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T h e  Indicator, as its  nam e implies, is an  instrum ent for in d ica t
ing and  recording the action of steam  in the cylinder of an  
engine : like so m any  steam  engine devices its  conception was 
due to  the fertile brain of Jam es W att. I t  consists of a m inia
tu re  cylinder to  which steam  is adm itted  and  acts on a piston 
sim ultaneously w ith  th a t in the engine cylinder ; a helical 
spring pressing on the top  of the piston causes it to  re tu rn  as 
the pressure beneath  it  fa lls ; the streng th  of th is spring is p ro 
portioned to  the pressure of steam . A  drum , revolving syn
chronously w ith  the  stroke of the engine, has w rapped round it 
a sheet of paper, technically called a “ card ” ; the turn ing  of 
the drum  is effected by m eans of a string a ttached  to  a recipro
cating p a r t of the engine ; the re tu rn  ro tation  is accomplished 
by  the reaction of a coiled spring w ithin the barrel. If now a 
pencil be fitted  to  the projecting end of the piston rod, and
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440 THE STEAM ENGINE INDICATOR

this, while rising and falling be brought into contact w ith the 
revolving drum , a shoe-like figure will be traced  on the card : 
to increase the vertical height of the figure beyond th a t  due to 
the stroke of the indicator piston, which is short in order to 
m ake the instrum ent co m p ac t; the pencil is carried on the 
end of a lever, parallel m otion or o ther device being fitted  to 
elim inate the error which the versed sine would produce, were 
the pencil to be perm itted  to describe an  arc.

The steam  pipes to the; Ind icator should be as short and direct 
as possible, and  the string for ro ta ting  the drum  flexible, and  
led by easy running grooved pulleys through as few and least 
acute angles as circum stances will perm it. A  special flexible 
wire is m ostly now used for this purpose ; b u t when whipcord is 
the medium of motion, before being applied the first tim e, its 
elasticity should be “ killed ” by  suspending it  w ith weights 
a ttached  to the ends for some time before being p u t into use.

The Ind icator should be kep t clean, b u t n o t necessarily 
polished : scouring brassw ork is a p t to  leave particles of grit in 
the delicate places of the  mechanism  : more especially in the 
cylinder is this detrim ental. The piston is a perfect sliding fit 
in the cylinder, w ith grooves in its  periphery for steam  p ac k in g ; 
a  grain of em ery or bathbrick  therein m ay ruin the instrum ent. 
The external m otions also, if free from  rust, work ju s t as well 
when dull as b r ig h t ; the pressure laid  on by  a heavy hand 
when polishing delicate p arts  m ay slightly d isto rt them , and 
the nex t set of cards come ou t different to  w hat has been usual : 
and  the  engineer wonders w hat has altered  in  the  engines. 
W hen applying the Ind ica to r ; before adm itting  steam  to it, 
the pipes should be blown through ; then  gradually  open the 
steam  cock, and  perm it the piston to  work up and  down a few 
times : the presence of a little  w ater is very  a p t to  b reak  springs 
by  “  w ater ham m er ”  projecting the spring too violently. 
N ext, hook on the cord to  the  drum  a ttach m en t and  bring the 
pencil po int gently in to  contact w ith the paper while the piston 
is a t  rest, th is will trace the atm ospheric line. Open the  steam  
cock to  one end of the cylinder and  again apply  the  pencil, 
when the diagram  for th a t  end will be drawn. Then tu rn  the 
cock open to  the o ther end, and similarly describe its card. I  
hope I  m ay be excused for m aking these simple prelim inary  
rem arks for the benefit of the junior section of our m em bership.

Fig. 1 was taken  from a vertical engine, F  being the  upper, 
and B  the lower card. The spring used is equivalent to  a scale
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of aV'in. per lb. pressure, m easuring the height, from  the a tm o
spheric line on this scale, we get 74 lb s . ; the steam  gauge indi
cated  78 lbs., showing a loss of 4 lbs. between the boiler and 
the engine. Following the perim eter of the  top  diagram , s ta r t 
ing from  a ; the slanting admission line suggests th a t  the valve 
is opening late, a t  b the valve is full open, an d  cut-off occurs a t  
c. S team  is expanding from  c to  d, where release begins to  
take place ; and  exhaust is fully open a t  e. I t  closes a t  /, 
where the steam  rem aining in  the  cylinder is com pressed up to  
the  po int a, where it  is m et by the incoming steam .

M easure 14-7 lb. below the atm ospheric line and  draw  a 
line parallel to  it, th is represents perfect vacuum . The vertical 
d istance P .H . is the gross pressure : A .H . the pressure as 
shown by gauge : and E .H . the effective pressure.

The to ta l effective pressure is the area of the diagram  and is 
found by dividing it by  a num ber of vertical ordinates and  ta k 
ing their average height, this m ultiplied by the length  of card 
gives its area. The m ean pressure is the sum  of the heights 
divided by the num ber of ordinates. F or calculating horse 
power, where both  ends of the cylinder are taken  into account, 
the area as above found, or by m eans of a planim eter, is suffi
ciently accurate : b u t for com parison of work done a t  either end 
of the cyhnder, or where g reat exactitude is required, the heights 
of the ordinates should be m easured from a fixed base, as the
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atm ospheric line ; and  the back pressure m easured from  the 
other card. This is evident when i t  is considered th a t  the 
back pressure affecting the work while the steam  line is being 
draw n, is th a t  caused by the steam  on the opposite side of the 
piston, and  consequently should be m easured from  the diagram  
of th a t  side. In  com pound engines the receiver pressure often 
varies and  makes considerable fluctuations in the  exhaust lines 
of the cards.

On Fig. 1 it will be seen th a t on the top  card exhaust opens 
late  as well as the admission : the bottom  card shows exhaust 
opening earlier and  more cushioning ; lowering the valve a 
little  on the spindle will tend  to  equalize the diagram s. The 
cut-off is effected by a separate expansion valve and  independ
ently  adjusted .

Fig. 2 is from  a horizontal engine fitted  w ith  Corliss 
valve gear. The admission and  exhaust valves are ac tua ted  
by separate eccentrics, and the operations of opening and 
closing are alm ost instantaneous.

F i g . 2.— Scale'5'2 in .  Gauge 60 lbs. Cyl. 16 i n  x 36. Revs. 78. I.H .P . 8 1 4 .

The cut-off occurs a t  xx, the curves are of sm all radius show
ing th a t little  tim e was occupied ha closing the ports. Release 
yy, was accomplished still more suddenly. The compression 
a t  the back end is very sm a ll; i t  is greater a t  the o ther as the 
engine was found to  run  easier by adm itting  it. The hum ps 
on the expansion curves, and  the v ibration  a t  vv were due 
to a weak spring in the indicator.

In  reversing engines ; variations of cut-off w ithin lim its
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can be procured by “ linking up ” . To illustrate this on ideal 
indicator cards, construct a Zeuner’s diagram , viz :—■

D raw  the line A B ,  Fig. 3, to  scale, say equal to travel of valve ; 
on it  describe a circle which represents the p a th  of crank. 
A bout centre 0  describe a circle w ith  radius OL  equal outside 
lap ; and  a sm aller circle 0  I w ith radius equal inside lap.

Fig. 3.—Scale J in. =  1 ft. Travel 6 in. =  4̂ B. Lap 1J in. =  0  L. Inside 
lap |  =  0  I. Lead =  Be.

W ith B  as centre, and  the lead for radius, describe the  arc 
Be. A line draw n tangential to this arc, touching the lap circle,
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and continued to  outer circle, indicates the position of crank a t  
cut-off. Bisect th is and  draw  the line and circle OD.

Lines from the centre, through the intersections of th is and  
the inside lap circle, indicate the points of opening and  closing 
exhaust. Lines dropped from these several positions enable an 
approxim ate diagram  to be constructed.

To dem onstrate the effect of linking up : le t the line sketch 
represent the crank, eccentric, and  link. W hen in “ full gear ” 
the end of the eccentric rod X  is in line w ith  the valve sp in d le : 
suppose the engine is linked in to  the position M .

On the valve diagram  describe the do tted  arc shown, the 
radius being the length of eccentric rod from centre to  centre, 
m ultiplied by half the distance between the centres of eccentric 
sheaves, divided bv the distance between the centres of pins

G X  x C  C'on the link. Referring to  sketch ; radius is

C.Z.
2 X. N .  

X . M .
On this arc take a point Z,  so th a t equals

G.G.  2L. .
Draw

O.Z. and  on th is diam eter describe a new valve circle. A p er
pendicular bisecting this new axis gives the new points of cut-off 
and admission on the one side ; and  an  antipodal circle, w ith 
lines draw n through its intersections w ith the inside lap circle 
gives the new points of exhaust opening and  closing. From  
these a new diagram , shown dotted , m ay be constructed  illus
tra ting  the theoretical effect of “ linking u p ,” approxim ately  
correct.
\ In  m ultiple cylinder engines, the losses between the cylinders
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are shown graphically by combining the diagram s on to  one 
common card. To effect this, the clearances m ust be known, 
which can be roughly estim ated from  the diagram  by  the 
following method.

On the compression curve describe a rectangle, having two 
of its corners resting on the  extrem ities of the curve ; a line 
draw n across the opposite diagonal, continued to  the  P. V. 
line, will m ark  the po in t whence to  erect the perpendicular 
clearance line. Sim ilarly the poin t of cut-off m ay be approx i
m ated  where steam  is wire draw n. D raw  a  horizonta l line cu t
ting  the curve so th a t  the area X  equals th a t  enclosed by  a 
continuation  of the expansion curve Y  : the po in t of in te r
section i  is the cut-off.

The above diagram  was taken  from  an  engine m aking tw enty- 
th ree revolutions per m inute, 8 feet stroke, cu tting  off a t  3 feet ;

F i  T
/S'ra ?e C y t aka .  M P  I H P

H.P. ys-S- 69-1-3.*
J - M T  ? z ” X 8 - JS  >* *  3 2

L.P. 6 Si 6+/-2?
/S'' -r o /X  ?  8

F i g . 5.—Scale jV

the exact po int of cut-off cannot be read  from  the  d iagram  on 
account of the slow m otion of the  valve (Fig. 4).

A practical m ethod of ascertaining the clearance is, to  place 
the piston a t  end of the stroke, close up  the  steam  p ort, then  
fill up through the indicator cock a m easured q u an tity  of w ater, 
from which can be com puted the cubic capacity  of clearance of 
cylinder and  steam  port.

The following is the com bination of the diagram s from  a 
triple expansion engine. The diam eters are 25 in., 4 2 in, and
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68§ in ., and  these squared give the ratios, reduced to  the L .P . 
cylinder, as 1 : 2-82 : 7-5. Draw a line P. V. to  represen t the 
L .P . cylinder, plus its clearance to  a suitable scale : in this 
particu lar engine the clearancos were abou t one-tenth  the 
volume of the cylinders (Fig. 5).

E rec t a perpendicular from P  and  graduate it for pressures, 
s ta rting  from perfect vacuum  ; a t  Atm  draw  the atm ospheric 
line.

Divide P. V. into eleven equal parts, viz. one-tenth for 
clearance, and the rem ainder for the card. E rect ordinates as 
shown.

P. V. is the volume of the L .P . cylinder : above it, a t  corre
sponding pressure, divide a space 2-82 long, to  same scale, for 
the interm ediate cylinder : and  superim posed on this ano ther 
space 11  long, representing the LLP. cylinder plus its clearance. 
These spaces to  be divided by ordinates sim ilar to  th a t of the 
L.P .

F i g . 6 .— Scale 5'0. Gauge 5 8  lbs. Cyl. 4 2  in .  x 4 8  in .  Revs. 7 4 . 
I . H . P .  6 4 1 2 7 .

The diagram s from each of the cylinders having been divided 
into ten  parts, i t  is only necessary to  m easure the height of each 
of the ordinates from a fixed base line and  transfer them  to the 
com bination ; we thus get the H .P . and I .P .  figures shortened 
in proportion to  their volume in relation to  the L.P.

The back pressures m ust be p lo tted  from the  opposite cards 
as already explained, in order to get a correct com bination :



AND ITS DIAGRAM 447

the spaces between the figures show the losses between the cylin
ders ; and  those on the  left, th a t  due to  clearances.

The interm ediate cards, Fig. 6 , exhibit fluctuations of back 
pressure, and  are sufficient to  illustra te  the m ethod of p lo tting , 
so the cards from the  o ther cylinders are n o t reproduced.

F or com parison w ith  an  ideal expansion curve, the hyperbola, 
being a near approxim ation to  the tru e  curve, is often used : 
in the set of diagram s, Fig. 5, the ac tua l expansion is alm ost 
identical w ith  the hyperbolic curve. The effects of re-evapora
tion are shown where the figures slightly overlap the preceding 
ones, showing a  higher pressure th an  th a t  due to  the cylinder 
ju s t exhausted.

The set of cards, Fig. 7, is interesting as being those of the 
pioneer triple expansion m arine engines, and  are probably  the 
las t record ex tan t of Dr. K irk ’s original design.

Fro. 7.—H .P. Scale Gauge 140 lbs. I.P. Scale Gauge 31 lbs.
L.P. Scale TV- Vac. 23 in. Gauge 4 lbs. R evs. 52.

The ss. Propontis m arked an  epoch in m arine engineering, 
being the  first departure from  the two cylinder com pound of 
80 lbs. pressure or thereabouts, which had  held sway for tw en ty
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years and had apparen tly  reaehed finality in efficiency; to 
the m odern m ulti-cylinder high pressure engines.

Here let it  be rem arked th a t  the term s “ com pound, triple, 
and quadruple expansion ” are employed in this paper as popu
larly understood : stric tly  speaking, they  do no t in all cases 
represent the num ber of cylinders or cranks, and  in no case the 
num ber of expansions.

Those engines were built in 1874, b u t a t  th a t  period 
boilers were no t so perfect as they  are n o w ; a serious accident 
in the stokehold, coupled w ith constan t trouble experienced in 
the boilers and  connections, resulted in one engine being u n 
coupled, and the m achinery ran  com pound for the nex t teh

years, the developm ent of higher expansion being re tarded  
un til the quality  of boiler construction caught up  w ith the 
im provem ents in the motor.

These diagram s were taken  in Septem ber, 1894. The engines 
had  been thoroughly overhauled and  altered, b u t the only changes
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which would affect the diagram s were, the ra tio  of the  cylinders 
differed ; and  the H .P . steam  jacket, which orginally consisted 
of its own exhaust was closed up, and  the space left as a dead 
air jacket.

The original cylinder d iam eters were 23 in., 42 in., and  62 i n . : 
the high and  in term ediate cylinders having been lined, and 
the L .P .  bored out, left the diam eters respectively 21 |  in ., 38 in., 
and 62§ in. S troke 3 ft. 6 in. Gauge pressure 140lbs., receivers 
31 lbs. and  4 lbs. R evolutions 52. These engines were 
scrapped a t  Shanghai some years ago ; and  the handsom e 
hulk of the Propontis now serves as a floating warehouse on 
the Y ang-tse K iang.

Fig. 8 shows an  uneven set of cards due to  defective valve 
m otion. The gear is of the radial type, where the m ovem ent 
is taken  from  the connecting rod, there being no eccentrics. 
The m ultip licity  of pins and  bushes is a detrim ental featu re 
in this class of g e a r ; a slight slackness is intensified by the 
system  of levers, producing erratic diagram s. In  illustra tion , 
the L .P . valve shows considerable leakage a t  one end.

A nother exam ple of leaking valve is depicted by  Fig. 9. 
I t  is from  the  L .P . cylinder of a S tem w heeler engine ; 38 in. 
diam eter, 6 feet stroke. The valve was large and  heavy, of 
the D. type, s ituated  on the side of the cylinder, and  the pres
sure on the back was insufficient to  keep it  up  to  the p o rt face.

/v jr 7Z 
I e /$

F ig, 9.— Seale -,V* Gauge 13 lbs. Vac. 27 in. R evs. 1 9 |.

Ind icator diagram s can sometimes deceive. Fig. 10 shows 
serious th ro ttling  on the  top card : y e t the  engines were ru n 
ning well, and  the  consum ption norm al. The upper pipe to  
the indicator was shorter and more direct th an  the lower, and 
was of full bore.
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The unbalanced cards rem ained a m ystery  un til the dis
covery was m ade th a t the spigot of the cylinder cover partly  
closed the steam  passage when in place, thus wire-drawing the

F ig .  10.— Scale A . Gauge 65 lb s .  Cyl. 24 J in. x  30 in. Revs. 65.
I.H .P. 107-36.

steam  as it  entered the indicator. A notch  cu t ou t of the  
spigot opposite the orifice remedied the defect.

Fig. 11 shows the result of nu ts being slack on the slide spindle. 

-------------------------------------------------------------------------

Fig. 11.— Scale | .  Gausje O. Cyl. 57 in. x 32 in. stroke. Revs. Gl. 
Cut-off 21J in. I.H .P. 01. Vac. 23^ in.
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The valve being held motionless on the face during the tim e the 
spindle traversed  the loose distance. W ithou t rem oving the  
ind icator the  valve cover was lifted and  the n u ts  tightened, 
when the  cards depicted by the lower figure was the result.

M ention has already  been m ade of the effect produced on the 
diagram s by  fluctuating back pressures : th is n o t only is gov
erned by the capacity  of steam  receiver, b u t also by the rela-

/? ______  /Vy S K

ft

F i g .  12.— Scale s',. Gauge 05 lbs.

_j4&M________ ___________ ^ ________________ 'I/_______________________________ —

r
Fig. 13.—Scale ,'t . Gauge 165 lbs. Cyl. 28 in. x  54 in. Revs. 60. I.H .P . 570

F ig . 14.— Scale . Gauge 65 lbs. Cyl. 46 in. x  54 in. I.H .P. 802*2.
M 51
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Scale jV  Cyl. diam. 30 in.
Scale /(j. Cyl. diam. 40 in.

Scale Cyl. diam. 60 in. Vac. 23J in. Coals 2'7 lbs. per 1 H .P .
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tion  of steam  adm ittance of one cylinder to  the closing of 
exhaust of another. In  m ultiple crank engines equality  of 
steam  d istribution  is m ost nearly  approached, though mucli 
m ay be a tta ined  by  a correct sequence of cylinders.

The fluctuation of pressure in the receiver of an  expansive 
engine is graphically depicted by Fig. 12. The m otion of the 
drum  was derived from  the I .P .  connecting rod ; the difference 
ha pressure from  the highest po int p , to  the lowest q, m easured 
by  scale is 13 lbs.

The g reatest difference in  back pressure of the H .P . viz. 
P.x. and  P.y. is 15 lbs. M easuring the initial pressures on the 
I .P .  cards. Fig. 14 we find a difference of 11 lbs. The discre
pancies are due to  the diagram s no t being traced  sim ultane
ously, which would have necessitated the use of a num ber of 
indicators ; consequently slight difference of conditions m ight 
prevail, sufficient to  prevent the results appearing identical. 
A nother factor producing difference of reading is th a t  of 
condensation. The gauge pressure in above receiver was 65 
lbs., th is steam  being ad m itted  into a cylinder whose walls 
have been cooled down to a tem perature corresponding to  say, 
5 lbs. above atm osphere, loses a portion by condensation, 
which rapidly  reduces the pressure. The highest pressure 
m easured on above I .P .  cards is 65 lbs. ; b u t this im m ediately 
commences to  fall, showing th a t the receiver is n o t receiving an 
influx of steam  during the  tim e the  p o rt is open. The receiver 
is evidently  too small, and  th is accounts for the  fluctuation of 
pressure as delineated.

To avoid excessive size of receivers and y e t m ain tain  con
s tan t pressures, variations from the  ordinary  sequence of 
cylinders, and  angles of cranks, have been devised : in  triple 
engines, the  sequence H .L .I .  enables a sm aller receiver to  be 
em ployed th an  the  ordinary H .I.L .  as the H .P . steam  is exhaust
ing during p a r t of the  tim e the  I .P .  cylinder is tak ing  steam  ; 
and  similarly the  L .P . thus adding a portion of cylinder capa
city  on each occasion to  th a t of the receiver. Variations from 
the regular crank angles are objectionable for practical reasons.

The set of cards, Fig. 15, are from Quadruple engines, the four 
pistons operating on two cranks 180° a p a r t : each pair of pis
ton  rods being attached  to  the upper apices of a  triangu lar 
connecting rod, the lower apex of which contains the  crank pin 
bushes. The pairs of pistons do no t traverse synchronously 
b u t work independently  as in the ordinary fore-and-aft arrange-
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m e n t ; a peculiarity of this design is th a t, while the stroke of 
the engine is 42 in., the diam eter of crank circle is 36 in.

Scientifically designed as these engines were, they  did  not 
prove in practice to  be particularly  economical, the  consump-

6<0 Coals £

F ig . 16.—Scale T’0. Gauge 79 lbs. Cyl. 27 in. x  60 in. Revs. 56 in. I.H .P . 443.
Scale Cyl. 58 in. x 00 in. Vac. 26 in. I.H .P. 493. Coals 2*05 lbs. 

per 1 H .P. per hour.

tion of coal per I.H .P . being 2f lbs. per hour. A m odern com
pound tandem  engine, whose cards are depicted by Eig. 16, only 
consumed a trifle over 2 lbs. per hour per I .I I .P .  I t  will be 
noticed th a t the compression curves are ex tra  large, more 
cushioning being required in single crank engines th a n  where the 
turning m om ent is spread over a num ber of cranks : the loss 
however proved to be little  as the  working results dem on
strated .

The application of the Ind icator is n o t necessarily confined 
to  steam  cylinders ; it records the  work done by any  gas, or



Fig. 17.—Gauge 60 lbs. Cyl. 14 in. x 18in. Revs. 92, I.H .P . 50.
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even liquids, such as diagram s tak en  from  pum ps. Figs. 17 
and  18 are from the steam  and  air cylinders of two dry-air 
Refrigerating machines. Referring to  Fig. 17 the first d iagram  
is from the steam  cylinder of a machine driving two com- 
pressers and one expander. I t  is a double crank  machine, the 
steam  cylinder and  one compression piston being in line on one 
rod, and  the expansion cylinder and  the o ther compression 
piston on the other.

W hilst steam  is adm itted  a t  a, full open a t  b and  cut-off a t  c, 
air is being draw n into the compressors a t  a ' compressed up 
to  the point b ' and released a t  c T h e  release valves are of 
the mushroom type w ith springs on the back ; these v ib rate  
when pressure is suddenly relieved, thus causing the “ waves ” 
on the diagram , the shocks of compression, transm itted  by  the 
continuous piston rod, account for sim ilar vibrations on the 
steam  diagram .

After compression, the air is conducted into a cooling tower, 
which m ay be regarded as equivalent to  the receiver of a steam  
engine ; whence i t  flows to  the E xpander where it  perform s 
identically the  same d u ty  as steam  ; being adm itted  a t  a , fully 
open a t  b, cut-off a t  c, expanding and  doing work to  d, exhaust 
full open a t  e, and  closed a t  /, leaving a portion of air in the 
cylinder to  create a cushion. In  this cycle of operations the 
compressed air is doing precisely the same work as though it 
were steam  ; returning abou t 40 per cent, of the power to  the 
m achine which wras expended in compression, and  exhausting 
a t  a very  low tem perature.

Fig. 18 is a set of cards from  another machine, fitted  w ith 
one compressor and  expander. The same rem arks apply  : 
the air is here discharging from  the expander a t  50° below zero, 
Fahr. In  both  sets the compressor exhaust falls below the 
atm ospheric lin e ; this m ay be a ttrib u tab le  to  the m om entum  
of the spring carrying the pencil a trifle fu rther th an  its  correct 
distance.

F or convenience of illustration and description, the  cards in 
this paper where necessary, have been divided in to  ten  equal 
p arts  : any  other num ber of divisions would do as w e ll; for 
plotting, or com puting m ean pressures this is near enough ; 
b u t for calculating stresses on the crank  pin, owing to  the 
obliquity  of the connecting rod, the piston moves through 
varying distances for sim ilar angular m ovem ents of c r a n k ; 
and the ordinates should be spaced accordingly. See Fig. 1 ft



AND ITS DIAGRAM 457

The curves followed by expanding gases which are used in 
com paring indicator diagram s, are based on Boyle’s Law, viz.

th a t the pressure of a perfect gas, a t  constan t tem perature, 
varies inversely as its volume. P. V.— Constant. This is
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Isotherm al Expansion, and  the curve is an  hyperbola, which 
is the one ordinarily employed for com parison. In  steam

F i g . 19.— Gauge 80 lbs. Cyl. 40 in . x 96 in .  Revs. 19 per m in .  I.H .P . 357.

engines, the jacket tends to  m aintain constan t tem perature 
in the cylinder, and the discrepancies between the theoretical 
curve, and  th a t  m ade by the diagram s, show the effects of 
condensation and re-evaporation. A diabatic expansion is 
gas expanding w ithout gaining or losing heat. R ankine

deduced this curve, for a perfect gas, to  follow the law P. V. ^

17=  C. and  for sa tu ra ted  steam  P. V. — =  C.
10
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The construction of these curves involves the use of logarithm s : 
in the  equation for sa tu ra ted  steam , the  pressure P  a t  any

volum e V m ay be found thus. P = lo g  c ( -  -- c being the

absolute pressure m ultiplied by  the volum e of H .P . cylinder, plus 
its  clearance, to  po in t of cut-off. A sim pler m ethod is, to  pick 
ou t the volume of one lb. of steam  corresponding to  the  d ifferent 
pressures, from  tables published in engineering pocket books ; 
and  on the  points thus obtained construct the  curve. F o r 
example. Fig. 19. F rom  zero line erect a perpendicular a t  a 
distance to  the righ t of the figure to  em body clearance, say 
rV, and  on i t  m ark  pressures to  scale. A t po in t of cut-off x, 
tick  off a horizontal distance representing the volum e of steam  
a t  th a t  pressure ; 94 lbs. =■ 4' 6 cubic feet.

The n ex t volume, corresponding to  90 lbs. =  4-79; 80 lbs. =  
5-35 ; 70 lbs. =  6 , and  so on until all the  points are obtained ; 
through these draw  the curve. The rap id  fall below the 
theoretical curve observed in  th e  la tte r  half of the stroke is 
due to  the very  early  cut-off : condensation m ust always 
result from  expansion, and  as th is condensed steam  cannot 
exert any  effort on the piston the result is loss.

In  conclusion, it  m ay be well to  call a tten tio n  to  the  differ
ence betw een real and  apparent cut-off. The ap p a ren t cu t
off is th a t  which is obtained by  the ra tio  betw een the portion  of 
stroke sw ept through by the piston a t  the  m om ent when the 
steam  p o rt closes, and  the  to ta l length of stroke. The real cu t
off is the ra tio  betw een the volum e of the  portion  of the cylinder 
where cut-off occurs, plus the  c learance; and  the whole volum e 
of the  cyhnder including the  clearance : the real cut-off is taken  
when calculating the  num ber of expansions.

DISCUSSION.

Mr. J . G. H a w t h o r n  : There is no t a g reat deal of original 
m a tte r in the  diagram s to  illustra te  th e  paper, b u t there are 
one or two po in ts abou t them  which give food for thought. 
W ith  regard to  Fig. 1, I  do n o t th in k  the  au th o r is qu ite  cor
rect, where he describes the  exhaust being fully open a t the
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poin t e, a t least th e  ind icator card does n o t seem to  show it 
to  be so. Looking a t  th e  diagram  we presum e th e  engine 
is full open for exhaust a t  one end of the  cyhnder and  full 
open for admission a t  the  o ther end. W e are shown in th is 
diagram , a t the po in t b, the m ost extrem e left-hand p o in t of 
the card, th a t  the  engine is full open for steam  ; I  cannot 
realize th a t, as being the  case, I  should take  i t  to  be some
where between the points b and  c. Then again, to  be fully 
open for exhaust a t  e, righ t a t the extrem e end of the  card, 
shows the valve to  be extrem ely low down. If th e  card  is 
brought before our notice as an  illustra tion  of the  d istribu tion  
of the steam  when the  valve is low, i t  is perhaps a very  good 
exam ple ; b u t the  au th o r does n o t describe i t  as being for 
this purpose ; he sim ply says “ the  slanting adm ission line 
suggests th a t  the valve is opening la te .” I  will sketch  on the  
blackboard a diagram  to give an  idea of w hat I  consider are 
the points in a typical card.

e

In  reading the ind icator diagram  it  is very  in teresting  to  
see the relative positions of the points. I t  is usually  divided 
in to  eight points. The extrem e left-hand po in t of th e  card  
m ust be the top centre of the engine, because th e  barrel is 
then  a t  the extrem e pull of the  cord, independent of the  shape 
of the card. This being so, i t  cannot be fully  open for steam  
a t the  po in t b.' P resum ing cut-off a t  half stroke, i t  will be 
full open for steam  a t the point c, and the po in t d  im medi- 

1 Fig. 1,'page 441.
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ately  under th a t  in  the  o ther card m ust show full open for 
exhaust. W here it  is full open for steam  on th e  upstro k e  i t  
m ust be full open for exhaust in  the  sam e position a t  th e  top 
side of the  piston. Say the  engine is open for exhaust a t 
e ight-tenths of the  s t ro k e ; if you compress im m ediately  
under th a t  poin t there is no inside lap on the  valve, or if you 
close the exhaust on one side of the  p iston  a t  th e  sam e m om ent 
you open on the opposite side the  valve m ust cover th e  tw o 
steam  ports  and nothing else. The point k, ab o u t n ine-ten ths 
of the  stroke, is w here cushioning s ta rts . The little  triangle 
a t  k  represents the  slowing down a t  each end of th e  stroke, 
and  shows th e  loss of work. W e m ay take  th e  ind icato r 
d iagram  as a graphic representation of the  w ork done in d e
penden t of the  faults of the engine. I  have h ad  some experi
ences of th a t  nature . I  have had  an ind icator card  from  an 
engine which showed a leaky piston, and on overhauling the  
piston we found everything was perfectly  tigh t. W e found 
when tu rn ing  the  engine down from  top  centre to  bo ttom  
w ith  w ater on it, th a t  no t a drop was lost, proving i t  to  be 
t i g h t ; and afterw ards we discovered th e  fau lt shown on the  
diagram  was caused by  th e  p iston  rod being bent. T h a t is 
an instance where no assistance was given by  the  ind icato r 
card. I  m ight m ention ano th er case of a leaky piston. In  
th is case the ind icator diagram  showed a fau lt in th e  steam  
pressure line afte r admission. This is a sketch of th e  card  :

F i g . 2 .

d d  are the  steam  lines and  b b the back pressure lines. There 
was an  ind icator a t th e  top  of the  cyhnder and another a t  the  
bottom , and  we connected the  two indicators by  having two 
barrels worked by  the same cord. T h a t is th e  only w ay in 
which you can ascertain  if the  piston is leaking, as by  th a t
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m eans you can see w hat is going on a t bo th  sides of the piston 
a t  the same instan t. If you inspect the corresponding m arks 
you can tell a t  once if the  cyhnder is leaking, b u t if you take 
i t  off the  same side the  whole of the  tim e, how can you tell 
w hether it  is leaking or no t ? You infer it is a leaky piston 
because you see a rise in  the back pressure line, b u t th e  back 
pressure line is no t a sign because it is on th a t  side of the  piston. 
Therefore you require to  have both  diagram s tak en  a t once. 
This m ethod of having an indicator a t each end of the  cyhnder 
is adopted  very  largely in connexion w ith tria l trips.

Among the  in teresting questions is th a t  of ascertaining 
the  cut-off, and  of course m any of us know th a t  the m ethod 
usually  adopted is th a t  described in Fig. 4, and is given in 
m ost of the  good s tan d ard  works on the  subject. W h at we, 
as sea-going engineers, w ant more th an  anyth ing  else in con
nexion w ith the ind icator diagram , are the inferences to  be 
draw n from it under the actual conditions a t  sea. The paper 
is an  excellent one, especially for the  junior members, and I  
th in k  i t  is w orthy  to  be studied, as there is a g reat deal of 
inform ation to  be derived from  it. On page 453, in reference to 
Fig. 12, the  au tho r says “ the  fluctuation of pressure in the 
receiver of an  expansive engine is there graphically dep icted .” 
He goes on to  say : “ The discrepanies are due to  the  diagram s 
not being traced sim ultaneously, which would have necessi
ta ted  the use of a num ber of indicators ; consequently slight 
difference of conditions m ight prevail, sufficient to  p reven t the  
results appearing identical. A nother factor producing differ
ence of reading is th a t  of condensation.” W hen we see an 
ind icator diagram  from  the  high pressure or in term ediate 
cyhnder, we always notice a rise in the back pressure line abou t 
m id-stroke. I t  is due to  n a tu ra l causes and  cannot be avoided. 
If you do not find a “ hum p ” in  the  hne you will find the line 
sloping steadily tow ards the compression point. “ The reason 
is as follows. Taking the  in term ediate engine, from the  tim e 
you close the  top  steam  p o rt un til you open the  bottom  p o rt 
is abou t half the  stroke of the  engine. D uring tw o-thirds 
of th a t  tim e the  high-pressure engine is open to  e x h a u s t ; it 
is compressing steam  up in  the  interm ediate valve box and 
raising the  pressure, and  on the in term ediate gauge you will 
find fluctuations of from  8 to  10 lb. The pressure is going up 
un til you open th e  bottom  steam  p o rt for admission again. 
I t  is absolutely impossible to  m ain tain  a perfect back pressure
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on a  piston. On the  low pressure piston you can by m aking 
the  condenser tem peratu re  constan t, b u t i t  is n o t possible 
on the  high or in term ediate pistons. B o th  steam  po rts  are 
closed and  there is no release for steam  ou t of the  valve box, 
consequently compression is going on. I t  always seems to  me, 
when there is a s tra igh t back-pressure line, th a t  there  is some
th ing wrong— th a t  is, in  connexion w ith  the  in term ediate  
or high pressure. I  like to  see th e  line rise slowly. A nother 
po in t which is of more value to  engineers is the  balancing of 
the  engine, the  synchronization of the  th ree  parts . The cards 
them selves should be regarded more as a m ethod of ascertain
ing th e  power of th e  engine, W e are so used to  m aking use 
of i t  in  order to  discover fau lts th a t  we neglect the  fac t th a t  
the  ind icator is n o t so m uch for th a t  purpose as for recording 
the  pow er of the  engine and  for com paring i t  w ith  respect 
to  the  displacem ent of the  ship. Use i t  as W a tt used it, for 
m easuring the  power p u t into the  engine, and  com paring th a t 
w ith th e  ac tua l perform ances so as to  see w ha t the  efficiency 
of the  engine really  is. The detection of fau lts is im portan t, 
b u t i t  is a secondary m atter. L e t us take  the  case of a  d ia
gram  in which a difference is m ade in  th e  valve setting , say 
the  valve is half an  inch low. T h at would be shown plainly, 
as in Fig. 3.

F i g . 3.

T hat would be shown very  plain ly  in  such a  m anner as this. 
You would get the  ind icator diagram  representing  the  valve 
being very  low. The sequence can be rem em bered E L L E , 
representing early lead, late cut-off, la te  exhaust, early 
compression, and  for the  o ther card L E E L , late  lead, early 
cut-off, early exhaust [and la te  compression. Looking a t
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these diagram s you will observe th a t  this one has abou t twice 
the  area of th e  o ther, showing th a t  m ost of the  w ork has been 
done on th e  downstroke. T h at engine had  a difficulty in 
getting  over the  top  centre. W hen you have two indicator 
diagram s entirely  dissimilar, i t  is always due to  a fau lt in  the  
valve, and i t  cannot be due to  anyth ing  else. If you have 
two diagram s where all the  faults are the same, it is the  eccen
tric th a t  is wTong. If you have w hat is early in the  one late 
in  j.the other, examine th e  valve and see w hat is wrong 
w ith it. F au lty  valve setting  is a poin t of th e  g reatest im 
portance in  connexion w ith  ind icator diagram s. W hen the  
cards on being taken  off show 10 per cent, more in  the  in te r
m ediate th an  in the  high pressure and 10 per cent, m ore in 
the  low pressure th an  in the in term ediate , th a t  is w hat is to  be 
expected, and the  cards are of Very great im portance under 
these circum stances in helping us to  arrive a t the  correct 
results. Then again i t  will enable you to see the difference 
between th e  gauges and  the  pressure in  th e  cylinders. Take 
another high-pressure card such as in Fig. 4. One m easures 
2 | ,  th e  o ther 2 , giving a m ean of 2 \  ; m ultiply by the  scale,

F i g . 4.

which is, say, ,5*4, and  th a t  gives us a pressure of 144 lb. The 
steam  pressure gauge in the stokehold shows 160 lb. W here 
has th a t  16 lb. of steam  gone to  ? Again the  high pressure 
card gives us, say, 60 lb., and on looking a t  the  interm ediate 
gauge we find it  only shows 50 lb. W here has th a t  10 lb.
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gone ? These are th e  poin ts which are of great im portance, 
b rough t to  our notice by the  ind icator diagram s. W e have 
a rig h t to  expect 155 lb. ou t of the  160 lb .;  th a t  is to  say, 
th ere  should no t be a loss of more th an  5 lb., due to  in itial 
condensation in  the  cylinders.

Mr. Wm. M cL a r e n  : Mr. H aw thorn  has covered so m uch 
ground there is n o t m uch left fo r us to  say, and  it  is som ething 
for the  au th o r to  have produced such a paper and  to  have had  
such a  critic. I  do n o t th in k  we have any  one connected 
w ith our In s titu te  who gives so m uch a tten tio n  as he does to  
expound the  principles and  th e  uses of the  ind icator diagram . 
I  have appreciated  w hat he has said, and  hope th a t  i t  will be 
so grafted  w ith  the  paper th a t  i t  will be more useful to  the  older 
m em bers as well as to  the  jun ior section. The paper is an 
educative one, and  it  brings hom e to m e w hat I  said a t  the 
last A nnual Meeting, th a t  we, as an In s titu te , should collect 
m ateria l for a pocket book for th e  benefit of those who follow. 
I  th in k  it  would be very  in teresting if Mr. H aw thorn  could 
give a lecture on th is subject. I  should also like to  see an  
account of th e  various connexions in  th e  w ay of gear for m ulti
plying or shortening. I  have two indicators, and  now th a t 
we have taken  ou t the  steam  p lan t and  gone in for electrical 
driving I  m ake use of them  for testing  the  boiler gauges ; they  
can be used for steam  gauges or pressure gauges of any  de
scription. I  m ight say I  use them  for 42 in. to  7 in. reducing 
gear. T h a t m eans th a t  each stroke has to  have its  own drum , 
in  the  ro ta tio n  of these indicators. T hey are ra th e r difficult 
to  apply, b u t a fte r getting  in itia ted  in to  th e  use of them  th ey  
seem to  answ er adm irably. T hey are p u t rig h t on to  the 
crosshead, and  there  is r no in term ediate  gear. I  prefer 
them  to  th e  links or any  o th er k ind  of reduction  gear.

Mr. H a w t h o r n  : I  have in  m y possession a  tracing of 
ind icator diagram s, which illustrates one of the  finest examples 
of their value and  use. In  a trip le  expansion engine th e  in te r
m ediate valve broke in  heavy  w eather. The ind icator cards 
are tak en  off th e  th ree cylinders of th e  engine previous to  the  
breakdown. The valve was w ithdraw n and  only th e  valve 
spindle was left in  th e  valve box. The two eccentric rods 
were tak en  down, and ' th e  steam  was led to  exhaust from  the 
high-pressure cyhnder d irect to  the  low pressure. The indi
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cator cards were then  tak en  off and the result was astonishing. 
The power which was developed by the  in term ediate  cylinder 
was split up  equally betw een the high and  low pressure. The 
low-pressure engine had 5 H .P . more th an  high pressure after 
in term ediate valve was taken  out. The steam  was kep t a t 
the same pressure in the boiler, exhausting direct from  the 
high pressure to  the low pressure, and the power was equally 
divided between the  two. I t  is one of the best examples I 
know of, and I  shall be pleased to  give the  tracings of these 
cards.

Mr. J . C l a r k  : I  understand  Mr. W in terburn  is one of our 
m em bers abroad, and I  th in k  we are m uch indebted to  him  
for the trouble he has taken  in  w riting this paper to  p u t before 
us. I t  is one thing to  w rite a  paper and  to  read  it  in  person ; 
i t  is quite another thing to  w rite a paper and send i t  here to 
be discussed. I  th in k  the au th o r deserves a special vote of 
thanks ; i t  is a p ity  we do no t get more papers in  a sim ilar 
m anner. The value of a paper does no t altogether depend 
upon w hat i t  contains ; a good deal of its value m ay be de
rived by w hat it brings ou t in discussion. We have had  some 
very  interesting inform ation abou t indicator diagram s th a t  
we should probably  never have heard  of if i t  were n o t for this 
paper. Of course i t  is som ew hat easy to  criticize a paper. 
All papers are open to  criticism  ; m ost people w rite them  with 
the  idea of eliciting criticism, and if the criticism  is severe a t 
tim es I  do not th in k  th ey  take  any  um brage. Mr. H aw thorn 
told us some very  in teresting things about indicator diagram s ; 
b u t one thing I  noticed, he did no t tell us where the  loss in 
pressure w ent between th a t  shown on the  boiler gauge and 
the  in itial pressure on the  ind icator card. “ The Steam  
Engine Ind ica to r and  its  D iagram  ” is the  title  of th e  paper, 
b u t Mr. W interburn  m ight have to ld  us som ething abou t steam  
engine indicators w ithout diagram s, such as Professor R ip p er’s 
arrangem ent. I  believe this has been used in  connexion 
w ith quick speed engines—th a t is, in the days before th e  tu r 
bine—especially in destroyers, where the  num ber of revolu
tions is so high and the diagram s so small th a t  i t  would be 
com paratively useless to  have the  ord inary  arrangem ent. 
The “ R ipper ” indicators give a m ean pressure continuously. 
Mr. W interburn  rem arks abou t the  spring being proportioned 
to  the pressure of steam , of course we all know th a t, b u t i t  is
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n o t necessarily only p roportioned  to  the  pressure of steam , 
there  is a kind of double proportioning in  the  sense th a t the 
diagram  should be sym m etrical. A po in t also in  connexion 
w ith the  expansion of steam  has no t been touched upon, th a t  
is th e  value of and the w ork to  be gained by  expanding steam . 
A lthough there are inaccuracies in  the  wording of th e  paper, 
none of us need be tak en  unaw ares in  connexion w ith  them  ; 
such as th e  s ta tem en t abou t the  atm ospheric line of 14'7 lb. 
Of course it  m ay, or i t  m ay not, be 14‘7 lb., b u t it  seems to  
me there  are m ore serious th ings in  connexion w ith  th e  paper, 
if I  read  it arigh t, as it appears to  be a m istake in principle. 
Mr. W interburn  deals w ith it  on page 442 but i t  is illustra ted  
b e tte r on page 446 in  connexion w ith the m atte r illustra ted  by 
diagram  6 . I  am  no t quite sure, b u t I  understand  Mr. W inter
b u rn  to  say th a t  when ascertaining the  pow er on one side of the 
piston, back pressure readings from the  o ther side m ust be 
tak en  in to  consideration. T h at I  do no t agree w ith. W hen 
the  steam  is doing work on one side of the  p iston—let i t  be the  
top  side—it does work against th e  back pressure on the  under 
side, plus the  w ork of the  engine. I t  has nothing w hatever 
to  do w ith  th e  back pressure on the  o ther side beyond the  fac t 
th a t  the  engine will tak e  more steam  for a given du ty . A t 
the  same tim e I  am  open to  correction if I  am  n o t reading 
i t  as he in tended  it. Then again, in  connexion w ith th e  sug
gestion for estim ating clearance and  cut-off. So far as I  am  
aw are it  certain ly  does answ er as described on page 444, Fig. 4. 
In  some particu la r diagram s it  will give a correct percentage 
of clearance and  cut-off, b u t i t  depends on the  com pression 
curve, and I  have found diagram s th a t  did n o t agree w ith  the 
m ethod a t  all. In  th is case it appears to  be n o t very  fa r out, 
b u t all d iagram s have n o t th a t  special com pression curve. 
Mr. W in terburn  tells us th a t “ a practica l m ethod for ascer
taining th e  clearance is to  place th e  piston a t  the  end of the 
stroke, close up th e  steam  port, then  fill up  th rough  th e  indi
cato r cock a m easured q u an tity  of w a te r.” I  never knew  any 
one who could do this, and  if it has been done how is i t  possible 
to  know ? As a rule, when engines are placed in  position 
i t  is quite impossible to  adop t the  m ethod suggested. I  th ink  
the  au th o r m ight have enlarged upon th is detail a little  more. 
H e has given a num ber of diagram s, and  in one or tw o instances 
he has given the coal consum ption ; i t  would also have been 
instructive  if he had  given the  steam  consum ption also, and

N N
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the m ethod of calculating the steam  consum ption, showing 
th e  difference between th a t  indicated and the “ missing ” 
quan tity . I t  is always useful to  be able to  refer to  a  paper 
to  find out w hat you w ant, and to  find a lot of things besides 
diagram s th a t you can apply to  cases under your own obser
vation. The au th o r gives particu lars abou t compressors, 
which are very  in teresting ; he m ight also have shown a 
diagram  from an air pum p, they  are no t often published. As 
I  have previously rem arked, although some of the  wording 
of the  paper m ay no t be absolutely correct, it is no t likely 
to  deceive any of us. S trictly  speaking, it is n o t quite correct 
to  say “ A diabatic expansion is gas expanding w ithout gain 
ing or losing h ea t.” I t  is perfectly  righ t in  principle, bu t 
you cannot possibly do work w ithout the  expenditure of heat.

Mr. H a w t h o r n  : I  th ink  it would be better, if possible, to 
prevent the hea t passing out. I  have always defined ad ia
batic expansion as being “ th a t  expansion of steam  where no 
heat passes in or ou t and  the  fall of tem peratu re accounts for 
the  work th a t  is done.”

Mr. C l a r k  : A nother little point the  au th o r m ight have 
touched upon is w ith regard  to  indicators having external 
springs as against those w ith in terna l springs. I  do no t know 
th a t there is very  m uch in it, b u t the in ternal spring seems to 
hold its own, and  apparen tly  both types give us equally good 
results.

Mr. H a w t h o r n  : I  m ight give a sketch of the card one would 
expect to get from an ord inary  reciprocating air pum p.

True Vacuum F ig .  5.
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L et us assum e the sm all air valve to  be placed underneath  
the head valve, showing the effect of the  admission of air 
on the  under side of the  air valve. Most of us have th e  im 
pression w ith regard  to  the  air valve th a t the  air is adm itted  
for cushioning purposes. The air pum p is lifting 2 in. of w ater, 
the  whole of the  w ater form ed from  the steam  cut-off a t half 
stroke. A cubic foot of steam  gives a cubic inch of w ater. 
You should get half the steam  carried, plus the  clearance and 
presum ing the  clearance to  be one-tw elfth of the  volum e th a t 
will give abou t ano ther stroke of the  piston. Condense the 
steam  and you get in. w ater on the  low-pressure piston. See
ing the  air pum p is single-acting you would get 2 in., repre
senting the  whole of the w ater for the  two strokes, m aking the 
air pum p bucket one-third of the  diam eter. You would get
18 to  1 as the volum e ; th a t  m ultiplied by J  in., gives 4 | in. as 
th e  extrem e am ount of w ater in a two-foot stroke. As soon as 
i t  begins to  come down a little  air is adm itted . W hat for ? 
M any th in k  i t  is for cushioning, b u t th a t  is no t so. I t  is to  
assist the  low-pressure engine up, for w ith  the  pressure on the  
air-pum p bucket we should have had  a tru e  vacuum , or nearly  
so, say 28 in. or 29 in., on the  top  side if th a t  air had  no t been 
adm itted . T h a t would be a pull against the  low-pressure 
engine going up ; therefore by  adm itting  the  air you are 
assisting the  low-pressure p iston  up. H ere is a sketch of an 
ind icato r d iagram , showing th a t valve shut.

True Vacuum
F ig . G.

If th e  valve were open th e  d iagram  would be as Fig. 7. 
The m aintenance of th e  vacuum  is due to  the  tem p era tu re
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of the  condenser, and the d u ty  of the air pum p is to  m ake a 
be tte r vacuum  in the  air-pum p cham ber. If there was a fall 
of from 3 ft. 0 in. to  3 ft. 6 in. from  the  bottom  of the  condenser 
to  the  bottom  of the  air-pum p cham ber, the  condenser would

True vacuum —— — — — —  "

F i g . 7 .

drain  itself. A fter the overflow from  the hot well had  been 
closed the  feedw ater would find its  way in to  the  ho t well 
w ithout any  help from the air pum p. The admission of air 
is to  prevent a drag on the low-pressure engine.

Mr. E. S h a c k l e t o n  : The paper to -night is entirely  con
fined to the steam  engine, and  I  do n o t th in k  I  can add  any
thing to  th is highly interesting discussion. The steam  engine 
diagram s are different from  those of the  in terna l com bustion 
engine. I  m ight m ention th a t  in some cases in  connexion 
w ith the  la tte r class of engines the  ind icator is m ade w ith  an 
outside spring—th a t is, for gas engine work. I  m ust say th a t  
the  paper is of a non-controversial natu re , b u t a t  any ra te  it  
has brought forw ard some very  in teresting poin ts from  Mr. 
Hawthorn.

C h a i r m a n  : I  th in k  we m ight urge Mr. H aw thorn  to  give 
a lecture on the Ind ica to r D iagram , and  I  have no doubt it 
will be of g reat in terest if he consents to  do so, as he is an 
au th o rity  on th e  subject.



AND ITS DIAGRAM 471

Mr. H aw thorn  expressed his willingness to  give a lecture, 
m ore especially for the  Ju n io r Section of the  In s titu te  and it 
was decided th a t  it should be given on M onday, Decem ber 12, 
1910.

The Hon. Secretary th en  read  the following com m unication 
from  Mr. W. E. F arenden (Member) :—

Referring to  cards taken  from Cold Air R efrigerator Ma
chines, shown on page 457, Figs. 17 and 18, it should be noted 
th a t  cards to  be relied upon should no t be taken  (especially 
from the compressor) u n til the m achine has been runn ing  long 
enough to  have a tta in ed  its com plete working condition. 
U ntil the  compressor has been running continuously and a t 
full air pressure for some tim e the full tem peratu re  of working 
p a rts  has not been a tta ined , and  cards taken  from a com pres
sor th a t  has only ju st been s ta rted  will give a lower com pres
sion hne, and  a  lower m ean effective pressure, th an  those 
taken  afte r th e  cylinders have been heated  up to  their mean 
working tem perature. This also applies to  the  steam  and 
expansion cylinders. An explanatory  card from an air 
compressor is as shown in Fig. 8 :—

A  B  is the  compression line, B  C the  delivery, C D  re-expan
sion, D A  the  admission hne and X  X  the atm ospheric line. 
In  Fig. 17 the expansion card does not show clearly the  po int 
of cut-off ; th is is definitely shown in the  expansion card of 
Fig. 18. In  the  compressor and also the  expansion cards, 
the line falling below the atm ospheric line is no t good, show
ing a loss, due probably  to  leaky valves. This paper of Mr. 
W in terbu rn ’s is very  instructive and will be m uch appreciated.
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A vote of thanks was accorded to  Mr. W in terburn  on the 
proposal of Mr. H aw thorn , seconded by Mr. Clark.

M r . W i n t e r b u r n  : In  reply to  criticisms forw arded to  me, 
I  have to adm it th a t  it is difficult to  say m uch th a t  is really 
original on such a developed instrum ent as the ind icator ; 
and  the  opening paragraphs are, as s ta ted  in the  paper, 
addressed to  the  junior section of the In stitu te .

All th e  diagram s were taken  a long tim e ago ; m any of 
them  no t by the writer, b u t procured from engineers w ith whom 
he was in contact : consequently only the d a ta  in m any cases 
was recorded which a t the  tim e was considered necessary : 
the diagram s were no t taken  w ith any view of publication ; 
and  are only now utilized to  illustra te  the paper, and  to  prove 
text-book truism s. In  the la tte r case, actual figures got from  
practice are considered preferable to  ideal ones constructed  
to  fit a theory.

I  do no t quite concur w ith all th a t  Mr. H aw thorn says, 
though it m ay be, through no t having the  benefit of seeing 
his sketches, th a t  I  sometimes m istake his meaning. My 
Fig. 1, he says, is a very good example of th e  valve being 
low : just the  opposite was, I  th ink, the fau lt in th a t  instance.

His assertion th a t the po rt cannot be fully open to  steam  
a t the  point b, is contrary  to  w hat is usually tau g h t. G ranting 
th a t the  piston is on the top  centre when th e  pencil is a t the 
extrem e end of the  card  a, there is an appreciable lapse of tim e 
before it begins to  re turn , during which period th e  valve is 
travelling and  opening wider the  port, whilst the line a b is 
being traced.

The answer to  the  question, w hat has become of the steam  
where the  gauge pressures are higher th an  those shown by 
th e  indicator, is th a t  it has been condensed ; and  the  b lank 
spaces between the  theoretical curve and  the ac tua l one 
shown on Fig. 5 exhibit this.

The interesting diagram s m entioned by  Mr. H aw thorn, 
showing the  same horse power being developed by the high 
and  the low pressure engines which had  form erly been produced 
by three engines, induces me to  append the  following set of 
cards.
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Four blades.
I.H .P . 4716 H .P. Engine. 

360 2 L .P .
831-8 Total.

,, 111-4 Difference. 
R evolutions, 61.
Coals, 1-9 lb.
Speed, 10-37.

One blade.
414-8.
283-8.
698.
131.
80 per m inute.
2 lb. per I.H .P . per hour.
8 knots per hour.

The steam er had  a four-bladed cast-iron propeller ; th ree  
of them  broke off close to  the  hub, and  the  vessel traversed  
the  d istance from T hursday  Island  to  Sydney, N .S.W ., by 
m eans of one blade only. The full lines are the  norm al cards 
before the accident, and the do tted  diagram s were taken  
when running w ith th e  one blade.

In  reply to  Mr. C lark’s request for particu lars of th e  “ R ip 
per ” or similar devices ; and  also indicators w ith  ex ternal 
springs : the  la tte r  have the  advantage of perm itting  the 
spring being changed while the  in trum en t is in use, w ithout 
burning the fingers : b u t I  am  no t prepared to  en ter into 
details of m odern innovations and im provem ents, th is can 
be m uch be tte r done by members nearer home.

In  B ritish Columbia, refinem ent of steam  m otive power is
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not asked for, and  economy of fuel is of small account. In 
cinerators are a t  work in  the  h eart of the  large cities of V an
couver and V ictoria consuming fuel to  get it ou t of th e  way : 
saw mills will give you all the  cu ttings you w ant if only you 
will remove it  : th roughout th e  country , steam  p lan ts  are 
devised w ith a view of eating up the  wood as fast as it can be 
pushed through the furnace doors : steam boats gobble up 
a decent-sized p lan ta tion  every trip  : ta rred  wood blocks 
taken  up  from pavem ents are carted  to  the  sea and  dum ped 
overboard : and  miles of forest are always burning to  waste 
during each dry  season.

Indicators, therefore, are rare, and  m y paper was w ritten  
round records which I  had  collected and  preserved before 
coming to  th is country.

I  do no t exactly  grasp w hat inform ation is expected in 
regard  to  diagram s being sym m etrical. The cord operating 
the  revolving cylinder should, of course, be so a ttach ed  to  
the engines as to  produce figures of as nearly  equal length as 
possible : the in itial height of the diagram s should also ap p ro x 
im ate, and  th is is accom plished by using correctly  p ro 
portioned springs. As for the  “ fau lty  sta tem en t ” of the  
atm ospheric line being 14'7 lb. above zero ; as it m ay or m ay 
not be so : this is merely a quibble. We all know th a t  the 
pressure of the  atm osphere varies, and  generally 15 lb. is con
sidered near enough, and  a handier num ber th an  14'7 to  work 
with, though fu rther from the tru th .

Perhaps I  was no t sufficiently lucid regarding back pressure 
(Fig. 6). In  calculating the  work done by the  engine, we have 
to  get the net pressure exerted on the  crank  pin  ; i.e. the  
steam  pressure as indicated, less the  pressure a t  th e  same 
m om ent on the  o ther side of the  p iston  resisting its advance. 
W hen working ou t stresses on the  crank pin, take, for example, 
the  H .P . pair of diagram s herew ith :—



Combine th e  curves A B C  D  and  a b cd, and we get the following 
fig u re :—
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Jo in  A  a  and  D d  to  com plete th e  card .
Any ord inate , say  x y, m easured to  th e  scale of th e  ind ica to r 

spring is the  net pressure on th e  p iston urging it forw ard. 
The pressure is equal on both  sides a t  0, and  beyond th a t,  
the  space enclosed b y  0 D d  is back pressure g reater th a n  th a t  
of th e  expanding steam  on th e  o ther side of th e  piston, and  
the  stroke is com pleted by th e  m om entum  of th e  moving p arts , 
and  the  assistance of the  L .P . engine.

These cards were tak en  from  com pound engines having 
“  Trick ” slide valves ; unfo rtunate ly  I  have no fu rth e r d a ta  
th an  th a t  given ; b u t I  append the  L .P . diagram s, and  would 
like m embers to  discuss them  ; where is th e  point of cut-off 
for instance ?

I  do no t appreciate th e  im possibility of ascertaining the  
clearance by filling the  cyhnder end w ith w ater. If th e  piston 
is tigh t, and  the  steam  port plugged., a known q u an tity  of w ater 
poured in th rough  the ind icator cock will give th e  cubic con
ten ts  of th a t  end of th e  cylinder and  steam  port.
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To calculate the  steam  consum ption : take  a po in t on 
expansion line ju st before release, say d on Fig. 1 in paper. 
Measure the absolute pressure from  P  V line, and  from  a 
tab le  of densities find the weight of a cubic foot of steam  a t 
th a t  pressure ; this, m ultiplied by  th e  cubic conten ts of 
cylinder and  clearance, will give the weight of steam  in th e  
cylinder a t th a t  point. Then take a point m idw ay between 
a and /  on compression curve ; m easure its  absolute pressure 
as before, and get the  weight of a cubic foot from th e  tab le  ; 
m ultiply th is by th e  volume of cylinder and  clearance a t th a t  
end : su b trac t from the  form er result, and  the  difference 
is the weight of steam  used per stroke.

There m ust be a lim it to  the length of a paper (and also to  
th e  reply to  criticism), consequently pum p diagram s were not 
touched upon. I  fear th a t  the  patience of the m em bers will 
be exhausted, and beg to  th an k  all who took so m uch in terest 
in the  subject.

Me. T. A. G a l l o w a y  (Member) has forw arded to  the  In s ti
tu te  a copy of a num ber of ind icator diagram s taken  from the 
s.s. Benvoirlich, which m ay be consulted by m embers interested.


