,  when  they  are  compared  with  the 
standard,  the  comparison  should  be  made  under  like  conditions, 
whatever  those  happen  to  be. 

If  pyrometers  of  any  kind  are  used,  they  should  be  compared 
with  a  mercury  thermometer  within  its  range,  and  if  extreme 
accuracy  is  required  with  an  air  thermometer,  or  a  standard 
based  thereon,  at  higher  points,  care  being  taken  that  the  medium 
surrounding  the  pyrometer,  be  it  air  or  liquid,  is  of  the  same 
uniform  temperature  as  that  surrounding  the  standard. 

(c)  INDICATOR  SPRINGS.  —  The  indicator  springs  should  be 
calibrated  with  the  indicator  in  as  nearly  as  possible  the  same 
condition  as  to  temperature  as  exists  during  the  trial.  This 
temperature  can  usually  be  estimated  in  any  particular  case.  A 
simple  way  of  heating  the  indicator  is  to  subject  it  to  a  steam 
pressure  just  before  calibration.  Compressed  air,  or  compressed 
carbonic  acid  gas,  are  suitable  for  the  actual  work  of  calibration. 
These  gases  should  be  used  in  preference  to  steam,  so  as  to  bring 
the  conditions  as  near  as  possible  to  those  which  obtain  when 
the  indicators  are  %  in  actual  use.  When  compressed  carbonic 
acid  gas  is  used,  and  trouble  arises  from  the  clogging  of  the  escape 
valves  with  ice,  the  pipe  between  the  valve  and  the  gas  tank 
should  be  heated.  With  both  air  and  carbonic  acid  gas,  the 
pipes  leading  to  the  indicator  should  also  be  heated  if  it  is  found 
that  they  are  below  the  required  temperature.  The  springs  may 
be  calibrated  for  this  class  of  engines  under  a  constant  pressure, 
if  desired,  and  the  most  satisfactory  method  is  to  cover  the  whole 

range  of  pressure  through  which  the  indicator  acts;  first,  by  grad- 
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ually  increasing  it  from  the  lowest  to  the  highest  point,  and  then 
gradually  reducing  it  from  the  highest  to  the  lowest  point,  in  the 
manner  which  has  heretofore  been  widely  followed  by  indicator 
makers;  a  mean  of  the  results  should  be  taken.  The  calibration 

should  be  made  for  at  least  five  points,  two  of  these  being  for  the 
pressures  corresponding  to  the  maximum  and  minimum  pressures, 
and  three  for  intermediate  points  equally  distant. 

The  standard  of  comparison  recommended  is  the  dead  weight 
testing  apparatus,  a  mercury  column,  or  a  steam  gage,  which 
has  been  proved  correct  by  reference  to  either  of  these  standards. 

When  the  scale  of  the  spring  determined  by  calibration  is 
found  to  vary  from  the  nominal  scale  with  substantial  uniformity, 
it  is  usually  sufficiently  accurate  to  take  the  arithmetical  mean 

of  the  scales  found  at  the  different  pressures  tried.  When,  how- 
ever, the  scale  varies  considerably  at  the  different  points,  and 

absolute  accuracy  is  desired,  the  method  to  be  pursued  is  as 
follows:  Select  a  sample  diagram  and  divide  it  into  a  number  of 
parts  by  means  of  lines  parallel  to  the  atmospheric  line,  the 

number  of  lines  being  equal  to  and  corresponding  with  the  num- 
ber of  points  at  which  the  calibration  of  the  spring  is  made. 

Take  the  mean  scale  of  the  spring  for  each  division  and  multiply 
it  by  the  area  of  the  diagram  inclosed  between  two  contiguous 
lines.  Add  all  the  products  together  and  divide  by  the  area  of 
the  whole  diagram;  the  result  will  be  the  average  scale  of  the 

spring  to  be  used.  If  the  sample  diagram  selected  is  a  fair  repre- 
sentative of  the  entire  set  of  diagrams  taken  during  the  test,  this 

average  scale  can  be  applied  to  the  whole.  If  not,  a  sufficient 
number  of  samples  of  diagrams  representing  the  various  conditions 
can  be  selected,  and  the  average  scale  determined  by  a  similar 
method  for  each,  and  thereby  the  average  for  the  whole  run. 

(d)  GAS  METERS.  —  A  meter  used  for  measuring  gas  for  a 
gas  engine  should  be  calibrated  by  referring  its  readings  to  the 
displacement  of  a  gasometer  of  known  volume,  by  comparing  it 
with  a  standard  gas  meter  of  known  error,  or  by  passing  air 
through  the  meter  from  a  tank  in  which  air  under  pressure  is 
stored.  If  the  latter  method  is  adopted,  it  is  necessary  to  observe 
the  pressure  of  the  air  in  the  tank  and  its  temperature,  both  at 
the  tank  and  at  the  meter,  and  this  should  be  done  at  uniform 

intervals  during  the  progress  of  the  calibration.  The  amount  of 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2100



METHODS  OF  TESTING  GAS  ENGINES 
491 

air  passing  through  the  meter  is  computed  from  the  volume  of 
the  tank  and  the  observed  temperatures  and  pressures. 

The  volume  of  the  gas  thus  ascertained  should  be  reduced  to 
the  equivalent  at  a  given  temperature  and  atmospheric  pressure, 
corrected  for  the  effect  of  moisture  in  the  gas,  which  is  ordinarily 
at  the  saturation  point  or  nearly  so.  We  recommend  that  a 

standard  be  adopted  for  gas-engine  work,  the  same  as  that  used 
in  photometry,  namely,  the  equivalent  volume  of  the  gas  when 
saturated  with  moisture  at  the  normal  atmospheric  pressure  at  a 
temperature  of  60  degrees  Fahrenheit.  In  order  to  reduce  the 

reading  of  the  volume  containing  moist  gas  at  any  other  tempera- 
ture to  this  standard,  multiply  by  the  factor 

459.4  +  60      &  -  (29.92  -  s) 
459.4  +  t 

X 29.4 

CALIBRATION  OF  A  WATER  METER 
SKETCH  SHOWING  METER  CONNECTIONS  ETC\ 

in  which  b  is  the  height  of  the  barometer  in  inches  at  32  degrees 
Fahrenheit,  t  the  temperature  of  the  gas  at  the  meter  in  degrees 
Fahrenheit,  and  s  the  vacuum  in  inches  of  mercury  corresponding 
to  the  temperature  of  t  obtained  from  steam  tables. 

(e)  WATER  METERS.  —  A  good  method  of  calibrating  a  water 
meter  is  the  following,  reference  being  made  to  Fig.  16-1. 

Two  tees  A  and  B  are  placed  in  the  feed  pipe,  and  between 
them  two  valves  C  and  D.  The  meter  is  connected  between  the 
outlets  of  the  tees  A 
and  B.  The  valves 

E  and  F  are  placed 
one  on  each  side  of 
t  he  meter.  When  t  he 

meter  is  running, 
the  valves  E  and  F 

are  opened,  and  the 
valves  C  and  D  are 
closed.  Should  an 

accident  happen  to 
the  meter  during  the 
test,  the  valves  E 

and  F  maybe  closed, 

and  the  valves  C  and  D  opened,  so  as  to  allow  the  feed  water 
to  flow  directly  to  the  point  of  use.  A  small  bleeder  G  is 

tUHUrd  EDjla,  T-U      ( 

FIG.  16-1. 
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opened  when  the  valves  C  and  D  are  closed,  in  order  to  make 
sure  that  there  is  no  leakage.  A  gage  is  attached  at  H.  When 
the  meter  is  tested,  the  valves  C,  D,  and  F  are  closed,  and  the 
valves  E  and  /  are  opened.  The  water  flows  from  the  valve 

/  to  a  tank  placed  on  weighing  scales.  In  testing  the  meter  the 
rate  of  flow  should  be  the  same  as  that  on  test,  and  the  water 
leaving  the  meter  is  throttled  at  the  valve  I  until  the  pressure 
shown  by  the  gage  H  is  the  same  as  that  indicated  when  the 

meter  is  running  under  the  normal  conditions.  The  piping  lead- 
ing from  the  valve  /  to  the  tank  is  arranged  with  a  swinging  joint, 

consisting  merely  of  a  loosely  fitting  elbow,  so  that  it  can  be  swung 
readily  into  the  tank  or  away  from  it.  After  the  desired  pressure 
and  rate  of  flow  have  been  secured,  the  end  of  the  pipe  is  swung 
.into  the  tank  the  instant  that  the  pointer  of  the  meter  is  opposite 
some  graduation  mark  on  the  dial,  and  the  water  continues  to 
empty  into  the  tank.  The  tests  should  be  made  by  starting  and 
stopping  at  the  same  graduation  mark  on  the  meter  dial,  and 
continued  until  at  least  10  or  20  cubic  feet  are  discharged  for  one 
test.  The  water  collected  in  the  tank  is  then  weighed. 

The  water  passing  the  meter  should  always  be  under  pressure 
in  order  that  any  air  in  the  meter  may  be  discharged  through  the 
vents  provided  for  this  purpose.  Care  should  be  taken  that  there 
is  no  air  contained  in  the  water.  The  meter  should  be  tested 

both  before  and  after  the  engine  trial,  and  several  tests  be  made 
of  the  meter  in  each  case  in  order  to  obtain  confirmative  results. 

It  is  well  to  make  preliminary  tests  to  determine  whether  the 
meter  works  satisfactorily  before  connecting  it  up  for  an  engine 
trial.  The  results  should  agree  with  each  other  for  two  widely 
different  rates  of  flow. 

VI.  Duration  of  Test.  —  The  duration  of  a  test  should 
depend  upon  its  character  and  the  objects  in  view,  and  in  any 
case  the  test  should  be  continued  until  the  consecutive  readings 

of  the  rates  at  which  oil  or  gas  is  consumed,  taken  at  say  half- 
hourly  intervals,  become  uniform  and  thus  verify  each  other.  If 
the  object  is  to  determine  the  working  economy,  and  the  period 
of  time  during  which  the  engine  is  usually  in  motion  is  some  part 

of  twenty-four  hours,  the  duration  of  the  test  should  be  fixed  for 
this  number  of  hours.  If  the  engine  is  one  using  coal  for  generat- 

ing gas,  the  test  should  cover  a  long  enough  period  to  determine 
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with  accuracy  the  coal  used  in  the  gas  producer;  such  a  test  should 

be  of  at  least  twenty-four  hours'  duration,  and  in  most  cases  it 
should  extend  over  several  days. 

VII.  Starting  and  Stopping  a  Test.  —  In  a  test  for  deter- 
mining the  maximum  economy  of  an  engine,  it  should  first  be 

run  a  sufficient  time  to  bring  all  the  conditions  to  a  normal  and 
constant  state.     Then  the  regular  observations  of  the  test  should 
begin,  and  continue  for  the  allotted  time. 

If  a  test  is  made  to  determine  the  performance  under  working 

conditions,  the  test  should  begin  as  soon  as  the  regular  prepara- 
tions have  been  made  for  starting  the  engine  in  practical  work, 

and  the  measurements  should  then  commence  and  be  continued 

until  the  close  of  the  period  covered  by  the  day's  work. 
VIII.  Measurement  of  Fuel.  —  If  the  fuel  used  is  coal  fur- 

nished to  a  gas  producer,  the  same  methods  apply  for  determining 
the  consumption  as  are  used  in  steam  boiler  tests. 

If  the  fuel  used  be  gas,  the  only  practical  method  of  measure- 
ment is  the  use  of  a  meter  through  which  the  gas  is  passed.  Gas 

bags  should  be  placed  between  the  meter  and  the  engine  to  dimin- 
ish the  variation  of  pressure,  and  these  should  be  of  a  size  propor- 

tionate to  the  quantity  used.  When  a  meter  is  employed  to 
measure  the  air  used  by  an  engine,  a  receiver  with  a  flexible 
diaphragm  should  be  placed  between  the  engine  and  the  meter. 
The  temperature  and  pressure  of  the  gas  should  be  measured,  as 
also  the  barometric  pressure  and  temperature  of  the  atmosphere, 
and  the  quantity  of  gas  should  be  determined  by  reference  to  the 
calibration  of  the  meter,  taking  into  account  the  temperature 

and  pressure  of  the  gas.  (See  Section  V  (d)). 
If  the  fuel  is  oil,  this  can  be  drawn  from  a  tank  which  is  filled 

to  the  original  level  at  the  end  of  the  test,  the  amount  of  oil  re- 
quired for  so  doing  being  weighed;  or,  for  a  small  engine,  the  oil 

may  be  drawn  from  a  calibrated  vessel  such  as  a  vertical  pipe. 
In  an  engine  using  an  igniting  flame  the  gas  or  oil  required  for 

it  should  be  included  in  that  of  the  main  supply,  but  the  amount 
so  used  should  be  stated  separately,  if  possible. 

IX.  Measurement  of  Heat-Units  Consumed  by  the  Engine.  — 
The  number  of  heat  units  used  is  found  by  multiplying  the  num- 

ber of  pounds  of  coal  or  oil  or  the  cubic  feet  of  gas  consumed,  by 

the  total  heat  of  combustion  of  the  fuel  as  determined  by  a  cal- 
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orimeter  test.  In  determining  the  total  heat  of  combustion  no 

deduction  is  made  for  the  latent  heat  of  the  water  vapor  in  the 
products  of  combustion.  There  is  a  difference  of  opinion  on 
the  propriety  of  using  this  higher  heating  value,  and  for  purposes 
of  comparison  care  must  be  taken  to  note  whether  this  or  the 
lower  value  has  been  used.  The  calorimeter  recommended  for 

determining  the  heat  of  combustion  is  the  Mahler,  for  solid  fuels 
or  oil,  or  the  Junker  for  gases,  or  some  form  of  calorimeter  known 

to  be  equally  reliable.  (See  Chapter  VI,  or  Poole  on  "  The  Calorific 
Power  of  Fuels.") 

It  is  sometimes  desirable,  also,  to  have  a  complete  chemical 
analysis  of  the  oil  or  gas.  The  total  heat  of  combustion  may  be 
computed,  if  desired,  from  the  results  of  the  analysis,  and  should 
agree  well  with  the  calorimeter  values. 

In  using  the  gas  calorimeter,  which  involves  the  determina- 
tion of  the  volume  instead  of  the  weight  of  the  gas,  it  is  important 

that  this  should  be  reduced  to  the  same  temperature  as  that 
corresponding  to  the  conditions  of  the  engine  trial.  The  formula 
to  be  used  for  making  the  reduction  is  that  already  given  in 
Section  V  (d). 

For  the  purpose  of  making  the  calorimeter  test,  if  the  fuel 
used  is  coal  for  generating  gas  in  a  producer,  or  oil,  samples  should 
be  taken  at  the  time  of  the  engine  trial,  and  carefully  preserved 
for  subsequent  determination.  If  gas  is  used,  it  is  better  to  have 
a  gas  calorimeter  on  the  spot,  samples  taken,  and  the  calorimeter 
test  made  while  the  trial  is  going  on. 

X.  Measurement  of  Jacket  Water  to  Cylinder  or  Cylinders.  — 
The  jacket  water  may  be  measured  by  passing  it  through  a  water 

meter  or  allowing  it  to  flow  from  a  measuring  tank  before  enter- 
ing the  jacket,  or  by  collecting  it  in  tanks  on  its  discharge. 

XI.  Indicated  Horse-Power.  —  The  directions  given  for  deter- 
mining the  indicated  horse-power  for  steam  engines  apply  in  all 

respects  to  internal  combustion  engines. 

The  indicated  horse-power  should  be  determined  from  the 
average  mean  effective  pressure  of  diagrams  taken  at  intervals  of 
twenty  minutes,  and  at  more  frequent  intervals  if  the  nature  of 
the  test  makes  this  necessary.  With  variable  loads,  such  as  those 
of  engines  driving  generators  for  electric  railroad  work,  and  of 

rubber-grinding  and  rolling  mill  engines,  the  diagrams  cannot  be 
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taken  too  often.  In  cases  like  the  latter,  one  method  of  obtain- 
ing suitable  averages  is  to  take  a  series  of  diagrams  on  the  same 

blank  card  without  unhooking  the  driving  cord,  and  apply  the 

pencil  at  successive  intervals  of  ten  seconds  until  two  minutes' 
time  or  more  has  elapsed,  thereby  obtaining  a  dozen  or  more 
indications  in  the  time  covered.  This  tends  to  insure  the  deter- 

mination of  a  fair  average  for  that  period.  In  taking  diagrams 
for  variable  loads,  as  indeed  for  any  load,  the  pencil  should  be 

applied  long  enough  to  cover  several  successive  revolutions,  so 
that  the  variations  produced  by  the  action  of  the  governor  may 

be  properly  recorded.  To  determine  whether  the  governor  is 

subject  to  what  is  called  "racing"  or  "hunting,"  a  "variation 
diagram"  should  be  obtained;  that  is,  one  in  which  the  pencil  is 
applied  a  sufficient  time  to  cover  a  complete  cycle  of  variations. 
When  the  governor  is  found  to  be  working  in  this  manner,  the 
defect  should  be  remedied  before  proceeding  with  the  test. 

AUTHOR'S  NOTE.  —  When  the  engine  is  governed  by  the  hit-and-miss 
principle  the  diagrams  taken  on  one  card  should  in  any  case  cover  the  series 
of  consecutive  explosions,  and  the  mean  diagram  should  be  used  as  the  basis 
of  calculations. 

The  most  satisfactory  driving  rig  for  indicating  seems  to  be 

some  form  of  well-made  pantagraph,  with  driving  cord  or  fine 
annealed  wire  leading  to  the  indicator.  The  reducing  motion, 
whatever  it  may  be,  and  the  connections  to  the  indicator,  should 

be  so  perfect  as  to  produce  diagrams  of  equal  lengths,  and  pro- 
duce a  proportionate  reduction  of  the  motion  of  the  piston  at 

every  point  of  the  stroke,  as  proved  by  test. 
To  test  the  accuracy  of  the  reducing  motion  without  making 

special  preparations  for  a  thorough  examination,  it  is  sufficient 
to  make  a  comparison  between  the  actual  proportion  of  the  stroke 
covered  and  the  apparent  proportion  measured  on  the  indicator, 
and  see  how  they  agree.  This  may  be  done  on  a  large  engine  by 

making  the  comparison  wherever  it  happens  to  stop,  and  repeat- 
ing the  comparison  when  it  has  stopped  with  the  piston  at  some 

other  point  of  the  stroke.  With  an  engine  which  can  be  turned 

over  by  hand,  or  where  auxiliary  power  is  provided  for  moving 
it,  the  comparison  may  be  made  at  a  number  of  equidistant 

points  in  the  stroke.  To  make  the  test  properly,  a  diagram 
should  be  taken  just  before  stopping,  and  this  will  serve  as  a 
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reference  for  the  measurements  taken  after  stopping.  The  actual 
proportion  of  stroke  covered  is  determined  by  measuring  the 
distance  which  the  piston  has  moved  and  comparing  it  with  the 
whole  length  of  the  stroke,  making  sure  that  the  slack  has  all 

been  taken  up.  To  obtain  the  apparent  indication  from  the  dia- 
gram, the  indicator  pencil  is  moved  up  and  down  with  the  finger 

so  as  to  make  a  vertical  mark  on  the  diagram,  and  the  distance 
of  this  mark  from  the  beginning  of  the  diagram  compared  to  the 
whole  length  of  the  diagram  is  the  proportion  desired. 

It  is  necessary,  of  course,  to  go  through  these  operations  with- 
out changing  in  any  way  the  adjustment  of  the  driving  cord  of 

the  indicator,  or  any  part  of  the  mechanism  that  would  alter  the 
movements  of  the  indicator. 

In  the  manipulation  of  the  indicator  it  is  important  to  keep 
the  instrument  in  clean  condition  and  preserve  it  in  mechanically 
good  order.  Ordinary  cylinder  oil  is  the  best  material  to  use  for 

lubricating  the  indicator  piston  for  pressures  above  the  atmos- 
phere. It  is  better  to  have  the  piston  fit  the  cylinder  rather 

loosely  —  so  as  to  get  absolute  freedom  of  motion  —  than  to 
have  a  mechanically  accurate  fit.  In  the  latter  case,  extreme 
care  and  frequent  cleanings  are  required  to  obtain  good  diagrams. 
No  diagrams  should  be  accepted  in  which  there  is  any  appearance 
of  want  of  freedom  in  the  movement  of  the  mechanism.  A  ragged 
or  serrated  line  in  the  region  of  the  expansion  or  compression 
lines  is  a  sure  indication  that  the  piston  or  some  part  of  the 
mechanism  sticks;  and  when  this  state  of  things  is  revealed  the 

indicator  should  not  be  trusted,  but  the  cause  should  be  ascer- 
tained and  a  suitable  remedy  applied.  An  indicator  which  is 

free  when  subjected  to  a  steady  pressure,  as  it  is  under  a  test 
of  the  springs  for  calibration,  should  be  able  to  produce  the  same 
horizontal  line,  or  substantially  the  same,  after  pushing  the 
pencil  down  with  the  finger,  as  that  traced  after  pushing  the 
pencil  up  and  subsequently  tapping  it  lightly.  When  the  pencil 
is  moved  by  the  finger,  first  up  and  then  down,  the  piston  being 
subjected  to  the  pressure,  the  movement  should  appear  smooth 
to  the  sense  of  feeling. 

The  pipe  connections  for  indicating  gas  and  oil  engines  should 
be  removed  as  far  as  possible  from  the  ports  and  ignition  devices, 
and  made  preferably  in  the  cylinder  head.  The  pipes  should  be 
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as  short  and  direct  as  possible.     Avoid  the  use  of  long  pipes, 
otherwise  explosions  of  the  gas  in  these  connections  may  occur. 

Ordinary  indicators  suitable  for  indicating  steam  engines  are 
much  too  lightly  constructed  for  gas  and  oil  engines.  The  pencil 
mechanism,  especially  the  pencil  arm,  needs  to  be  very  strong  to 

prevent  injury  by  the  sudden  impact  at  the  instant  of  the  ex- 
plosion; a  special  gas-engine  indicator  is  required  for  satisfactory 

work,  with  a  small  piston  and  a  small  spring. 
See  Chapter  I  for  the  description  of  various  indicators. 

XII.  Brake  Horse-Power.  —  The  determination  of  the  brake 

horse-power,  which  is  very  desirable,  is  the  same  for  internal 
combustion  as  for  steam  engines. 

This  term  applies  to  the  power  delivered  from  the  fly-wheel 
shaft  to  the  engine.  It  is  the  power  absorbed  by  a  friction  brake 
applied  to  the  rim  of  the  wheel,  or  to  the  shaft.  A  form  of  brake 

is  preferred  that  is  self-adjusting  to  a  certain  extent,  so  that  it 
will,  of  itself,  tend  to  maintain  a  constant  resistance  at  the  rim 
of  the  wheel.  One  of  _ 

the  simplest   brakes  fg 
for  comparatively 
small  engines,  which 

may  be  made  to  em- 
body this  principle, 

consists  of  a  cotton 

or  hemp  rope,  or  a 

number  of  ropes,  en- 
circling the  wheel, 

arranged  with  weigh- 
ing scales  or  other 

means  for  showing 
the  strain.  An  ordi- FIG. 16-2. 

nary  band  brake  may  also  be  constructed  so  as  to  embody  the 
principle.  The  wheel  should  be  provided  with  interior  flanges 
for  holding  water  used  f6r  keeping  the  rim  cool. 

A  self-adjusting  rope  brake  is  illustrated  in  Fig.  16-2,  where 
it  will  be  seen  that,  if  the  friction  at  the  rim  of  the  wheel  increases, 
it  will  lift  the  weight  A,  which  action  will  diminsh  the  tension  in 
the  end  B  of  the  rope,  and  thus  prevent  a  further  increase  in  the 
friction.  The  same  device  can  be  used  for  a  band  brake  of  the 
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ordinary  construction.  Where  space  below  the  wheel  is  limited, 
a  cross  bar,  C,  supported  by  a  chain  tackle  exactly  at  its  center 

point,  may  be  used  as  shown  in  Fig.  16-2,  thereby  causing  the 
action  of  the  weight  on  the  brake  to  be  upward.  A  safety  stop 
should  be  used  with  either  form,  to  prevent  the  weights  being 
accidentally  raised  more  than  a  certain  amount. 

The  water-friction  brake  is  specially  adapted  for  high  speeds 
and  has  the  advantage  of  being  self-cooling.  The  Alden  brake  is 
also  self-cooling  and  is  capable  of  fine  adjustment. 

A  water-friction  brake  is  shown  in  P^ig.  16-3.  It  consists  of 
two  circular  discs,  A  and  B,  attached  to  the  shaft  C,  and  revolv- 

ing in  a  case,  E,  be- 
tween fixed  planes. 

The  space  between 
the  discs  and  the 

planes  is  supplied 
with  running  water, 
which  enters  at  D 

and  escapes  at  the 
cocks  F,  G,  and  H. 
The  friction  of  the 

water  against  the 
surfaces  constitutes 
a  resistance  which 

and  the  heat  generated  within  is 
carried  away  by  the  water  itself.  The  water  is  thrown  outward 
by  centrifugal  action  and  fills  the  outer  portion  of  the  case. 
The  greater  the  depth  of  the  ring  of  water,  the  greater  amount 
of  power  absorbed.  By  suitably  adjusting  the  amount  of  water 

entering  and  leaving  any  desired  power  can  be  obtained.  Water- 
friction  brakes  have  been  used  successfully  at  speeds  of  over 
20,000  revolutions  per  minute. 

For  methods  of  computing  brake  horse-power  see  Chapter  I. 

XIII.  Speed.  —  There  are  several  reliable  methods  of  ascer- 
taining the  speed,  or  the  number  of  revolutions  of  the  engine 

crank  shaft  per  minute.  The  simplest  is  the  familiar  method  of 
counting  a  number  of  turns  for  a  period  of  one  minute  with  the 
eye  fixed  on  the  second  hand  of  a  time  piece.  Another  is  the  use 
of  a  counter  held  for  a  minute  or  a  number  of  minutes  against 

FIG.  16-3. 

absorbs  the   desired   power 
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the  end  of  the  main  shaft.  Another  is  the  use  of  a  reliable  tach- 
ometer held  likewise  against  the  end  of  the  shaft.  The  most 

reliable  method,  and  the  one  we  recommend,  is  the  use  of  a 
continuous  recording  engine  register  or  counter,  taking  the  total 
reading  each  time  that  the  general  test  data  are  recorded,  and 
computing  the  revolutions  per  minute  corresponding  to  the 
difference  in  the  readings  of  the  instrument.  When  the  speed  is 
above  250  revolutions  per  minute,  it  is  almost  impossible  to  make 
a  satisfactory  counting  of  the  revolutions  without  the  use  of 
some  kind  of  mechanical  counter. 

The  determination  of  variation  of  speed  during  a  single  revo- 
lution, or  the  effect  of  the  fluctuation  due  to  sudden  changes  of 

the  load,  is  also  desirable,  es- 
pecially in  engines  driving  electric 

generators  used  for  lighting  pur- 
poses. There  is  at  present  no 

recognized  standard  method  of 
making  such  determinations,  and 
if  such  are  desired,  the  method 

employed  may  be  devised  by  the 

person  making  the  test  and  de- 
scribed in  detail  in  the  report. 

One  method  suggested  for 
determining  the  instantaneous 

variation  of  speed  which  accom- 
panies a  change  of  load  is  as 

follows:  A  screen  containing  a 
narrow  slot  is  placed  on  the  end 
of  a  bar  and  vibrated  by  means 
of  electricity.  A  corresponding 
slot  in  a  stationary  screen  is 

placed  parallel  and  nearly  touch- 
ing the  vibrating  screen,  and  the 

two  screens  are  placed  a  short 

distance  from  the  fly-wheel  of  the  engine  in  such  a  position  that 
the  observer  can  look  through  the  two  slots  in  the  direction  of  the 

spokes  of  the  wheel.  The  vibrations  are  adjusted  so  as  to  con- 
form to  the  frequency  with  which  the  spokes  of  the  wheel  pass 

the  slots. 

FIG.  16-4. 
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When  this  is  done  the  observer  viewing  the  wheel  through  the 

slots  sees  what  appears  to  be  a  stationary  fly-wheel.  When  a 
change  in  the  velocity  of  the  fly-wheel  occurs,  the  wheel  appears 
to  revolve  either  backward  or  forward  according  to  the  direction 
of  the  change.  By  careful  observations  of  the  amount  of  this 
motion,  the  change  of  angular  velocity  during  any  given  time  is 
revealed. 

Experiments  that  have  been  made  with  a  device  of  this  kind 
show  that  the  instantaneous  gain  of  velocity,  upon  suddenly 

removing  all  the  load  from  an  engine,  amounted  to  from  one- 
sixth  to  one-quarter  of  a  revolution  of  the  wheel. 

In  an  engine  which  is  governed  by  varying  the  number  of  ex- 
plosions or  working  cycles,  a  record  should  be  kept  of  the  number 

of  explosions  per  minute;  or  if  the  engine  is  running  at  nearly 
maximum  load,  by  counting  the  number  of  times  the  governor 
causes  a  miss  in  the  explosions. 

One  way  of  mechanically  recording  the  explosions  is  to  attach 
to  the  exhaust  pipe  a  cylinder  and  piston  arranged  so  that  the 
pressure  caused  by  the  exhaust  gases  operate  against  a  light 

spring  and  moves  a  register,  w^hich  is  provided  for  automatically 
counting  the  number. 

AUTHOR'S  NOTE.  —  An  instrument  for  this  purpose  has  been  devised  by 
R.  Mathot.  The  following  description  is  from  his  book  on  "Modern  Gas 
Engines  and  Producer  Gas  Plants: " 

The  instrument,  Fig.  16-4,  is  somewhat  similar  in  form  to  the  ordinary 
indicator.  Its  record,  however,  is  made  on  a  paper  tape  which  is  continuously 
unwound.  The  cylinder  c  is  provided  with  a  piston  p,  about  the  stem  of 
which  a  spring  .s  is  coiled.  A  clock  train  contained  in  the  chamber  b  unwinds 

the  strip  of  paper  from  the  roll  p'  and  draws  it  over  the  drum  p" ',  where  the 
pencil  t  leaves  the  mark.  The  tape  is  then  rewound  on  the  spindle  p'".  A 
small  stylus  or  pencil  /  traces  the  atmospheric  line  on  the  paper  as  it  passes 
over  the  drum  p".  In  order  to  obviate  the  binding  of  the  piston  p  when 
subjected  to  the  high  temperature  of  the  explosions,  the  cylinder  c  is  provided 
with  a  casing  e  in  which  water  is  circulated  by  means  of  a  small  rubber  tube 
wyhich  fits  over  the  nipple  e'.  This  recorder  analyzes  with  absolute  precision 
the  work  of  all  engines,  whatever  may  be  their  speed.  It  gives  a  continuous 
graphic  record  from  which  the  number  of  explosions,  together  with  the  initial 
pressure  of  each,  can  be  determined,  and  the  order  of  their  succession.  Con- 

sequently the  regularity  or  irregularity  of  the  variations  can  be  observed 
and  traced  to  the  secondary  influences  producing  them,  such  as  the  action 
of  the  inlet  and  outlet  valves  and  the  sensitiveness  of  the  governor.  It  renders 
it  possible  to  estimate  the  resistance  to  suction  and  the  back  pressure  due  to 
expelling  the  burnt  gases,  the  chief  causes  of  loss  in  efficiency  in  high-speed 
.engines.  Furthermore,  the  influence  of  compression  is  markedly  shown 
from  the  diagram  obtained. 

The  recorder  is  mounted  on  the  engine;  its  piston  is  driven  back  by  each 
of  the  explosions  to  a  height  corresponding  with  their  force;  and  the  stylus 
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or  pencil  controlled  by  the  lever  (  records  them  side  by  side  on  the  moving 
strip  of  paper.  The  speed  with  which  this  strip  is  unwound  conforms  with  the 
number  of  revolutions  of  the  engine  to  be  tested,  so  that  the  records  of  the 
explosions  are  placed  side  by  side  clearly  and  legibly. 

Their  succession  indicates  not  only  the  number  of  explosions  and  of 
revolutions  which  occur  in  a  given  time,  but  also  their  regularity,  the  num- 

ber of  misfires.  The  pressure  of  the  explosions  is  measured  by  a  scale  con- 
nected with  the  recorder-spring.  By  employing  a  very  weak  spring  which 

flexes  at  the  bottom  simply  by  the  effect  of  the  compression  in  the  engine 
cylinder,  it  is  possible  to  ascertain  the  amount  of  the  resistance  to  suction 
and  to  the  exhaust.  It  is  simply  sufficient  to  compare  the  explosion  record 
with  the  atmospheric  line,  traced  by  the  stylus  /.  By  means  of  this  appa- 

ratus, and  of  the  records  which  it  furnishes,  it  is  possible  analytically  to  regulate 
the  work  of  an  engine,  to  ascertain  the  proportion  of  air,  gas,  or  hydro- 

carbon which  produces  the  most  powerful  explosion,  to  regulate  the  com- 
pression, the  speed,  the  time  of  ignition,  the  temperature,  and  the  like. 

XIV.  Recording   the    Data.  —  The  time  of  taking  weights 
and  every  observation  should  be  recorded,  and  note  made  of 
every  event,   however  unimportant   it   may  seem  to   be.     The 
pressures,    temperatures,    meter    readings,    speeds,    and    other 
measurements  should  be  observed  every  20  or  30  minutes  when 
the  conditions   are   practically  uniform,   and  at   more  frequent 
intervals  if  they  are  variable.     Observations  of  the  gas  or  oil 

measurements  should  be  taken  with  special  care  at  the  expira- 
tion of  each  hour,  so  as  to  divide  the  test  into  hourly  periods,  and 

reveal  the  uniformity,  or  otherwise,  of  the  conditions  and  results 
as  the  test  goes  forward. 

All  data  and  observations  should  be  kept  on  suitable  prepared 
blank  sheets  or  in  notebooks. 

XV.  Uniformity  of  Conditions.  —  When  the  object   of  the 
test  is  to  determine  the  maximum  economy,  all  the  conditions 
relating  to  the  operation  of  the  engine  should  be  maintained  as 
constant  as  possible  during  the  trial. 

XVI.  Indicator    Diagrams    and     their    Analysis.  —  SAMPLE 
DIAGRAMS:   Sample   diagrams   nearest   to   the   mean   should   be 

selected  from  those  taken  during  the  trial  and  appended  to  the 
tables  of  the  results.     If  there  are  separate  compression  or  feed 
cylinders,  the  indicator  diagrams  from  these  should  be  taken 
and  the  power  deducted  from  that  of  the  main  cylinder. 

XVII.  Standards  of  Economy  and  Efficiency.  —  The  hourly 
consumption  of  heat,  determined  as  pointed  out  in  Article  IX, 

divided  by  the  indicated  or  the  brake  horse-power,  is  the  standard 
expression  of  engine  economy  recommended. 

In   making  comparisons  between  the  standard   for  internal 
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combustion  engines  and  that  for  steam,  it  must  be  borne  in  mind 
that  the  former  relates  to  energy  concerned  in  the  generation  of 
the  force  employed,  whereas  in  the  steam  engine  it  does  not 

relate  to  the  entire  energy  expended  during  the  process  of  com- 
bustion in  the  steam  boiler.  The  steam  engine  standard  does 

not  cover  the  losses  due  to  combustion,  while  the  internal  com- 
bustion engine  standard,  in  cases  where  a  crude  fuel  such  as  oil 

is  burned  in  the  cylinder,  does  cover  these  losses.  To  make  a 
direct  comparison  between  the  two  classes  of  engines  considered 
as  complete  plants  for  the  production  of  power,  the  losses  in 
generating  the  working  agent  must  be  taken  into  account  in  both 
cases  and  the  comparison  must  be  on  the  basis  of  the  fuel  used: 
and  not  only  this,  but  on  the  basis  of  the  same  or  equivalent  fuel 
used  in  each  case.  In  such  a  comparison,  where  producer  gas 

is  used,  and  the  producer  is  included  in  the  plant,  the  fuel  con- 
sumption, which  will  be  the  weight  of  coal  in  both  cases,  may  be 

directly  compared. 

The  thermal  efficiency  ratio  per  indicated  horse-power  or  per 
brake  horse-power  for  internal  combustion  engines  is  obtained 
in  the  same  manner  as  for  steam  engines,  and  is  expressed  by  the 
fraction 

  2545   
B.T.U.  per  H.P.  per  hour 

XVIII.  Heat  Balance.  —  For  purposes  of  scientific  research, 
a  heat  balance  should  be  drawn  which  shows  the  manner  in  which 

the  total  heat  of  combustion  is  expended  in  the  various  processes 
concerned  in  the  working  of  the  engine.  It  may  be  divided  into 
three  parts:  first,  the  heat  which  is  converted  into  the  indicated 
or  brake  work;  second,  the  heat  rejected  in  the  cooling  water  of 
the  jackets;  and  third,  the  heat  rejected  in  the  exhaust  gases, 
together  with  that  lost  through  incomplete  combustion  and 
radiation. 

To  determine  the  first  item,  the  number  of  foot-pounds  of  work 
performed  by,  say,  one  pound  or  one  cubic  foot  of  the  fuel  is 

determined;  and  this  quantity  divided  by  778,  which  is  the  me- 
chanical equivalent  of  one  British  thermal  unit,  gives  the  number 

of  heat  units  desired.  The  second  item  is  determined  by  meas- 
uring the  amount  of  cooling  water  passed  through  the  jackets, 

equivalent  to  one  pound  or  one  cubic  foot  of  fuel  consumed,  and 
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calculating  the  amount  of  heat  rejected,  by  multiplying  this 

quantity  by  the  difference  in  the  sensible  heat  of  the  water  leav- 
ing the  jacket  and  that  entering.  The  third  item  is  obtained  by 

the  method  of  differences;  that  is,  by  subtracting  the  sum  of  the 
first  two  items  from  the  total  heat  supplied.  The  third  item  can 
be  subdivided  by  computing  the  heat  rejected  in  the  exhaust 
gases  as  a  separate  quantity.  The  data  for  this  computation 
are  found  by  analyzing  the  fuel  and  the  exhaust  gases,  or  by 

measuring  the  quantity  of  air  admitted  to  the  cylinder  in  addi- 
tion to  that  of  the  gas  or  oil. 

For  methods  of  making  fuel  and  exhaust  gas  computations, 
see  Chapter  VI. 

XIX.  Report  of  Test.  —  The  data  and  results  of  a  test  should 
be  reported  in  the  manner  outlined  in  one  of  the  following  tables, 
the  first  of  which  gives  a  complete  summary  when  all  the  data  are 
determined,  and  the  second  is  a  shorter  form  of  report  in  which 
some  of  the  minor  items  are  omitted. 

XX.  Temperatures  Computed  at  Various  Points  of  the  In- 
dicator Diagram.  —  The  computation  of  temperatures  correspond- 

ing to  various  points  in  the  indicator  is,  at  best,  approximate. 
It  is  possible  only  where  the  temperature  of  one  point  is  known 
or  assumed,  or  where  the  amount  of  air  entering  the  cylinder 
along  with  the  charges  of  gas  or  oil,  and  the  temperature  of  the 
exhaust  gases,  is  determined. 

If  the  amount  of  air  is  determined  for  a  gas  engine,  together 
with  the  necessary  temperatures,  so  that  the  volume  and  the 
temperature  of  the  air  entering  the  cylinder  per  stroke,  and  that 
of  the  gas  are  known,  we  may,  by  combining  this  with  the  other 
data,  compute  the  temperature  for  a  point  in  the  compression 
curve.  In  this  computation  we  must  allow  for  the  volume  of 
the  exhaust  gases  remaining  in  the  cylinder  at  the  end  of  the 
stroke.  The  temperature  at  the  point  in  the  compression  curve 
where  it  meets  or  crosses  the  atmospheric  line  will  be  given  by 
the  formula: 

491  4  V 
T  =       —  4"W  4        (A\  • 

yrr  +  V"  +  V"" 

where  V  is  the  total  volume  corresponding  to  the  point  where 
the  compression  curve  meets  or  crosses  the  atmospheric  line;  V 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2113



504 

the  volume  of  the  air  at  atmospheric  pressure  entering  the  cylin- 
der during  each  working  cycle,  reduced  to  the  equivalent  volume 

at  32  degrees  Fahrenheit;  V"  the  volume  of  the  gas  consumed 
per  cycle  reduced  to  the  equivalent  at  atmospheric  pressure  and 

32  degrees  Fahrenheit;  and  »V""  the  volume  of  the  exhaust 
gases  retained  in  the  cylinder  reduced  to  the  same  basis.  To 
reduce  the  actual  volumes  to  those  at  32  degrees  Fahrenheit, 

multiply  by  the  ratios  of  491.4-^  (Tf  +  459.4),  where  Tr  is  the 
observed  temperature  of  the  air  and  of  the  gas  used  as  fuel.  For 
the  exhaust  gases  retained  in  the  cylinder  at  the  end  of  the  stroke 

7"  may  be  taken  as  the  temperature  of  the  exhaust  gases  leaving 
the  engine,  provided  the  engine  is  not  of  the  "scavenging"  type. 

Having  determined  the  temperature  of  a  point  in  the  com- 
pression curve,  the  temperature  of  any  point  in  the  diagram  may 

be  found  by  the  equation 

Tl  =  (T  +  459.4)  S^Jl  -  459.4. . . .  (fi). 

Here  Tl  is  the  desired  temperature  of  any  point  in  the  diagram 
where  the  absolute  pressure  is  Pl  and  the  total  volume  Vlf  and 
P  and  V  are  the  corresponding  quantities  for  the  point  in  the 
compression  line  having  the  temperature  T  computed  from  the 
formula  (A). 

Formula  (B)  holds  only  where  the  weight  of  the  gases  contained 
in  the  cylinder  is  constant.  It  is  also  assumed  in  this  formula 

that  the  density  of  the  gas  compared  to  air  at  the  same  tempera- 
ture and  pressure  is  the  same  before  and  after  the  explosion. 

A  second  method  may  be  employed,  provided  the  air  which 
enters  the  cylinder  is  measured.  This  will  allow  for  any  dif- 

ference in  the  density  of  the  gas  before  and  after  explosion,  and 
more  exact  values  for  temperatures  on  the  expansion  eurve  may 
be  obtained  than  by  the  first  method. 

In  this  method  the  density  of  the  exhaust  gases  compared  to 
air  at  the  same  temperature  and  pressure  is  computed,  assuming 
perfect  combustion,  and  including  the  effect  of  the  water  vapor 
present ;  and  from  this  density  the  volume  of  the  gases  exhausted 
per  cycle  is  determined.  If  this  volume  exhausted  per  cycle, 
added  to  the  volume  of  the  gas  retained  in  the  clearance  space 
at  the  end  of  the  stroke,  be  called  V  in  equation  B,  and  T  be  the 
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observed  temperature  of  the  exhaust  gases,  this  equation  may 

be  used  for  determining  the  temperature  of  any  point  in  the  dia- 
gram in  the  way  already  described.  This  method  is  more  com- 

plicated than  the  first,  as  it  involves  the  determination  of  the 
theoretical  density  after  explosion,  but  it  possesses  the  advantage 
that  it  may  be  applied  to  an  oil  as  well  as  to  a  gas  engine. 

A  third  method  of  computing  the  temperature  of  the  various 
points  in  the  diagram  may  be  employed  where  analyses  of  the 
exhaust  gases  as  well  as  of  the  fuel  have  to  be  made.  This  method 
is  more  complicated  than  the  first,  but,  in  common  with  the 
second,  it  possesses  the  advantage  that  it  may  be  applied  to  an 
oil  as  well  as  to  a  gas  engine. 

In  applying  the  third  method  the  volume  of  the  exhaust  gases 
discharged  per  working  cycle  would  be  given  by  the  formula: 

V,  =  ̂(Rw  +  w).  ...(€} 

where  D  is  the  density  of  the  exhaust  gases  at  their  observed 
temperature,  computed  from  the  analysis,  assuming  the  vapor 
of  water  produced  through  burning  the  hydrogen  in  the  fuel  to 
be  in  a  gaseous  state;  R  the  weight  of  the  air  which  enters  the 
cylinder  per  pound  of  fuel  consumed  per  working  cycle;  the  value 
of  R,  providing  there  are  no  unconsumed  hydrocarbons,  may  be 
computed  by  employing  the  formula: 

7?  =  NC  m\ 

.33  
" 

where  N,  CO2  and  CO  represent  the  proportions,  by  volume,  of 
the  several  constituents  of  the  exhaust  gases,  and  C  the  weight 
of  carbon  consumed  and  converted  to  CO2  or  CO  per  pound  of 
fuel  burned,  computed  from  the  analysis  of  the  fuel  and  of  the 
exhaust  gases. 

Having  determined  the  volume  V2  of  the  exhaust  gases, 
formula  (B)  may  be  used  in  computing  the  temperature,  in  which 
case  T  will  represent  the  temperature  of  the  exhaust  gases  as  in  the 
second  method,  P  the  pressure  of  the  exhaust,  and  V  the  volume 
of  the  exhaust  gases  F2  discharged  per  stroke,  added  to  the  volume 
of  the  gases  retained  in  the  cylinder  at  the  end  of  the  stroke. 

The   value  of  R  given  in  equation   (Z))  is  approximate,  on 
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account  of  the  fact  that  the  percentage  of  N  should  be  that  due 
to  the  air  alone,  and  not  that  due  to  the  air  in  addition  to  that 
contained  in  the  fuel  gas.  Where  extreme  accuracy  is  desired, 
the  value  found  for  R  may  be  used  to  determine  the  percentage 
of  N  .which  in  the  analysis  of  the  exhaust  gases  is  due  to  the  N 
in  the  fuel  gas,  and  this  value  may  be  subtracted  from  the  total 
N  shown  by  the  analysis  of  the  fuel  gases,  in  order  to  obtain  the 
correct  value  of  N  to  be  used  in  equation  (C). 

TABLE  NO.  1 

DATA  AND  RESULTS  OF  TEST  OF  GAS  OR  OIL  ENGINE 

Arranged  according  to  the  Complete  Form  advised  by  the  Engine  Test  Com- 
mittee, American  Society  of  Mechanical  Engineers.     Code  of  1902 

1 .  Made  by   of      
on  engine  located  at      
to  determine   

2.  Date  of  trial   
3.  Type  of  engine,  whether  oil  or  gas      

4.  Class  of  engine  (mill,  marine,  motor  for  vehicle,  pumping,  or  other)   

5.  Number  of  revolutions  for  one  cycle,  and  class  of  cycle   

6.  Method  of  ignition   

7.  Name  of  builders   
8.  Gas  or  oil  used   

(a)  Specific  gravity            deg.  Fahr. 
(6)   Burning  point      
(c)  Flashing  point   

9.  Dimensions  of  engine : 
1st  Cyl.         2d  Cyl. 

(a)  Class  of  cylinder  (working  or  for  compressing 
the  charge)   

(6)  Vertical  or  horizontal   
(c)  Single  or  double  acting   
(rf)  Cylinder  dimensions   

Bore         in. 
Stroke         ft. 
Diameter  piston  rod      in. 
Diameter  tail  rod     in. 

(e)  Compression  space  of  clearance  in  per  cent  of 
volume  displaced  by  piston  per  stroke.  . 

Head  end   
Crank  end   
Average      

(/)  Surface  in  square  feet  (average)     
Barrel  of  cylinders      
Cylinder  heads   

.  Clearance  and  ports   
Ends  of  piston   
Piston  rod      , 
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(g)  Jacket  surfaces  or  internal  surfaces  of  cylinder 
heated  by  jackets,  in  square  feet   

Barrel  of  cylinder   
Cylinder  heads   
Clearance  and  ports    

(h)  Horse-power  constant  for  one  Ib.  M.  E.  P.,  and 
one  revolution  per  minute   

10.  Give  description  of  main  features  of  engine  and  plant,  and  illustrate  with 
drawings  of  same  given  on  an  appended  sheet.  Describe  method  of 
governing.  State  whether  the  conditions  were  constant  throughout 
the  test. 

Total  Quantities 
1 1 .  Duration  of  test          hours. 
12.  Gas  or  oil  consumed      cu.  ft.  or  Ibs. 
13.  Air  supplied  in  cubic  feet       cubic  feet. 
14.  Cooling  water  supplied  to  jackets   
15.  Calorific  value  of  gas  or  oil  by  calorimeter  test,  determined 

by   calorimeter          B.  T.  U. 

Hourly  Quantities 
16.  Gas  or  oil  consumed  per  hour      cu.  ft.  or  Ibs. 
17.  Cooling  water  supplied  per  hour            Ibs. 

Pressures  and  Temperatures 
18.  Pressure  at  meter  (for  gas  engine)  in  inches  of  water            ins. 
19.  Barometric  pressure  of  atmosphere: 

(a)  Reading  of  height  of  barometer   
(b)  Reading  of  temperature  of  barometer      deg.  Fahr. 
(c)  Reading  of  barometer  corrected  to  32°  Fahr            ins. 

20.  Temperature  of  cooling  water: 
(a)  Inlet         deg.  Fahr. 
(6)  Outlet   

21.  Temperature  of  gas  at  meter  (for  gas  engine)   
22.  Temperature  of  atmosphere : 

(a)  Dry-bulb  thermometer   
(b)  Wet-bulb  thermometer       " 
(c)  Degree  of  humidity    per  cent. 

23.  Temperature  of  exhaust  gases     deg.  Fahr. 
How  determined   

Data  Relating  to  Heat  Measurement 
24.  Heat  units  consumed  per  hour  (Ibs.  of  oil  or  cu.  ft.  of  gas  per 

hour  multiplied  by  the  total  heat  of  combustion)        B.  T.  U. 
25.  Heat  rejected  in  cooling  water: 

(a)  Total  per  hour   
(b)  In  per  cent  of  heat  of  combustion  of  the  gas  or  oil 

consumed         per  cent. 
26.  Sensible  heat  rejected  in  exhaust  gases  above  temperature 

of  inlet  air: 
(a)  Total  per  hour        B.  T.  U. 
(6)  In  per  cent  of  heat  of  combustion  of  the  gas  or  oil  con- 

sumed        per  cent. 
27.  Heat  lost  through  incomplete  combustion  and  radiation 

per  hour: (a)  Total  per  hour        B.  T.  U. 

(b)  In  per  cent  of  heat  of  combustion  of  the  gas  or  oil  con-* 
sumed  •  •  • ,   ,   ,        per  cent. 
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Speed,  Etc. 
28.  Revolutions  per  minute               rev. 
29.  Average  number  of  explosions  per  minute   

How  determined   
30.  Variation  of  speed  between  no  load  and  full  load               rev. 
31.  Fluctuation  of  speed  on  changing  from  no  load  to  full  load 

measured  by  the  increase  in  the  revolutions  due  to  the 
change. 

Indicator  Diagrams 
1st  Cyl.         2d  Cyl. 

32.  Pressure  in  Ibs.  per  sq.  in.  above  atmosphere: 
(a)  Maximum  pressure    
(b)  Pressure  just  before  ignition   
(c)  Pressure  at  end  of  expansion   
(d)  Exhaust  pressure      

33.  Temperatures  in  deg.  Fahr.  computed  from  diagrams: 
(a)  Maximum    temperature    (not    necessarily    at 

maximum  pressure)   
(b)  Just  before  ignition   
(c)  At  end  of  expansion   
(d)  During  exhaust   

34.  Mean  effective  pressure  in  Ibs.  per  sq.  in   

Power 

35.  Power  as  rated  by  builders: 
(a)  Indicated  horse-power           H.  P. 
(b)  Brake      

36.  Indicated  horse-power  actually  developed: 
First  cylinder     
Second  cylinder     

Total   
37.  Brake  H.  P.,  electric  H.  P.,  or  pump  H.  P:,  according  to  the 

class  of  engine      
38.  Friction  indicated  H.  P.  from  diagram,  with  no  load  on 

engine  and  computed  for  average  speed   
39.  Percentage  of  indicated  H.  P.  lost  in  friction        per  cent. 

Standard  Efficiency  Results 

40.  Heat  units  consumed  by  the  engine  per  hour: 
(a)  Per  indicated  horse-power        B.  T.  U. 
(b)  Per  brake  horse-power   

41.  Heat  units  consumed  by  the  engine  per  minute: 
(a)  Per  indicated  horse-power   
(6)   Per  brake  horse-power   

42.  Thermal  efficiency  ratio: 
(a)  Per  indicated  horse-power        per  cent. 
(b)  Per  brake  horse-power   

Miscellaneous  Efficiency  Results 

43.  Cubic  feet  of  gas  or  Ibs.  of  oil  consumed  per  H.  P.  per  hour: 
(a)  Per  indicated  horse-power   
(b)  Per  brake  horse-power   

Heat  Balance 

44.  Quantifies  given  in  per  cents  of  the  total  heat  of  combustion 
of  the  fuel: 
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(a)  Heat  equivalent  of  indicated  horse-power           per  cent. 
(6)  Heat  rejected  in  cooling  water   
(c)   Heat  rejected  in  exhaust  gases  and  lost  through  radia- 

tion and  incomplete  combustion      
Sum  =  100 

Subdivisions  of  Item  (c): 
(cl)  Heat  rejected  in  exhaust  gases   
(c2)  Lest  through  incomplete  combustion      
(c3)  Lost  through  radiation,  and  unaccounted  for      

Sum  =  Item  (c)   

Additional  Data 

Add  any  additional  data  bearing  on  the  particular  objects  of  the  test  or 
relating  to  the  special  class  of  service  for  which  the  engine  is  to  be  used.  Also 
give  copies  of  indicator  diagrams  nearest  the  mean  and  the  corresponding 
scales.  Where  analyses  are  made  of  the  gas  or  oil  used  as  fuel,  or  of  the 
exhaust  gases,  the  results  may  be  given  in  a  separate  table. 

TABLE  NO.   2 

Arranged  according  to  the  Short  Form  advised  by  the  Engine  Test  Committee, 
American  Society  of  Mechanical  Engineers.     Code  of  1902. 

1.   Made  by   of 
on  engine  located  at      
to  determine  . 

2.  Date  of  trial      
3.  Type  and  class  of  engine 

4.  Kind  of  fuel  used   ,   
(a)  Specific  gravity         deg.  Fahr. 

(6)  Burning  point       " 
(c)  Flashing  point    " 

5.  Dimensions  of  engine : 
1st  Cyl.     2d  Cyl. 

.(a)  Class  of  cylinder  (working  or  for  compressing 
the  charge)   

(6)  Single  or  double  acting      
(c)  Cylinder  dimensions : 

Bore          in. 
Stroke          ft. 
Diameter  piston  rod       in. 

(rf)  Average  compression  space,  or  clearance  in  per 
cent   

(e)   Horse-power  constant  for  one  Ib.  M.  E.  P.  and 
one  revolution  per  minute   ,   

Total  Quantities 
6.  Duration  of  test           hours. 
7.  Gas  or  oil  consumed      cu.  ft.  or  Ibs. 
8.  Cooling  water  supplied  to  jackets   
9.  Calorific  value  of  fuel  by  calorimeter  test,  determined  by 

.  .calorimeter   .  B.  T.  U. 
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Pressures  and  Temperatures 
10.  Pressure  at  meter  (for  gas  engine)  in  inches  of  water            ins. 
11.  Barometric  pressure  of  atmosphere: 

(a)  Reading  of  barometer      
(6)  Reading  corrected  to  32  degs.  Fahr    " 

12.  Temperature  of  cooling  water: 
(a)  Inlet      deg.  Fahr. 
(6)  Outlet    
(c)   Degree  of  humidity   

13.  Temperature  of  gas  at  meter  (for  gas  engine)  .  .  .   
14.  Temperature  of  atmosphere : 

(a)  Dry  bulb  thermometer   
(b)  Wet  bulb  thermometer   

15.  Temperature  of  exhaust  gases   

Data  Relating  to  Heat  Measurement 
16.  Heat  units  consumed  per  hour  (pounds  of  oil  or  cubic  feet 

of  gas  per  hour  multiplied  by  the  total  heat  of  combus- 
tion)        B.  T.  U. 

17.  Heat  rejected  in  cooling  water  per  hour      

Speed,  Etc. 
18.  Revolutions  per  minute               rev. 
19.  Average  number  of  explosions  per  minute      

Indicator  Diagrams 

20.  Pressure  in  Ibs.  per  sq.  in.  above  atmosphere: 
1st  Cyl.         2d  Cyl. 

(a)  Maximum  pressure    
(b)  Pressure  just  before  ignition   
(c)  Pressure  at  end  of  expansion      
(d)  Exhaust  pressure      
(e)  Mean  effective  pressure     

Power 

21.  Indicated  horse-power: 
First  cylinder             H.  P. 
Second  cylinder     

Total      
22.  Brake  horse-power   
23.  Friction  horse-power  by  friction  diagrams      
24.  Percentage  of  indicated  horse-power  lost  in  friction           per  cent. 

Standard  Efficiency,  and  Other  Results 
25.  Heat  units  consumed  by  the  engine  per  hour: 

(a)  Per  indicated  horse-power        B.  T.  U. 
(b)  Per  brake  horse-power   

26.  Pounds  of  oil  or  cubic  feet  of  gas  consumed  per  hour: 
(a)  Per  indicated  horse-power   Ibs.  or  cu.  ft. 
(b)  Per  brake  horse-power   

Additional  Data 

Add  any  additional  data  bearing  on  the  particular  objects  of  the  test  or 
relating  to  the  special  class  of  service  for  which  the  engine  is  to  be  used. 
Also  give  copies  of  indicator  diagrams  nearest  the  mean,  and  the  correspond- 

ing scales. 
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RULES    FOR    TESTING    GAS    PRODUCERS    AND   GAS    ENGINES.       CODE 

OF   THE   GERMAN   SOCIETY   OF   ENGINEERS  * 

All  metric  units  have  been  transposed  to  English  units 

The  preparation  of  the  following  rules  for  making  gas  engine 
and  producer  tests  was  undertaken  by  a  committee  appointed 
from  the  Verein  deutscher  Ingenieure,  in  collaboration  with  the 
German  Society  of  Engine  Builders,  with  the  view  of  establishing 
definite  general  regulations  governing  such  tests.  It  is  desirable, 
by  specifying  the  important  proportions  of  the  examined  plants 

and  the  conditions  under  which  the  results  were  attained,  to  in- 
sure that  these  results  are  not  only  applicable  to  a  single  case, 

but  that  they  have  general  value.  To  attain  this  end  it  is  neces- 
sary that  all  data  should  be  given  uniformly  according  to  a  code 

of  regulations  such  as  that  here  presented. 

The  execution  of  such  tests  should  be  intrusted  only  to  per- 
sons possessing  the  required  expert  knowledge  and  practical 

experience.  These  persons  must  make  a  trial  plan,  or  schedule, 

appropriate  to  the  individual  case  in  hand,  which,  in  many  in- 
stances, will  not  require  that  all  of  the  investigations  stipulated 

in  the  general  code  are  actually  carried  out.  They  must  further 
examine  the  instruments  for  measuring  or  recording  purposes  as 
to  their  fitness  and  must  compile  the  results.  The  following 
rules,  the  adoption. or  selection  of  which  must  be  l£ft  to  the 
soundness  of  judgment  of  the  investigator,  are  intended  to  serve 
as  a  basis  on  which  to  proceed. 

GENERAL    REGULATIONS 

Object  of  Investigation 

1.  The  object  of  a  test  made  on  a  producer-gas  plant  may  be 
to  determine: 

(a)  The  quantity,  composition,  and  calorific  value  of  the  fuel 
consumed. 

(6)  The  quantity,  composition,  and  heat  value  of  the  gas 
produced. 

(c)  The  degree  of  efficiency  of  the  producer-gas  plant. 
(d)  The  separate  heat  losses  in  the  plant. 

*  Mainly  from  F.  E.  Junge's  translation  in  Power,  Feb.,  1907. 
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(c)  The  quantity  of  impurities  contained  in  one  cubic  meter 
or  one  cubic  foot  of  gas  (dust,  tar,  sulphur,  etc.). 

(/)  The  moisture  contents  of  the  gas. 

(</)  The  water  consumption  of  the  producer-gas  plant,  either 
total  or  in  the  separate  parts. 

(A)  The  mechanical  work  required  for  operating  the  plant, 
including  apparatus. 

(i)  The  duration  of  time  required  for  starting. 

(k)  The  stand-by  losses  during  intervals  of  shutting  down 
day  or  night. 

2.  The  object  of  a  test  made  on  an  internal  combustion  (gas) 
engine  may  be  to  determine: 

(a)  The  indicated  capacity  and  the  effective  output. 
(6)  The  mechanical  efficiency. 
(c)  The    fuel    consumption    and   the    heat    consumption   per 

horse-power  hour. 
(d)  The  consumption  of  lubricants,  separately  for  cylinder 

and  engine. 
(e)  The  consumption  of  water  and  the  heat  conducted  to  the 

cooling  water. 
(/)  The  fluctuations  in  number  of  revolutions. 
(g)  The  composition  of  exhaust  gases. 

NUMBER    AND    DURATION    OF    TESTS 

Admissible  Fluctuations 

3.  The  number  and  duration  of  trials  are  determined  by  the 
purpose  of  the  test  as  well  as  by  a  consideration  of  the  conditions 
of  installation  and  operation,  and  must  be  settled  and  previously 
arranged  according  to  paragraphs  four  to  eight.     For  trials  of 
special  importance  the  results  of  which  are  decisive  for  acceptance 
tests,  for  penalties  or  for  premiums,  this  item  deserves  special 
consideration. 

4.  Acceptance  tests  should  be  made  if  possible  immediately 
after  a  plant  has  been  put  into  actual  operation;  the  manufacturers, 
however,  must  be  granted  a  reasonable  time  for  making  preliminary 
trials  of  their  own  and  for  carrying  out  alterations  or  improvements 
then  necessary.     The  length  of  this  time  and  other  conditions  are 
best  agreed  upon  when  drawing  up  the  delivery  contract. 
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5.  In  order  to  be  able  to  get  acquainted  with  the  operation  of 
the  plant  that  is  to  be  tested,  to  find  time  for  examining  the 
testing  devices  employed,  and  to  break  in  observers  and  assistants, 
it  is  desirable  that  preliminary  trials  be  allowed. 

6.  If  the  fuel  consumption  in  gas  producers  is  to  be  deter- 
mined, the  trial  run  must  be  extended  over  at  least  eight  hours 

under  constant  conditions  and  without  interruptions. 
7.  For  determining   the   consumption   of  liquid   or  gaseous 

fuel  and  provided  the  conditions  are  constant,  it  is  sufficient  for 
the  higher  loads  to  extend  measurements  over  an  hour,  while  for 
finding  the  consumption  at  the  lower  loads,   measurements  of 
even  shorter  duration  are  sufficient.     To  ascertain  the  constancy 
of  the  conditions  the  temperature  of  the  outflowing  cooling  water 
must  be  read  from  time  to  time.     These  rules  as  to  the  duration 

of  the  tests  are  made  with  the  provision  that  no  interruption  or 

disturbance  of  the  trial  takes  place,  and  that  intermediate  read- 
ings show  only  slightly  varying  values  for  the  consumption. 

8.  If  only  the  mechanical  efficiency  of  an  engine  is  to  be 
determined,  trials  of  short  duration  under  constant  conditions 
are  sufficient;  but  at  least  ten  sets  of  indicator  cards  should  be 
taken. 

9.  For  investigations  of  special  importance  at  least  two  tests 
should  be  made,  one  after  the  other.     They  should  be  accepted 
only  if  no  interruptions  occurred  and  if  the  results  show  no  greater 
deviations  than  those  due  to  unavoidable  errors  of  observation. 
The  mean  of  the  two  results  is  to  be  taken  as  the  final  result. 

10.  The  extent  to  which  the  capacity  and  consumption  of 
gas  may  differ  from  the  guarantee  or  contract  figures,  without 
justifying  a  claim  of  breach  of  contract,  is  to  be  clearly  stated 
before  the  tests  (either  in  the  original  contract  or  in  the  schedule 
of  tests).     When  no  other  agreement  has  been  previously  arrived 
at,  the  capacity  guarantee  is  regarded  as  fulfilled  if  the  figure 
obtained  in  the  test  is  not   more    than   5  per  cent   below  the 

value  on  which  the  guarantee  was  based.     This  margin,  how- 
ever, is  allowable  only  for    the    maximum    output    which  was 

promised  beyond  the  guaranteed  continuous  output.     The  latter 
must  be  rendered  by  the  engine  under  all  circumstances. 

The  consumption  of  fuel  and  water  as  determined  on  test 

should  not  exceed  the  guaranteed  figures  by  more  than  5  per  cent 
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even  if,  during  the  trial,  the  engine  load  fluctuated  somewhat 
from  the  load  upon  which  the  guarantee  was  based,  provided 
that  fluctuation  do  not  exceed  an  average  of  ±  5  per  cent  of  such 
load,  or  a  maximum  of  ±  15  per  cent. 

Since  it  is  often  impossible  when  making  tests  to  have  the 

internal  combustion  engine  work  at  exactly  the  effective  (horse- 
power) capacity  on  which  the  guarantee  agreed  upon  in  the  con- 

tract is  based,  it  is  recommended  that  the  agreement  shall  specify 
the  expected  fuel  consumption  for  higher  and  lower  outputs. 
The  same  provision  is  perferably  made  also  with  gas  producers. 

UNITS   OF   MEASUREMENT   AND    DESIGNATIONS 

11.  When  giving  pressure  data  it  must  be  stated  whether 

absolute  pressures  or  gage    pressures    above    or  below  the  at- 
mospheric   are    meant.     Absolute    pressure    equals    atmospheric 

pressure  plus  gage  pressure. 
12.  All   temperature   and    heat    measurements   refer   to   the 

Fahrenheit  scale. 

13.  The  mechanical  equivalent  of  heat  is  taken  at  778  foot- 

pounds. 
14.  The  calorific  value  of  a  fuel  is  to  be  taken  as  its  lower 

heating  value;  that  is,  the  heat  which  is  liberated  by  the  com- 
plete combustion  of  the  fuel  when  the  burnt  products  are  cooled 

down  to  the  original  (room)  temperature  at  constant  pressure,  it 
being  assumed,  however,  that  the  water  of  combustion  and  the 
moisture  contained  in  the  fuel  remain  vaporized.     The  calorific 
value  must  be  based  on  the  unit  quantity  or  weight  of  original 

fuel,   without    deducting  ash,   moisture,  etc.,  and  is  to  be  ex- 
pressed in  heat  units.     For  both  solid  and  liquid  fuels  the  unit 

of  weight  is  the  pound. 
The  heat  value  of  gaseous  fuels  is  based  on  one  cubic  foot  at 

32  degrees  Fahrenheit,  and  760  millimeters  barometer  pressure, 

or  must  be  expressed  in  thermal  units  as  "effective"  heat  value, 
that  is,  reduced  to  one  cubic  foot  of  actual  gas  used.  If  not 
specially  stated,  it  is  always  understood  that  the  heat  value 

recorded  is  that  of  gas  at  32  degrees  Fahrenheit  and  760  milli- 
meters barometer  pressure. 

In  this  country  the  general  standard  so  far  recommended 

seems  to  indicate  for  "standard  gas"  a  temperature  of  60  degrees 
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Fahrenheit,  and  a  pressure  of  14.7  pounds  per  square  inch,  cor- 
responding to  the  usual  atmospheric  pressure. 

15.  The  efficiency  of  a  gas-producer  plant  is  the  ratio  of  the 
latent  heat  contained  in  the  gas  as  produced  to  the  heat  of  com- 

bustion of  the  total  weight  of  fuel  consumed  in  the  plant,  both 

items  being  computed  from  the  lower  heating  value.     In  pro- 
ducer-gas   plants  having  a  separately  fired  steam  boiler,  it  is 

advisable  also  to  determine  the  ratio  of  the  heat  which  is  chemi- 
cally bound  in  the  producer  gas  to  the  heat  equivalent  of  that 

portion  of  the  fuel  which  is  consumed  in  the  producer  proper  for 
making  such  gas. 

16.  The    unit    of    measurement    used    for    the     power    or 

work   output    of   an   internal   combustion  engine   is  the  horse- 
power  equal    to   33000    foot-pounds    per    minute.     It    must   be 

clearly    stated    whether    the    indicated    power,    or    the    useful 
or  available  power,   is  meant. .   If  not  otherwise  designated  it 
is  understood  that  the  figures   refer  to  the  useful  or  available 
output. 

17.  The  indicated  power  of  the  engine,  or  the  indicated  work, 
is  the  difference  between  the  total  power  developed  or  work  done, 
and  the  indicated  power,  or  work,  which  is  consumed  within  the 
engine;   in  short,  the  difference  between   the   positive   and  the 
negative  indicated  power  or  work. 

AUTHOR'S  NOTE.  —  This  is  the  provision  which  caused  considerable  dis- 
cussion among  gas-engine  experts  some  time  ago.  It  means  as  it  stands,  that 

in  a  4-cycle  machine,  the  indicated  horse-power  is  that  determined  from  the 
work  diagram  minus  the  work  shown  by  the  lower  loop  diagram ;  and,  in  a 
2-cycle  engine,  the  total  indicated  horse-power  as  determined  from  the  dia- 

gram of  the  power  cylinder  minus  the  pump  work  is  considered  as  the  indi- 
cated horse-power.  This  view  is  undoubtedly  correct  when  the  mechanical 

efficiency  of  the  engine  itself  as  a  machine  is  to  be  determined. 

The  power  required  at  "  no  load  "  is  the  power  indicated  when 
no  useful  work  is  rendered  by  the  engine. 

18.  Mechanical  efficiency  is  the  ratio  of  the  useful  power  to 
the  indicated  power  of  the  engine. 

19.  All  consumption  figures  should  be  reduced  to  the  hour 
basis,  and  if  they  are  to  be  compared  with  the  output  of  the 

engine  they  must  be  based  on  one  horse-power  hour.     If  not 
otherwise  agreed  upon,  these  data  refer  to  the  useful  or  available 
output  at  full  load. 
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20.  If  the  quantity  of  gas  made  in  a  producer  or  the  weight 
of  fuel  consumed  in  an  engine  is  to  be  measured,  then  all  pipes  or 

ducts  which  are  not  used  in  the  test  must  be  cut  off  from  the  pip- 
ing which  leads  to  the  producer  and  engine  that  are  to  be  tested. 

This  is  best  done  by  means  of  blind  flanges.     The  active  ducts,' 
pipes,  gas  holders,  etc.,  must  be  examined  with  regard  to  leakage 
and  made  tight  if  necessary.     Unavoidable  losses  due  to  leakage 
must  be  determined.     This  holds  especially  for  masonry  gas  mains. 

FUEL   CONSUMPTION   OF   A    GAS-PRODUCER    PLANT 

21.  The  kind,  number,  and  duration  of  tests  must  be  agreed 
upon  according  to  the  general  rules  laid   down  in  paragraphs   1 
to   10. 

22.  The  constructive  features  and  the  operative  conditions 

of  gas-producer  plants  must  be  described  and  illustrated  in  the 
report  by  drawings,  so  far  as  this  is  necessary,  to  arrive  at  a  clear 

understanding  of  the  manner  of  working  and  of  the  results  ob- 
tained. 

23.  Before  making  the  test  the  plant  should  be  examined  as 
to  whether  or  not  it  is  in  good  working  order. 

24.  The  quantity  of  fuel  consumed  in  the  gas  producer  is 
determined  by  taking  the  weight  of  the  fuel  which  is  charged 
into  the  producer  during  the  trials  in  order  that  the  producer  may 

contain  at  the  end  of  the  test  exactly  the  same  amount  of  heat  - 
either  liberated,  or  chemically  bound  in  the  fuel  —  that  it  con- 

tained when  starting  the  test.     To  meet  this  requirement  it  is 
not  sufficient  that  the  depth  of  the  fuel  bed  be  the  same  at  the 

end  as  it  was  at  the  beginning;  it  must  also  be  taken  into  con- 
sideration what  influence  the  ash  and  the  slag  left  in  the  pro- 

ducer, the  location  of  the  incandescent  zone,  the  formation  of 
fissures  and  cavities,  the  closeness  or  density  of  the  producer 

charge,  and  the  chemical  composition  of  the  burning  fuel  par- 
ticles exercise  on  the  heat  contents  of  the  producer. 

In  order  to  comply  with  this  requirement  the  following  rules 
should  be  followed: 

25.  When  starting  the    test    the    plant    should    be    in    the 
condition  of  stability  or  normal  working  condition,  if   possible. 
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This  means  that  after  a  period  of  shut-down  for  cleaning  or 
repairs  it  should  be  in  active  operation  for  one  or  more  days, 
running  on  fuel  of  the  same  characteristics  and  size,  with  the 
same  depth  of  fuel  bed,  the  same  skill  of  attendance  as  regards 
the  charging  or  feeding  of  fresh  fuel  and  the  removing  of  slag, 
and  under  the  same  load  conditions  that  will  obtain  during  the 
test. 

26.  During  the  trial  the  producer  should  be  charged  and  poked 
as  nearly  in  accordance  with  the  requirements  for  attendance  as 

possible.     The  level  of  fuel  charged  must  be  the  same  at  the  be- 
ginning and  at  the  end  of  the  tests  and  should  be  kept  constant 

during  the  trial.     About  half  an  hour  before  starting  and  before 
stopping  a  test,  the  slag  and  ashes  should  be  removed. 

If  it  is  impossible  to  rake  out  the  ashes  during  the  operation  of 
the  producer,  the  plant  must  be  shut  down  immediately  after 
stopping  the  test,  the  ashes  must  be  taken  out  at  once  and  the 
producer  refilled  up  to  the  same  level  that  existed  when  starting 
the  test.  The  weight  of  fuel  used  for  this  purpose  must  be  added 
to  the  consumption. 

27.  The  fuel  consumed  during  the  trial   must   be  weighed, 
also  the  fuel  which  has  not  been  burnt  and  remains  useful;  that 
is,  that  portion  which  drops  down  from  above  the  grate  while 
raking  out  the  ashes,  and  that  which  is  culled  out  from  the  ashes 
as  unburnt.     The  weight  of  the  former  may  be  deducted  from 
the  consumption,  but  not  the  amount  which  is  taken  out  from 
the  ashes,  nor  the  coal  dust  which  accumulates  in  the  scrubbers 
and  in  the  flues  between  the  producer  and  the  engine. 

28.  To  be  able  to  determine  the  quantity  of  ash  and  slag 
produced  during  the  trial,  the  ash  box  must  be  emptied  before 
the  test.     If  this  is  not  possible,  as  when  an  inclined  grate  is 
used,  the  refuse  in  the  ash  box  must  be  equalized  before  and  after 
the  run. 

29.  The  stand-by  losses  during    intervals  of  shutting  down 
at  day  and  night  must  be  determined. 

30.  In  order  to  get  a  representative  sample  of  the  solid  fuel, 
the  following  course  may  be  pursued:  Of  every  carload,  basket, 
or  other  measure  of  fuel,  put  a  shovelful  into  a  covered  receptacle. 
Immediately  after  the  test  is  over,  the  contents  of  the  receptacle 
should  be  broken,  mixed,  spread  and  quartered  by  drawing  the 
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two  diagonals  of  a  square.  The  two  opposite  quarters  are  re- 
jected, the  two  others  broken  up  finer,  mixed  and  quartered, 

and  the  two  opposite  quarters  rejected.  This  is  continued  until 

a  sample  of  some  10  to  20  pounds  remains,  which  is  preserved, 

in  well-closed  receptacles,  for  analysis.  In  addition  to  this  a 
number  of  other  samples  must  be  put  away  in  air-tight  receptacles 
for  use  in  determining  the  contents  of  moisture  in  the  fuel. 

31.  The   composition    of   the    fuel   shall   be   determined    by 
chemical  analysis.     Its  contents  in  carbon  (C),  hydrogen  (H), 
oxygen  (O),  sulphur  (S),  ash  (A),  and  water  (W)  must  be  given 
in  percentage  of  weight  referred  to  the  original  fuel.     The  con- 

tents, in  the  fuel,  of  nitrogen  (N)  can  be  disregarded.     The  be- 
havior of  the  fuel  when  being  heated  should  be  determined  by 

a  coking  test. 

32.  The  calorific  value  of  the  fuel  must  be  determined  by 
calorimetric    analysis.     An    approximate    determination    of    the 

heating  value  can  be  made  on  the  basis  of  the  chemical  analysis 

by  employing  De  Long's  formula: 

Heating  value  =  145  C  +  522.3  ( H  -   £)  +  40  S  -  9.66  W 
\          8/ 

in  which  C,  O,  H,  S,  and  W  are  expressed  in  weight  per  cent. 

TESTING   AN   INTERNAL-COMBUSTION    ENGINE 

33.  Kind,  number,  and  duration  of  trials  to  be  agreed  upon 
according  to  the  general  regulations  Nos..  1  to  8. 

34.  The   constructive   features   and   operative   conditions   of 
the  engine  must  be  so  illustrated  in  the  report  as  to  enable  one 

to  form  a  correct  idea  of  the  manner  of  working  and  of  the  re- 
sults   of    operation.     Especially    important    are    the    type    and 

capacity  of  engine,  diameter  of  cylinder  and  piston-rod,  piston 
stroke,  contents  of  clearance  space,  and  other  essential  dimen- 

sions; the  normal  rate  of  revolution  and  the  admissible  fluctua- 
tions; kind  and  heat  value  of  fuel  for  which  the  engine  is  intended. 

The  diameter  of  the  cylinder  and  the  stroke  should  be  actually 
measured  if  this  is  possible. 

The  contents  of  the  compression  space  are  preferably  deter- 
mined by  filling  with  water.  If  it  is  impossible  to  state  the 

cubical  contents  of  the  compression  space,  then  the  compression 
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pressure  at  full  load  should  at  least  be  given.     This  is  done  by 
taking  an  indicator  card  while  the  ignition  is  interrupted. 

35.  Before  making  the  test  the  engine  must  be  examined 

internally  and  externally  as  to  whether  or  not  it  is  in  good  work- 
ing order. 

36.  The  number  of  revolutions  of  the  engine  should  be  deter- 
mined by  a  continuous  speed  counter,  the  records  of  which  must 

be  noted  at  certain  intervals,  and  must  be  checked  or  corrected 
from  time  to  time  by  direct  readings.     If  the  speed  conditions  of 
the  engine  are  to  be  investigated  it  is  essential  to  determine  the 
following  items: 

(a)  The  number  of  revolutions  under  constant  conditions  at 
maximum  load  and  at  no  load. 

(6)  The  fluctuations  in  speed  at  constant  load. 
(c)  The  temporary  change  in  the  number  of  turns  when  the 

load  is  suddenly  decreased  or  increased  from  a  given  constant 
load  by  a  prescribed  amount.  These  determinations  can  be 

executed  with  apparatus  of  the  character  of  the  Horn  tacho- 
graph. The  fluctuations  of  speed  during  the  performance  of  one 

engine  cycle  above  and  below  the  mean  value,  expressed  in  parts 

of  the  latter,  should  be  determined  by  calculation  unless  other- 
wise provided. 

The  coefficient  of  fly-wheel  regulation  is 

o     -tVmax.         -t*min.     n  I  •**  max.         -tVminA 

•**  max.  ~r  -tVmin.  V-^Vmax.  T  -<Vmin./ 

where  N  =  number  of  revolutions. 

37.  The  useful  output  can  be  determined  either  by  brake  test 
or  by  electrical  measurement. 

The  dimensions  and  weight  of  the  brake  should  be  determined 
before  the  trial. 

The  electrical  measurements  can  be  made  on  a  generator 

directly  coupled  to  the  gas  engine.  The  useful  work  is  com- 
puted from  the  output  of  the  dynamo.  The  efficiency  of  the  gen- 
erator should  be  determined  by  one  of  the  methods  as  laid  down 

in  the  "  Rules  for  Judging  and  Testing  Electrical  Machinery  and 
Transformers,"  published  by  the  association  of  German  electrical 
engineers.  If  the  efficiency  is  found  approximately  by  measuring 
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the  determinable  losses,,  then  an  adequate  amount  (say  2  per 
cent  of  the  full  load  output)  must  be  allowed  for  losses  not 
accounted  for. 

The  apparatus  with  which  the  electrical  measurements  are 
executed  must  be  calibrated  before  and  if  possible  also  after  the 
test. 

Whether  anything  besides  the  2  per  cent  above  allowed  should 
be  credited  to  the  gas  engine  for  increased  bearing  friction  and 
windage  of  the  generator  must  be  settled  in  each  individual 
case. 

Whether,  in  case  the  useful  output  can  neither  be  determined 
by  brake  test  or  by  electrical  measurements,  the  code  provision 
for  testing  steam  engines  can  be  admitted  as  correct  for  gas 
engines,  namely,  to  designate  the  useful  output  as  the  difference 
between  the  indicated  work  at  any  load  and  the  indicated 
work  at  no  load,  cannot  be  settled  at  the  present  state  of 
development,  since  results  of  accurate  investigations  are  not  yet 
available. 

38.  Indicators  must  be  connected  immediately  to  the  com- 
bustion   chamber   without    employing    long    piping    with   sharp 

bends,  and  one  indicator  must  be  provided  for  every  combustion 
chamber.     For  this    purpose   each   compression   chamber   must 

have  an  opening  for  three-quarter  or  one  inch  Whitworth  thread. 
The  same  holds  true  for  pump  cylinders. 

The  indicators  and  their  springs  must  be  calibrated  before  and 
after  the  test  according  to  the  accepted  standards. 

39.  During  the  test,  cards  should  be  taken  quite  frequently 
from  every  combustion  chamber  and  from  the  pump  cylinders. 
The  cards  should  be  designated  by  numbers,  and  the  time  when 
each  card  was  taken,  the  scale  of  springs  used  and  the  number 
of  single  cards  obtained  must  be  recorded  on  the  cards.     At  least 
five  diagrams  should  be  taken  on  one  card  successively.     From 
time  to  time  diagrams  indicated  with  a  weak  spring  should  be 
taken  from  the  combustion  chambers. 

The  indicated  work  at  no  load  should  be  determined  imme- 
diately after  stopping  the  main  test  and  while  the  engine  is  still 

warmed  up  ready  for  operation.  Care  must  be  taken  that  the 

no-load  cards  are  not  taken  during  an  acceleration  or  during  a 
retardation  period  of  the  fly-wheel. 
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ANALYSIS  OF  THE  GAS  GENERATED  IN  A  PRODUCER-GAS  PLANT  OR 

CONSUMED  IN  AN  INTERNAL  COMBUSTION  ENGINE,  OR  OF  THE 

LIQUID  FUEL  USED 

40.  The  samples  for  the  chemical  analysis  of  the  gas  must  be 
taken  during  the  trial  at  regular  intervals  and  as  frequently  as 

possible. 
They  must  be  either  analyzed  on  the  spot  or  preserved  in 

glass  tubes  closed  by  melting  the  ends.  The  analysis  is  to  deter- 
mine, in  per  cent  of  volume,  the  contents  of  the  gas  in  carbon 

monoxide  (CO),  carbon  dioxide  (CO2),  hydrogen  (H2),  marsh 
gas  (CH2),  heavy  hydrocarbons  and  oxygen  (O2). 

In  addition  it  is  recommended  to  determine  the  contents  of 

sulfur.  The  gas  samples  should  be  taken  from  the  gas  main 
between  the  cleaning  apparatus  and  the  engine. 

41.  The    heat    value   of   the   gas   should   be   determined   as 
often  as  possible  by  calorimetric  analysis,  and  the  burner  of  the 

calorimeter  should  be   fed   from   the  gas    main   without    inter- 
ruption.     In    suction    producer    plants    this    can    be    done    by 

means  of  a  gas  pump  drawing  from  the  main.     If  conditions 
should   make   it    necessary  that    a  sample  be   taken  from  the 
pipe   while    the    calorimeter    is    shut    off,   such    sample    to   be 
later  transferred  to   and  burned   in   the  calorimeter,  then  the 
quantity  of  gas  so  taken  should   not   be   less  than  300   liters 
(10.59  cubic  feet),  in  order  that  the   calorimeter  may  at  first 
be  brought  into  the  condition  of  stability  as  regards  the  water 
of   combustion,    and    in   order    that    at    least    100   liters    (3.53 
cubic  feet)  remain  available  for  two  successive  analyses.     The 
suction  pump,  the  gas   holder  and  the   piping  must  be  made 
tight  with  special  care  when  making  a  calorimeter  analysis  of 
suction  gas. 

42.  The  gas  meter  of  the  calorimeter  in  which  the  heat  value 
of  the  gas  is  determined  must  be  calibrated.     For  determining 
the  temperatures  of  the  calorimeter  water,  only  thermometers 
with  calibration  certificates  or  others  compared  with  such  should 
be  used.     The  scales  must  be  divided  at  least  into  tenths  of  a 

degree. 
On  the  basis  of  the  chemical  analysis  the  heating  value  per 

standard  cubic  foot  of  gases  which  do  not  contain  heavy  hydro- 
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carbons    can    be    computed  from    the    following    formula,  if  a 
calorimetric  analysis  cannot  be  made 

Heating   Value  =  3.42   CO  +  2.97   H2  +  9.52   CH4 

where  CO,  H2  and  CH4  are  expressed  in  volume  per  cent. 
43.  The  quantity  of  gas  produced  or  consumed  should  be 

measured  by  means  of  a  gas  holder  or  a  gas  meter.     The  cross- 
sectional  area  of  the  holder  should  be  determined  by  measure- 

ment of  its  circumference  at  several  places.     Consumption  tests 
with  the  gas  holder  shall  not  be  made  while  the  latter  is  exposed 
to  the  sun. 

44.  The  gas  meter  must  be  calibrated  and  set  level;  it  must  be 
so  filled  that  the  water  level  corresponds  to  the  normal  filling 
existing  during  calibration.       Between  the  gas  meter  and    the 
engine  a  pressure  regulator  must  be  installed  or  a  large  suction 

space  provided  so  that  the  water  level  shows-only  small  pulsations 
during  the  pressure  fluctuations. 

45.  At  intervals  corresponding  to  the  duration  of  test  the 
following  readings  should  be  taken:  Position  of  the  bell  of  the 
gas  holder  at  three  places  or  the  records  shown  by  the  gas  meter; 
the  pressure  in  the  bell  or  in  the  gas  meter;  the  temperature  of 
the  gas  when  entering  and  when  leaving  the  gas  holder  or  the 
gas  meter  and  before  reaching  the  engine;  the  barometric  pressure. 

46.  If  the  temperature  of  the  gas  is  different  when  measuring 

the  consumption  than  when  measuring  the  heat  value,  the  com- 
putation must  also  take  into  account  the  increase  of  volume 

which  is  due  to  the  moisture  contents  of  the  gas  at  higher  tem- 
peratures. 

47.  The  consumption  of  liquid  fuel  must  be  determined  either 
by  weight  or  by  measuring  its  volume.     For  determining  heat 

value,  composition,  and  specific  weight  of  the  fuel  one  representa- 
tive average  sample  is  sufficient. 

48.  When  measuring  the  fuel  consumption  of  internal  com- 
bustion engines,  the  consumption  of  lubricating  oil  for  the  cylinder 

should  be  determined  at  the  same  time. 

49.  If  the  consumption  at  low  loads  of  a  double-acting  tan- 
dem or  twin  engine  is  -to  be  determined,  it  is  not  allowable  to  shut 

off  the  gas  from  one  or  more  ends  of  the  cylinders,  provided  that 
no  other  arrangements  have  been  previously  agreed  upon  and 
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are  mentioned  in  the  report,  or  that  the  governor  acts  automati- 
cally in  the  way  described. 

EXPLANATIONS   TO    VARIOUS   ARTICLES    OF   THE    CODE 

The  main  code  is  followed  by  a  number  of  explanations  from 
which  the  following  extracts  are  taken.  The  figures  refer  to  the 
paragraphs  of  the  above  code. 

1  &2 

In  most  cases  only  one  or  two  of  the  objects  of  test  mentioned 
are  taken  into  account  in  any  given  trial.  If  in  any  exceptional 
case  the  object  of  the  test  should  not  be  any  of  those  mentioned, 
it  should  be  a  simple  matter  to  adapt  the  rules  given. 

Under  2  (c)  the  term  horse-power  hour  is  used.  It  is  essential 
that  in  any  given  trial  this  term  be  more  closely  defined,  as  horse- 

power may  mean  indicated  brake,  or  even  horse-power  developed 
by  pumps. 

4 

It  is  extremely  desirable  that  the  contract  state  the  time 
allowed  the  manufacturer  for  adjustment  and  trial  runs,  because 
his  own  interests  may  make  him  call  sometimes  for  a  long, 
sometimes  for  a  short  period.  In  the  case  of  a  small  engine, 
more  or  less  a  commercial  stock  machine,  he  may  wish  to  have 
the  period  as  short  as  possible,  and  this  the  buyer  may  agree  to 
without  danger  of  loss  to  himself.  If,  however,  the  machine  is 
of  a  special  type,  or  one  provided  with  special  attachments,  it  is 
but  a  matter  of  justice  to  allow  the  manufacturer  a  reasonable 

time  in  which  to  break  in  the  engine  and  to  give  him  an  oppor- 
tunity to  correct  any  imperfections  that  may  appear.  It  is  to 

the  interest  of  the  buyer  to  grant  such  a  period  in  order  to 
become  familiar  with  the  machine  before  taking  over  the  entire 
responsibility  of  operating  it.  It  is  also  true  that  many  faults 
appear  only  after  some  weeks  of  operation. 

On  the  other  hand,  too  long  a  period  of  adjustment  is  in  many 
cases  not  acceptable  to  the  buyer,  because  any  extended  work  of 
improvement  usually  seriously  hampers  operation;  and  because 
in  many  cases  he  desires  an  operative  machine,  which  no  longer 
requires  the  care  of  the  manufacturer,  as  soon  as  possible. 

It  frequently  happens  that  no  acceptance  test  is  agreed  upon. 
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In  such  cases  it  sometimes  happens  that  the  buyer  comes  back 
upon  the  manufacturer  for  faults  which  did  not  develop  until 
the  machine  had  been  in  operation  some  time. 

If  the  manufacturer  then  agrees  to  an  investigation  or  a  test, 
a  sufficient  period  should  be  given  him  to  make  any  investigation 
he  sees  fit  or  to  correct  any  imperfections  that  may  have  appeared 
before  the  decisive  trial  or  investigation  is  made.  This  sometimes 

leads  to  a  simple  settlement  of  the  matter  in  that  the  manufac- 
turer discovers  that  ignorance  or  carelessness  on  the  part  of  the 

operator  have  caused  the  imperfections  complained  of.  The 
granting  of  such  a  period  also  guards  the  buyer  against  any  later 
claim  of  the  manufacturer  that  during  the  trial  the  machine  was 
not  in  the  condition  in  which  he  delivered  it. 

Preliminary  tests  are  always  desirable,  but  not  absolutely 
necessary.  The  cost  of  any  kind  of  investigation  is  usually  quite 
high  and  of  course  the  cost  increases  directly  with  the  time. 
The  expert  called  will  therefore  make  such  tests  when  they  seem 
to  him  essential.  But  the  manufacturer  should  have  the  right 
to  call  for  the  time  necessary  for  such  trials  if  he  is  to  present 
the  machine  in  its  best  condition. 

It  cannot  be  denied  that  eight  hours  is  a  rather  short  time, 

because  it  is  extremely  difficult  to  determine  whether  the  pro- 
ducer is  in  the  same  condition  at  the  end  as  at  the  beginning  of 

the  test,  and  because  this  uncertainty  may  lead  to  large  errors. 
On  the  other  hand  it  is  unquestionable  that  in  many  cases  a  longer 
time  would  call  forth  so  many  difficulties  in  operation  that  eight 
hours  would  seem  the  necessary  limit. 

The  rule  is  mainly  framed  to  prevent  trials  of  so  short  dura- 
tion that  serious  errors  can  hardly  be  avoided,  but  it  leaves  it 

to  the  judgment  of  the  experimenter  whether  to  make  the  tests 
longer  than  eight  hours  where  it  seems  desirable  and  is  possible 
to  do  so. 

7 

Intermediate  readings  are  recommended  without  qualification, 

since  they  form  the  best  criterion  of  the  constancy  of  conditions, 
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With  liquid  or  gas  fuels  of  constant  composition,  individual 
readings  every  five  minutes  apart  sometimes  show  no  variation 
for  hours  at  a  time.  In  such  a  case  it  is  useless  to  extend  the 
time  of  the  trial. 

8 

In  determining  the  mechanical  efficiency  of  an  engine  it  should 

not  be  forgotten  that,  although  the  average  load  may  be  con- 
stant, there  may  be  speed  variations  due  to  the  inevitable  in- 

equality of  the  indicator  diagrams,  so  that  during  some  cycles  work 

is  done  in  accelerating  the  fly-wheel,  while  during  others  the  fly- 
wheel by  retardation  gives  up  some  of  its  kinetic  energy. 

To  minimize  any  error  that  this  may  introduce  into  the 
determination  of  the  mechanical  efficiency,  at  least  ten  diagrams 
should  be  taken. 

If  the  conditions  are  otherwise  constant,  however,  it  is  not 
necessary  to  spread  these  diagrams  over  any  considerable  period 
of  time. 

It  is  self-evident  that  during  the  time  of  taking  the  diagrams 
the  supply  of  lubricating  oil  must  not  be  increased. 

Changes  in  the  mechanical  efficiency  of  the  engine,  as  for 
instance  those  due  to  fouling,  cannot  be  detected  with  certainty 
even  by  a  long  test  period;  they  become  noticeable  usually  only 

after  a  period  of  operation  extending  over  two  weeks.  The  de- 
termination of  the  mechanical  efficiency  of  an  engine,  after  con- 

stant conditions  of  operation  are  attained,  therefore  only  applies 
to  the  engine  in  its  then  existing  state  or  condition. 

The  number  of  diagrams  to  be  taken  on  one  card  cannot  be 
definitely  stated.  On  account  of  variation  in  the  diagrams, 
which  is  less  at  high  than  at  low  loads,  care  should  be  had  not  to 
take  too  few.  On  the  other  hand  it  is  useless  to  take  more  than 

can  be  clearly  distinguished.  The  running  together  of  a  larger 
number  of  diagrams  only  makes  their  evaluation  more  uncertain. 

10 

In  consideration  of  unavoidable  errors  of  observation,  possible 
errors  of  the  instruments  used,  etc.,  it  is  meet  and  usual  to  allow 
a  certain  margin  between  the  figures  found  on  trial  and  those 
guaranteed.  In  the  steam  engine  code  5  per  cent  is  allowed  for 
this,  and  it  seems  reasonable  to  assume  the  same  figure  in  this 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2135



526  INTERNAL  COMBUSTION  ENGINES 

case.  Only  in  one  point',  in  the  guaranteed  normal  capacity, 
does  the  gas  engine  call  for  an  exception. 

A  given  steam  engine  gives  its  most  economical  results  at  a 

certain  cut-off,  but  a  higher  capacity  can  always  be  obtained  at 
the  expense  of  a  little  economy,  that  is,  a  buyer  is  certain  that 

even  a  machine  slightly  too  small  will  give  him  sufficient  ca- 
pacity. A  gas  engine,  on  the  contrary,  works  with  the  greatest 

economy  at  its  maximum  load.  Jt  is  to  the  interest  of  the  buyer, 
therefore,  to  get  an  engine  exactly  suited  to  his  needs  and  not  to 

choose  it  too  large.  It  is  possible  for  the  same  reason  that  any 
engine,  if  lacking  slightly  in  guaranteed  capacity,  may  become 
absolutely  useless  to  the  buyer.  For  these  reasons  it  was  thought 
advisable  not  to  grant  the  manufacturer  any  leeway  whatever 
as  regards  guaranteed  capacity. 

It  is  clear,  therefore,  that  the  manufacturer  must  take  upon 
himself  any  possible  inaccuracies  in  the  measurements,  unless  he 
can  show  them  up  and  demand  a  new  trial.  For  that  reason  it  is 
well  for  him  to  make  his  guarantee  a  little  on  the  safe  side  of  what 
he  knows  his  engine  is  capable  of  developing.  On  the  other  hand, 

there  is  no  harm  done  to  the  interest  of  the  buyer  if  the  manu- 
facturer underrates  the  normal  capacity  of  his  machine,  because 

the  former  will  always  call  for  an  engine  of  a  certain  normal 
capacity  to  suit  his  needs.  If  he  fails  to  do  this,  but  places  his 
dependence  in  the  guaranteed  maximum  capacity,  he  is  open  to 
the  charge  of  carelessness. 

Since  during  acceptance  tests  it  is  often  not  possible  to  keep 
the  load  quite  constant,  it  became  necessary,  following  the  steam 
engine  code,  to  allow  a  certain  amount  of  variation,  within  which 
no  just  cause  could  be  found  for  objection  to  the  trial.  There 
are  cases  where  the  variations  occurring  are  much  greater,  as 
when  a  gas  engine  is  used  for  driving  a  roll  train.  But  no  one 

set  of  "Rules"  can  possibly  take  into  account  all  such  extreme 
cases,  and  in  such  instances  the  contract  should  contain  the 

necessary  agreements  to  make  any  test  clear  and  free  from  sub- 
sequent objections. 

The  wish  has  been  expressed  from  several  quarters,  that  the 

"Rules"  should  contain  a  definition  of  the  term  "Normal  Ca- 

pacity." On  account  of  the  peculiarity  of  the  gas  engine  above 

discussed  this  is  not  quite  feasible.  But  the  term  "  Maximum 
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Continuous  Capacity"  perhaps  defines  most  nearly  what  is  in- 
tended in  most  cases. 14 

It  is  sometimes  the  case  that  the  heating  value  of  the  stand- 
ard cubic  foot,  that  is,  reduced  to  32  degrees  Fahrenheit  and 

760  mm.  barometer,  is  so  greatly  different  from  the  actual  value 
of  the  gas  as  used,  that  any  contract  which  contains  only  the 
heating  value  of  the  gas  stated  on  that  basis  does  not  convey 

much  meaning  to  the  non-technical  buyer.  If  for  instance  a 
given  gas  has  a  heating  value  of  135  B.  T.  U.  per  standard  cubic 
foot,  its  effective  heating  value  at  a  high  altitude  and  in  a  warm 
climate,  say  at  68  degrees  and  620  mm.  barometer,  will  only  be 

about  100  B.  T.  U.  per  cubic  foot.  To  obviate  any  misunder- 

standing, it  should  be  clearly  stated  that,  when  the  "effective" 
heating  value  of  the  gas  is  not  definitely  specified,  the  heating 
value  at  32  degrees  Fahrenheit  and  760  mm.  barometer  is  meant. 

19 

By  "full"  load  is  meant  the  normal  capacity,  as  per  para- 
graph 10. 23 

For  acceptance  tests,  and  all  other  tests  which  are  intended 
to  decide  any  disagreements  between  manufacturer  and  buyer, 
such  examination  should  be  carried  out  in  the  presence  and  with 
the  aid  of  the  former,  as  already  mentioned  under  paragraph  4. 

24-26 

In  all  gas  producer  tests  it  is  hardly  possible  with  certainty  to 

have  all  conditions  exactly  the  same  at  the  end  as  at  the  begin- 
ning. But  since  any  difference  in  the  beginning  and  end  con- 
ditions may  lead  to  considerable  error,  which  can  only  be 

equalized  by  excessive  length  of  test,  the  "Rules"  are  intended 
to  operate  to  the  end  that  such  errors  are  not  in  any  way  magni- 

fied by  the  method  of  test.  Hence  the  detailed  statement  in  the 

regulations. 27 

Since  in  actual  operation  the  fuel  in  the  ash  or  the  coal  dust 
in  the  gas  mains  are  hardly  ever  utilized,  no  correction  should 
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be  made  for  these  on  any  trial.  In  order,  however,  to  prevent 
the  results  from  being  influenced  by  insufficient  cleaning  of  the 

producer,  any  fuel  which  falls  out  from  above  the  grate  dur- 
ing the  cleaning  period  may  be  subtracted  from  the  amount 

charged. 
35 

See  explanation  under  23. 
37 

A  brake  test  of  a  large  engine  is  in  some  instances  not  possible, 
and  in  any  case  a  matter  of  considerable  cost.  In  many  cases, 
however,  the  larger  gas  engines  are  either  direct  connected  to  a 
generator  or  to  some  other  power  consumer,  as  a  blowing  cylinder. 
In  the  former  case  electrical  measurements,  from  which  the 

effective  horse-power  may  be  determined,  are  easily  made.  In  the 
latter  case  the  capacity  guarantee  will  in  most  instances  be  based 
upon  the  performance  of  the  power  consumer,  as  for  example 
the  air  compressed  by  the  blowing  cylinder.  Outside  of  engines 
of  this  type,  however,  there  still  remain  many  cases  in  which  it 
would  be  of  the  utmost  value  to  have  some  means  of  determining 
the  effective  capacity,  and  it  should  not  be  forgotten  that,  even 

in  the  case  of  medium-sized  machines,  a  braking  of  the  engine  at 
the  place  of  erection  is  often,  on  account  of  local  restrictions,  very 
difficult.  The  problem  has  been  solved  for  steam  engines  by 

assuming  that  the  difference  between  the  indicated  horse-power 
at  any  load  and  the  indicated  horse-power  at  no  load  is  the  effec- 

tive or  useful  horse-power.  It  is  quite  possible  that  in  many 
cases  this  is  not  quite  correct,  but  the  method  is  very  generally 
accepted  and  followed. 

On  account  of  the  great  overload  capacity  of  the  steam  engine, 
a  small  error  in  this  respect  does  not  mean  a  great  deal.  But  the 
case  of  the  gas  engine  is  quite  different.  The  data  on  hand  does 
not  warrant  the  application  of  the  same  method  to  the  gas  engine, 
and  the  consequences  of  an  erroneous  conclusion  are  much  more 
serious  on  account  of  the  lack  of  overload  capacity. 

For  these  reasons  one  is  compelled  in  some  cases  to  omit  the 

determination  of  the  effective  capacity  altogether  and  to  be  con- 
tent with  the  determination  of  the  indicated  power  only.  It  is 

recommended  in  such  cases  that  the  mechanical  efficiency  be  not 
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assumed  too  high  and  that  any  guarantees  regarding  fuel,  etc., 

also  be  based  upon  the  indicated  horse-power. 
It  is  sometimes  possible  to  brake  an  engine  on  the  test  floor 

of  the  factory.  The  mechanical  efficiency  may  thus  be  previously 
determined  when  it  is  known  that  no  brake  test  can  be  made  in 

the  final  place  of  erection. 39 

The  number  of  diagrams  to  be  taken  during  any  given  test 
cannot  be  definitely  specified.  Much  depends  upon  the  length 
of  test,  and  the  decision  may  be  left  to  the  judgment  of  the 

experimenter. 
It  is,  however,  always  recommended  that  a  bundle  of  diagrams, 

instead  of  only  one,  be  taken  on  every  card.  Thus  a  series  of 
diagrams  are  obtained,  while,  if  only  a  single;  diagram  is  taken,  it 
is  possible  to  hit  upon  the  same  diagram  in  the  series  a  number 

of  times.  (See  under  extract  8.) 

The  work  of  fluid  friction,  that  is,  the  lower-loop  diagram, 
cannot  be  determined  with  certainty  from  the  full  indicator 

cards.  It  is  best  for  that  reason  to  ignore  the  loop  when  deter- 
mining the  positive  work  and  to  find  the  negative  work  from  special 

weak  spring  diagrams. 
48 

The  measurements  of  the  quantity  of  lubricating  oil  used  is  of 
importance  in  smaller  engines,  because  the  fuel  consumption  can 
be  favorably  influenced  by  a  copious  supply  of  the  lubricant. 

49 

If  under  low  loads,  only  one  end  of  the  cylinder  is  allowed  to 
work,  the  fuel  consumption  would  be  much  lower.  But  since 
this  is  not  generally  done  in  operation,  the  results  would  be 
erroneous.  If,  however,  the  governor  during  operation  shuts  off 
the  individual  cylinders  or  cylinder  ends,  as  the  load  drops,  this 
is  of  course  also  permissible  during  a  test. 
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CHAPTER  XVII 

THE    PERFORMANCE    OF   GAS    ENGINES   AND    GAS    PRODUCERS 

1.  As  indicated  in  the  rules  for  testing,  the  very  great  ma- 
jority of  tests  of  engines  are  made  to  determine  capacity  and  fuel 

consumption.     In  some  special   cases,   as   with  engines  driving 
generators,   tests   are   also   sometimes   made   of  the    regulation. 
These  three  tests  together  take  care  of  what  may  be  termed  the 
commercial  side  of  testing.     All  other  tests  are  special  in  that 
they  are  not  often  executed  in  an  acceptance  test,  but  form  in 
most  cases  the  object  of  scientific  or  laboratory  investigation. 

Such  investigations  are  in  many  instances  very  valuable,  and 
have  served  to  throw  a  flood  of  light  on  the  somewhat  complex 
cylinder  actions  of  the  internal  combustion  engine.  It  was  thus 
found  that  the  temperature  of  the  cylinder  walls,  i.e.,  the  cooling 
water  conditions,  piston  speed,  ignition,  proportion  of  mixture, 
compression,  etc.,  all  had  a  more  or  less  marked  effect  upon 
engine  performance.  In  the  following  the  results  obtained  and 
the  conclusions  drawn  by  various  experimenters  concerning  the 
effect  of  these  various  factors  are  briefly  set  forth. 

The  main  bulk  of  this  work  has  been  done  by  Witz  in  France, 

Slaby  and  E.  Meyer  in  Germany,  and  Burstall  and  others  in  Eng- 
land. In  spite  of  the  fact  that  none  of  these  investigations  are 

open  to  serious  objection  on  the  score  of  inaccuracy,  the  con- 
clusions arrived  at  are  not  always  in  accord.  This  is  undoubtedly 

due  to  the  complexity  of  the  cylinder  actions,  and  the  inter- 
dependence of  the  various  factors  entering  the  problem. 

2.  Cooling  Water  Conditions  and  Piston  Speed.  —  It  is  rea- 
sonable to  suppose  that  the  higher  the  wall  temperature  of  the 

cylinder,   i.e.,   the  smaller  the  temperature   difference   between 
mixture    and    wall   and  the  greater  the   piston    speed,   cutting 
down  the  time  of  exposure,  the  smaller  the  loss  to  the  jacket. 

The  heat  thus  saved,  however,  may  go  in  two  directions:  either 
530 
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a  greater  thermal  efficiency  is  shown,  resulting  in  greater  power 
developed  for  the  same  expenditure  of  heat,  or  the  heat  saved 
from  going  into  the  jacket  is  lost  in  the  exhaust. 

Witz,  upon  the  basis  of  his  experiments,  comes  to  the  former 

conclusion,  and  says  "The  action  of  the  jacket  is  the  great  regu- 
lator of  combustion  phenomena."  He  summarizes  his  results  as 

follows : 

1.  The  efficiency  increases  with  the  piston  speed  and  with  the 
temperature  of  the  surrounding  walls. 

2.  The  combustion  of  explosive  mixtures  is  the  more  rapid 
the  greater  the  speed  of  expansion  and  the  hotter  the  cylinder 
walls. 

The  work  of  Slaby  and  of  Meyer,  however,  seems  to  contro- 

vert these  conclusions.  Some  of  Slaby's  tests  show  that  while 
the  gas  consumption  per  horse-power  hour  decreases  somewhat 
with  an  increase  in  the  piston  speed,  there  is  an  increase  in 
the  consumption  with  a  rise  of  jacket  water  temperature.  The 

following  table  of  figures,  quoted  by  Schottler  from  some  of  Meyer's 
tests,  illustrates  the  point  that  the  heat  saved  from  the  jacket 

by  higher  piston  speed  may  go  to  the  exhaust,  leaving  the  ther- 
mal return  practically  unaffected. 

MEAN 

EFFECT- 
HEATING 
VALUE  OF 

WORK 
DONE  BY 

EXHAUST HEAT  DISTRIBUTION 

Ratio  of 

Com- 
R.P.M. 

PRESSURE Ratio CHARGE 1  B.T.U. 

IN% 

pression 
No.  1 

sq.  inch 
B.T.U. Ft.  Lbs. 

op 

Work 

Jacket 
Water 

Exhaust 

2.67 187 54.3 7.11 18.5 
140 1022 

18.0 51.2 30.8 
2.67 247 51.7 7.35 17.4 141 1137 18.1 45.6 36.3 
4.32 187 69.3 7.43 17.0 190 867 

24.4 53.8 
21.8 

4.32 247 65.2 7.40 16.8 1S4 
992 

23.7 49.5 26.8 

In  tests  of  this  kind  there  are  one  or  two  simultaneous  actions, 
not  directly  under  control,  which  may  serve  to  modify  the  final 
result  and  account  in  a  measure  for  the  discrepancy  appearing 
in  the  results  above  discussed.  An  increase  in  the  temperature 
of  the  walls  or  an  increase  in  the  piston  speed  both  cause  a  de- 

crease in  the  charge  volume,  the  former  by  heating  the  incoming 
charge  and  decreasing  the  density  of  the  mixture,  the  latter  by 
increased  friction  loss  in  pipes  and  ports.  The  direct  result  of 
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this  is  that  the  effect  of  the  action  of  the  cylinder  wall  upon  the 
leaner  charge  is  proportionately  greater.  Thus  the  beneficial 
effect  of  greater  piston  speed  may  be  partly  annulled  by  the 
relatively  stronger  action  of  the  walls.  Further  it  is  true  that  a 
smaller  charge  weight  means  a  lower  compression  pressure,  and 
the  comparatively  greater  admixture  of  burned  gases  at  high 
speeds  causes  a  less  rapid  combustion.  Both  of  these  actions 

tend  to  decrease  the  efficiency.  There  are  thus  several  antago- 
nistic actions,  and  the  final  result  is  consequently  in  many  cases 

quite  problematical. 
The  net  result  of  an  increase  in  the  cylinder  wall  temperature 

or  of  the  piston  speed,  or  both,  in  an  existing  machine,  is  cer- 
tainly a  decrease  of  maximum  capacity  for  reasons  already 

pointed  out.  Further,  the  effect  of  a  variation  in  the  temperature 
of  the  jacket  water,  while  perhaps  not  quite  so  marked  in  engines 
using  gas,  is  certainly  quite  noticeable  in  liquid  fuel  engines, 
especially  those  using  kerosene  or  alcohol.  It  is  quite  possible 
in  kerosene  engines,  by  running  the  jacket  too  cold,  to  increase 
the  oil  consumption  seriously  by  condensation  of  the  oil  vapor  on 
the  comparatively  cold  cylinder  surfaces.  The  same  holds  true  of 
alcohol.  Thus  hot  walls  are  in  such  cases  of  undoubted  benefit. 

The  limits  to  temperature  are,  of  course,  decrease  of  engine 

capacity  and  danger  of  pre-ignition. 
3.  Compression.  —  The  theoretical  effect  of  increasing  the 

compression,  and  the  commercial  limits  to  this  increase  have 
already  been  discussed  in  Chapter  III.  Much  of  the  increased 
efficiency  of  blast  furnace  and  producer  gas  engines  as  compared 
with  illuminating  gas  and  liquid  fuel  engines  is  directly  due  to 

the  greater  compressions  that  the  former  fuels  can  stand.  The 

above  table  of  Meyer's  results  gives  some  idea  of  the  gain  that 
can  be  made  with  illuminating  gas  by  increasing  the  compression. 

With  a  compression  ratio  of  2.67,  the  average  thermal  efficiency 
was  18.05  per  cent,  with  a  ratio  of  4.32  the  average  was  24.05  per 

,.  24.05  -  18.05 
cent,  a  gain  of  -  —  „  „-          =  3d  per  cent. 

Another  test  made  by  E.  Meyer  *  on  a  10  horse-power  engine, 
which  was  operated  with  illuminating  and  with  producer  gas, 
gave  the  following  results: 

*  E.  Meyer,  Z.  d.  V.  d.  I.,  July  5,  1902. 
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INDICATED  THERMAL  EFFICIENCY 

COMPRESSION  RATIO 

With  Illuminating  Gas With  Producer  Gas 

4.98 27.1 24.4 
4.59 26.5 

23.2 3.84 24.8 21.5 

Here  again  the  beneficial  influence  of  the  higher  compression 
is  marked,  although  the  gain  is  not  so  great  as  in  the  former  case, 
owing  to  the  smaller  change  in  the  compression  ratio. 

Other  instances  pointing  to  the  same  result  can  be  adduced 
without  difficulty.  See  the  next  table  below,  also  by  E.  Meyer, 

who*  has  done  an  immense  amount  of  work  in  the  investigation 
of  gas  engines.  Banki  took  advantage  of  the  principle  in  his 
gasoline  engine,  in  which,  by  using  water  injection,  he  could 
employ  compression  ratios  similar  to  those  used  in  producer  gas 

work  and  realized1  thermal  efficiencies  fully  equal  to  those  ob- 
tained with  the  leaner  power  gases. 

4.  The  Mixture.  —  The  inherent  advantage  of  the  use  of  lean 
mixtures  has  already  been  shown  in  Chapter  III.  Burstall  *  on 
the  basis  of  his  tests  for  the  British  Institution  of  Mechanical 

Engineers,  concludes  that  the  thermal  efficiency  depends  upon 
the  correct  choice  of  the  mixture,  and  that  the  ratio  of  air  to  gas 
should  increase  with  the  compression.  His  results,  however,  do 
not  definitely  warrant  the  latter  part  of  this  deduction,  although 

it  finds  some  support  in  the  above-mentioned  tests  by  Meyer,  f 
as  shown  by  the  following  table: 

Test  No. Ratio  of  Compression Ratio  Air  to  Gas Gas  Consumption  Cu. 

Ft.  per  I.  H.P.-hour 

I}.... 

2.67 6.41 
8.08 

27.1 
25.4 

l\   
 •••• 

3.23 6.38 
8.07 

22.6 

21.6 l\ 
3.87 5.93 

8.29 

20.6 
18.5 

7  I 

4  32 6.00 19.4 8) 
8.35 17.9 

*  Proceedings,  1898,  p.  209.          f  E.  Meyer,  Z.  d.  V.  d.  I.,  1899,  p.  361. 
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This  table  shows  that,  whatever  the  ratio  of  corhpression,  the 
gas  consumption  is  less  with  the  leaner  mixtures.  The  cause  for 
this,  besides  the  theoretical  reason,  may  possibly  be  found  in  the 
fact  that  with  leaner  mixtures  the  maximum  temperatures  in  the 
cycle  are  lower  than  with  rich  mixtures,  always  assuming,  of 
course,  that  the  mixture  contains  no  excess  gas. 

How  the  efficiency  of  an  engine  may  be  affected  by  careless 
setting  of  the  fuel  valve  is  well  shown  in  some  results  quoted 

by  Lucke.*  The  test  cited  is  on  a  10  I.  H.  P.  Otto  engine 
governed  by  hit  and  miss.  The  fuel  used  was  carbureted 
water  gas. 

Gas  Valve  Number 
Efficiency 

9 16.0 
8 16.5 
7 18.0 
6 19.0 
5 .  10.0 

It  is  quite  evident  from  the  figures  that  the  last  setting  wasted 
a  lot  of  unburned  gas,  while  the  leaner  mixtures  were  inefficient, 
probably  due  to  sluggish  combustion.  The  same  thing  was 
noticed  in  a  series  of  tests  on  German  alcohol  engines,  in  which 

it  was  found  that  the  setting  of  the  fuel  needle  valve  had  a  pro- 
nounced effect  upon  the  economy. 

5.  Variation  of  Point  of  Ignition.  —  The  effect  on  the  appear- 
ance of  the  diagram  of  varying  the  point  of  ignition  has  already 

been  discussed.  To  get  some  idea  of  the  influence  of  varying 
time  of  ignition  on  engine  capacity  and  efficiency,  the  following 
figures  are  given.  The  first  set  f  was  obtained  in  determining 

the  range  of  adjustment  of  the  igniter  gear  on  an  8"  x  12"  hori- 
zontal hit-and  miss-engine,  running  265  r.p.m.  on  natural  gas. 

*  Lucke,  Gas  Engine  Design. 
t  Obtained  through  the  courtesy  of  Mr.  A.  B.  Gould,  of  the  Wellman, 

Seaver,  Morgan  Co.,  Cleveland. 
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Card  No. Crank  Angle  below  horizontal 
at  time  of  ignition 

Max.  brake  load  possible 
at  265  R.  P.  M. 

8 

35° 

47    Ibs.  net 
9 

33° 

47     «      " 
10 

32° 

47i    "      " 
11 

24° 

47      "      " 
12 

23° 

44£    "      " 
13 

15° 

44      "      " 

The  accompanying  indicator  cards  are  shown,  much  reduced, 

in  Fig.  17-1.     The  scale  of  spring  was  160  pounds. 

FIG.  17-1. 

The  second  set  of  figures  is  due  to  Mr.  J.  R.  Bibbins,  and  was 
published  by  him  in  the  Michigan  Technic  for  February,  1907. 
They  are  here  reproduced  by  permission  of  the  author,  obtained 
through  Mr.  R.  D.  Day  of  the  Westinghouse  Machine  Co.  The 

tests  were  made  on  a  9  x  11",  2-cylinder  Westinghouse  gas  engine. 
The  load  was  kept  constant  at  about  70  B.  H.  P.,  the  speed  was 
held  constant  at  about  300.  r.p.m.  The  gas  used  was  natural 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2145



536 INTERNAL  COMBUSTION  ENGINES 

gas  with  a  constant  lower  heating  value  of  934  B.  T.  U.  The 

point  of  ignition  was  changed  by  steps  from  dead  center  to  55  de- 
gree crank  angle  ahead  of  the  center,  that  is,  the  spark  was  ad- 

vanced to  that  extent.  The  following  table  shows  the  results: 

i 

Point  of 
Ignition 
Degrees 

Load 
B.H.  P. R.  P.  M. 

Gas  per 
B.  H.  P. 

per  hour 

B.T.  U.  per 

B.  H.  P.- 

Thermal Efficiency 

on  Brake 
Relativt Efficiency 

PRESSURES  LBS. 

per  sq.  inch 
early 

cu.  ft. % Max. Release 

0 70.0 292 14.38 13410 19.0 .815 151 36 

8 70.8 295 13.34 12470 20.4 
.875 168 36 

20 71.0 296 12.36 11530 22.1 
.947 

177.5 33.6 
25 71.0 296 12.3 11490 22.2 .951 220.5 

31.2 
30 71.3 297 11.71 10940 23.3 1.000 

252 

31.2 35 71.3 297 12.03 11230 22.7 .972 252 28.8 

45 71.2 296.5 12.40 11590 21.9 .942 379 28.8 

55 70.0 292 15.74 14700 17.3 
.742 

437 
24.0 

The  results  of  the  test  are  shown  graphically  in  Fig.  17-2. 
The  best  lead  angle  for  the  sparking  gear  appears  to  be  between 

30  and  35  degrees,  in  which  this  test  agrees  closely  with  the  re- 

I  1.1] 
Effect  of  16r  table  fynition 

Point  ot  Tfnition-Df3r«fS  Eartv 

FlG.  17-2. 
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suits  obtained  by  Mr.  Gould  on  a  similar  engine.     Fig.  17-3  shows 
the  typical  indicator  card  accompanying  each  igniter  position. 

6.  Engine  Economy  depending  upon  Load.  —  As  is  the  case 
in  the  steam  engine,  the  efficiency  of  a  gas  engine  decreases  as 
the  load  decreases  below  the  normal.  The  amount  of  this  de- 

crease varies  in  different  engines,  depending  mainly  upon  the 

I8NITIQN   8'e 

IGNITION    20 
IGNITION    25*  I 

IGNITION    JO' £ IGNITION 

IGNITION    45    £ 

FIG.  17-3. 

kind  of  fuel  used  and  the  system  of  governing  employed.  The 

following  set  of  curves,  Fig.  17-4,  makes  this  clear.  Regarding 
the  range  of  load  above  normal,  however,  it  is  found  that,  while 

a  steam  engine  generally  shows  a  decrease  in  efficiency  for  over- 
loads, the  gas  engine  usually  shows  a  greater,  efficiency  at  the 

maximum  load  than  at  the  normal;  in  other  words,  just  as  long 

as  a  gas  engine  keeps  up  the  normal  speed  under  an  increase  in 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2147



538 INTERNAL COMBUSTION ENGINES 

  

  

  

  

  

  

  

      
  

  

  

  

  

  

  

  

  

    
  

  

  

  

  

  

  

                                  

\. ‘ 
\ 
LEA : 
\WA\ | 
RICE 

1 VW YALA 
LE AY AT 7 
VW IAN A z 

VAL AN WALA 2 
LT WY ANAT é ¥ 
LEW AIAMY A oi 
VE TAN AAA 5 

VE TW ACTAAKIA e 
YT AWA A AW A 
VLAN ACTA A 

\L AAT AL AAW 
Y LAND A AMAA f 

VE AAIAL \ 
M \, \ im! 

\ 
\ ML 

#°d°H 3NVYS NO ‘3435 IWWYSHL  

538 INTERNAL COMBUSTION ENGINES 

  

  

  

  

  

  

  

      
  

  

  

  

  

  

  

  

  

    
  

  

  

  

  

  

  

                                  

\. ‘ 
\ 
LEA : 
\WA\ | 
RICE 

1 VW YALA 
LE AY AT 7 
VW IAN A z 

VAL AN WALA 2 
LT WY ANAT é ¥ 
LEW AIAMY A oi 
VE TAN AAA 5 

VE TW ACTAAKIA e 
YT AWA A AW A 
VLAN ACTA A 

\L AAT AL AAW 
Y LAND A AMAA f 

VE AAIAL \ 
M \, \ im! 

\ 
\ ML 

#°d°H 3NVYS NO ‘3435 IWWYSHL  

538 INTERNAL  COMBUSTION  ENGINES 

Petitioner MWE Investments, LLC, et al. 
Exhibit 1003, Page 2148



PERFORMANCE  OF  GAS  ENGINES 
539 

load  the  thermal  efficiency  will  rise  with  the  load.  A  few  typical 
efficiency  curves  are  shown  in  the  figure.  The  data  for  these  has 

been  collected  from  various  sources,  as  shown  in  the  accompany- 
ing table: 

Curve 
No. Type  of  Engine B.H.P. R.P.M. Fuel Governing Reference 

1 Deutz,  Single 50 200 111.  Gas Throttling E.  Meyer, 

Cylinder Gas. 
Z.  d.  V.  d.  I., 

1898. 
2 Westinghouse 100 270 Natural 

Throttling Robertson, 

3-cycl.  Vert. Gas. Mix. 1899. 
3 Deutz. 450 — Producer — Guarantee 

Gas. 
Fig.  for  en- tire plant. 
Josse,  1904. 

4 Guldner,  Single- 35 220 Producer Throttling Guldner,  1906, 

cylinder. Gas. 
for  plant  in- 

cluding 

generator. 5 Nurnberg. 1200 106 

Blast- 

Throttling Riedler, 

Furnace Gas. 
Gross-Gas- 

Gas.  
' 

Maschinen, 

1905. 
6 Swiderski,  Single- 

15 235 
Alcohol. Hit&  Miss. E.  Meyer, 

cylinder. 
Z.d.V.d.I., 

1903. 
7 Deutz,  Single- 

12 285 
Alcohol. Throttling. « 

cylinder. 
8 Diesel. 70 158 Russian Cut-off. 

« 

Kerosene. 
9 Diesel. 8 275 " a 

11 

10 Hornsby-Akroyd 
25 202 Kerosene. Regulating 

Robinson, 

Oil. 
1898. 

11 Banki. 25 210 Gasoline Hit&  Miss. Jonas  and 
with  water 

Taborsky 

injection. 
Z.  d.  Oest. 
Arch.&  Ing 

V.,  1900. 

7.  The  Heat  Balance.  —  Accounting  for  the  heat  furnished 
to  a  heat  engine  is  called  constructing  the- Heat  Balance.  In  an 
internal  combustion  engine  the  heat  supplied  to  the  engine  is  that 
contained  in  the  fuel  furnished  to  the  engine  in  a  given  time. 
For  convenience  all  heat  calculations  are  referred  to  some 

standard  temperature,  usually  room  temperature.  It  is  usual 
to  account  for  the  heat  in  four  separate  items: 

1.  Heat  represented  in  indicated  work. 
2.  Heat  carried  off  in  the  jacket  water. 
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540  INTERNAL  COMBUSTION  ENGINES 

3.  Heat  lost  in  exhaust. 

4.  Heat  loss  due  to  radiation,  conduction,  etc. 
Of  these  the  first  and  second  items  admit  of  accurate  determina- 

tion, the  fourth  is  nearly  always  found  by  difference  between  the 
sum  of  the  other  three  items  and  the  heat  supplied.  Item  three 
is  much  more  difficult  of  exact  determination.  Its  calculation 

involves  the  determination  of  the  weight  of  exhaust  gases  and  of 
the  specific  heat  of  these  gases  at  exhaust  temperature. 

The  only  accurate  way  to  find  the  weight  of  the  exhaust 
gases  is  by  metering  or  otherwise  determining  the  air  supply  to 
the  engine.  The  weight  of  the  exhaust  gases  is  in  all  cases  the 
weight  of  air  plus  the  weight  of  the  fuel. 

There  are  two  other  ways  sometimes  employed,  but  either  one 
can  only  give  approximate  results.  One  of  these  determines  the 
charge  weight  from  the  piston  displacement.  This  involves 

(a)  The  volumetric  efficiency  of  the  suction  stroke,  and 
(6)  Some  assumption  as  to  the  temperature  of  the  charge  at 

the  end  of  the  suction  stroke. 

It  is  possible  to  determine  the  volumetric  efficiency  with  fair 
accuracy  by  means  of  a  weak  spring  card,  but  the  second  point 
offers  much  more  difficulty.  The  charge  at  the  end  of  the  suction 
stroke,  taking  the  case  of  a  gas  engine,  consists  of  a  certain  amount 
of  air,  of  fresh  gas,  and  of  burned  gases  from  the  clearance.  The 

entering  temperature  of  air  and  of  gas  can  be  accurately  deter- 
mined, but  the  temperature  of  the  mixture,  as  it  enters  the  cylin- 

der, changes,  due  to  contact  with  the  hot  walls  and  to  mixing 
with  the  clearance  gases.  Nothing  is  definitely  known  of  the 
weight  of  the  clearance  gases,  for  although  their  pressure  and 
volume  are  known,  nothing  is  known  of  the  temperature.  Hence 
neither  the  wall  effect  nor  that  due  to  the  clearance  gases  can  be 

definitely  gaged  and  all  temperature  computations  therefore 
become  approximate.  The  only  positive  way  of  determining 
the  temperature  at  the  end  of  the  suction  stroke  is  by  actual 
measurement.  This  has  been  successfully  done,  but  the  apparatus 
is  not  such  as  could  well  be  employed  in  ordinary  testing. 

It  must  be  evident,  therefore,  that  piston  displacement  meas- 
urement of  the  weight  of  the  exhaust  gases  can  be  approximate 

only.  To  cite  a  case  in  point,  the  test  of  Brooks  and  Stewart, 

mentioned  in  Chapter  V,  showed  an  actual  ratio  of  air  to  gas  on 
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