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THE EFFECT OF PIPING ARRANGEMENTS

" ON THE_ STEAM ENGINE INDICATOR .DIAGRAM.

- - - THE OBJECT OF THE EXPERIMENTS.

Within recent years engineers have teen iInterested in the question of the effect of piping
on the steam engine indicator diagrams, and many experiments have been made by engineers and
engineering students. With but few exceptions It has been agreed that there is a difference
due to different methods of piping to the indicator.

The following experiments were made for the purpose of adding to data already obtained,
and to Ffurnish data on some phases of the subject which have heretofore received but little

attention from experimenters and writers on the subject.

=APPARATUS.

The Ball Engine.- For an engine of high speed a Ball engine, used to furnish power to the
shops and Mechanical Engineering Laboratory, was chosen. "This engine is of the automatic eut-
oif type, having a cylinder eight inches iIn diameter and a ten inch stroke. It is belted to
the line 3halt and runs at an average speed of two hundred and ninety revolutions per minute.
For these experiments a special cylinder head was made. The upper half of this cylinder head

»aa tapped for three pipes, so as to alio, or two or three pipes being connected to the head
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end of the cylinder at the sarre time. On the inside of the head these holes were counter-
bored to make the opening large from the cylinder to the end of the pipe. With this head the
clearance of the head end of the engine was 9.2d per cent, of the piston displacement. A
sketch showing the head will be found on PLATS 4.

The larger number of experiments on this engine were performed under actual running
conditions, during a part of the day when the load was nearly constant. During a vacation, a
set of experiments was taken with the line shaft as a load, and to insure this being constant
the shops were Rocked and no machines used. Further particulars will be given in the descrip-
tions of the experiments.

The Robinson Sngine.- For experiments with an engine of slow speed, an engine known 1in
the Laboratory as the Robinson engine, was chosen. It is of the throttling governor type with
a slide valve, built to run at about one hundred revoliitions per minute. The cylinder 1is
eight and one halfinches iIn diameter and the stroke 1is sixteen iInches. A special head was
also made for thisengine, similar to that described for the Ball engine. The clearance with
this head was 3.91per cent, of the piston displacement. The work done by this engine was
absorbed by a ropefriction brake. Different speeds were secured for these experiments and
for the most part were sixty, one hundred and twelve, or one hundred and twenty revolutions

per minute. In all experiments on this engine the speed was regulated by the throttle valve.



INDICATOR RIGS.

Ball Engine Indicator Rig. - This consisted of a pantograph off one parallelogram, as shown
in the sketch. This was supported from the engine frame by a loop reaching from each side of
the frame over the guides of the engine, andhaving a small angle piece with a pin-bearing for
the pantograph, bolted to the loop. The entirerig was made of iron, and to 1insure still
greater rigidity, an iron brace was run from the loop to the steam pipe. The fastening to
the piston rod is shown in the sketch and consisted of two pieces which were clamped by a-bolt
around the rod, one-half having the pin-bearing for the pantograph. A pulley to give the cord
a horizontal direction from the pantograph, was supported by a board clamped rigidly to the
engine frame. The cord then made an angle of about twenty degrees from the horizontal to the
indicators, as will be seen by the sketch. {PLATE 1.)

The Robinson Engine Rig.- This rig wasof the lazy tongs type of three parallelograms.
The rods were of wood with metal joints, allol which were well adjusted. This was fastened
to the frame of the engine by a heavy iron upright bolted to the frame. The connection to
the crosshead was made by using a brass bush which fitted the pin of the rig and was pipe-
threaded on the outside and screwed iIntQ the crosshead. This rig as a whole was sufficiently
rigid to insure good results. The cord from the rig passed to a pulley to give it a horizontal

direction, and then made an angle of about ten degrees to the iIndicators. The pin to which the



cord was fastened was in a direct line with the pins fastening the rig to the frame and

crosshead.

THE INDICATORS.

The i1ndicators used iIn these experiments were three Crosby instruments, two of which had
been sent to the factory for repairs and another, a one and a half inch drum instrument, which
was nearly new and iIn good adjustment. For experiments requiring two iInstruments the two, two
inch drum indicators were U3ed, and in experiments requiring only one indicator, the one and

one half i1nch iInstrument was used.

THE ROPE BRAKE.

A rope brake was used on the Robinson engine to absorb the power. It was made by
fastening the middle of a rope to a hook suspended from the ceiling and bringing both ends of
the rope entirely around the fly wheel and down to a lever arm, on which was an adjustable
weight to regulate the load. Wooden strips were fastened to the rope at short distances apart

to keep it to its place on the wheel. (PLATE 5.)

THE PIPING.
The pipe used in these experiments was the common commercial 1iron pipe. This pipe was

covered by a layer, one inch thick, of asbestos mixture and wraped with canvas, sewed on. The



ft
particular arrangements of the pipes had best be given under each experiment. The gate valve
used was of the commercial pattern, having a full half inch circular opening. The three way
cock was of the plug type, having an area in opening fully equal to the area of the cross
section cf the pipe. Tees, elbows and reducers used were all commercial fittings. In
experiments to determine effect of long pipes, four lengths of pipe were used. These were cut

to give the effect of if- feet, 2% feeth5 feet, and 10 feet beyond t

LONG PIPE EXPERIMENTS.

The object of these experiments was to determine the effect of the length of pipe
connections to the indicator, on the diagram. The two engines described were Uzed. Two
methods of piping were used, one of which will be called the "Straight” pipe and the other the
"Looped™ pipe.

In the straight pipe experiments two indicators were used, one being connected to the
cylinder by mean3 of an elbow and a short nipple at a, PLATE , which will be called the short
connected or cylinder indicator, the other being connected to the cylinder by an elbow /Zand a
long pipe, as shown at b. The long pipe iIn each case had a gate valve iInserted close to the
cylinder. In order to overcome the objections to a long indicator cord, in these experiments
with long, straight pipes, a fine steel wire was used. It was tested by hanging an eight

pound weight on a length of twenty feet of it tor two days. This did not perceptibly lengthen
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the wire» which was found to be a light and inelastic connection from the rig to the indicator,
and satisfactory in all respects. Having secured the desired conditions as to load, speed, &c.
and having thoroughly warmed the pipes and indicators, three cards were taken; two were taken
simultaneously from both connections and then a third card was immediately placed on the short
connected indicator, the gate valve was closed to cut off tne clearance effect of the long pipe
and then a third card taken. This diagram was assumed to be the true cylinder card representin
the conditions and events taking place in the cylinder.

But little time was necessary to replace the card and close the gate valve and, as many
experiments were performed, these cards were thought to give a good average result, even
though it was impossible to take them simultaneously witn those with; which they were to be
compared. The two cards taken at the sane time are designated by the letters L.C, and 3.G.
Those diagrams which were taken on the long pipe were marked L.C. and those taken on the short
connected indicator were marked S".C. The third card, taken On the short connected indicator
with the gate valve in the long pipe closed, was marked G.V.C. The three eard3 taken together
were each marked and numbered and the 3et mrked on each. At least three diagrams from each
connection were taken in each set. Then the indicators were interchanged, the one which was on
the long connection being placed on the short connection, and vioe versa. The cards then taken
were marked as another set and the same number taken as iIn the corresponding set. These nine

or twelve cards in each of the two set3, constituted the data for an experiment on the particu-
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lar length of pipe used ard for the speed at which the engine was running. In order to compare
results and eliminate the errors due to indicators, an average card was platted for each
connection. The method was: two cards marked L.C., set 1, lor example, were arranged with two
cards marked L.G., set TT, and platted on a blank card by means of closely drawn ordinates.
Averages of cards marked S.C. and of cards marked G.V.C. were obtained in the same manner, cards
being selected In each case which had the same card number. For example, if cards marked L.G.,
nos. 2and 5, set T, and nos. 1 and 3, set Tl, were arranged, then S.C., nos. 2 and 3, set I,
and S.G., nos. 1 and 3, set 1T, and G.V.C., nos, 2 and 3, set T, and G.V_.C., nos. 1 and 3, set
TI, were also arranged. The three average cards thus obtained were measured with a planimeter
and the card G.V.C. superposed upon the cards L.C. and S.C. for comparison, the card G.V.C.
always being the full black line. Tn case the M.E.P. of the cards is given, the one written
below is the M.E.P. for the card G.V.C. and the ratiogives the per cent, with the G.V.C.as
the base. Results were obtained in this way for four different lengths of pipe which were cut
to give the effect of I£ feet, 2\ feet, 5 feet and JOfeet of pipe.

PLATE 5 shows the cards G.V.C. and L.C. as taken from the Robinson engine at a speedof
sixty and one hundred and twelve revolutions per minute, the cards L.C. being the dotted lines
and the cards G.V.C. being the full black, as before stated. PLATE 6 shows the cards G.V.C.

superposed upon the cards S.C. PLATE 7 shows the form and M.E.P. of the cards G.V.C. and L.C.

in the left hand column, and the cards G.V.C. and S.C. in the right side for four lengths of



pipe. Pages A. and B. of cards show the twelve cards from which the average cards L.C.-S.C.
and G.V.G. were obtained for the li ft. pipe, the two upper cards in each column being taken
with one position of the indicators and the lower two being taken after the indicators had
been interchanged. Nos. 13, 14 and 15, page B, are cards taken at the same time on the 23% ft.
pipe on the Ball engine, Nos. 10, 17 and 18 are similar ones from the 5 ft. pipe, Nos. 19, 20
and 21 are from the 5 ft. pipe with the indicators exchanged. Cards 22, 28, 24 and 25, 20 and
27 were similarly taken on a 10 ft. pipe. This 3ame order 1is observed on pages E. , P., O,
and H. of the cards. The speed of the Ball engine during the straight pipe experiments was

two hundred and eighty five revolutions per minute.

THE "LOOPED™ PIPE EXPERIMENTS.

In these experiments but one indicator was used, as will be seen in figure 11, PLATE 4.
The arrangement was as follows: a 3hort nipple connected the gate valve to the cylinder,
another 3hort nipple connected a three way cock to the cylinder at a second point, the pipes
which had been used iIn the straight pipe experiments were bent with an easy curve, as shown in
PLATE 4, and one end secured at the gate valve and the other connected to the three way cock
by a nipple and a right and left coupling. This enabled one to take card3 with the long pipe
open to the indicator, or by turning the plug, the short connection to the indicator could be

opened and the long pipe left open to give extra clearance from the cylinder, or the gate
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valve could be closed, giving cards with only the short connection open from the cylinder. The
three cards G.V.G., 3.C. and L.C.could be taken one immediately alter the other on the same
card with the same indicator. As a rule, only two diagrams were taken on one card and most ofF
these were to determine the difference in the diagrams with long connections and those with
short ones, the gate valve being closed. In taking cards the pipes were allowed to warm and
then a card was taken with the long connection to the iIndicator, this card being marked L.G.
Then the three way cock was turned so as to give the short connection to the indicator and the
gate valve was closed ard a G.V.G. card taken. When it was desired to obtain a card which
corresponded to the 3.0. card of the straight pipe experiments, the diagram was taken with the
cock turned to open the short connection to the indicator and the gate valve was left open,
giving the effect of clearance of the long pipe. The results of these experiments are given
in tables and cards are also shown on separate pages.

PLATFfi 8 shows in tabular form the resiilts of experiments on both engines. In all cases
the M_fi.P. shown in the tables 1is the average M.fi.P. of at least four cards which were taken
under similar conditions. The per cent, of error was obtained by the G.V.G. card as a base.
The minus and plus signs indicate that the M.fi.P."s of the cards S.0. and L.C. were greater or

less than the M.fi.P. of the card G.V.G.



OBSERVATIONS.

It may be noted here that the average cut-off of the Ball engine was about one-fourth,
while that of the Robinson engine was about fifteen-sixteenths.

The most noticeable feature in the results of these experiments 1is, that the M.fi.P. of all
cards S.C. and L.C. taken from the Robinson engine are less than the M.E.P. of the correspond-
ing G.V.C. cards, while the exact opposite is true of the experiments on the Ball engine.

While taken under apparently the same conditions two cards were seldom found which had the
same M_E_.P., or even the same per cent, of error, yet all cards taken from one engine agree in
giving like errors due to long connections. The features that are most prominent in the form
of the cards may be seen on pages A. to K. and plates 5, 0 and ?, Taking, for example, card
no. one, PLATE 5, it will be seen that the card L.C. in dotted lines is almost wholly within
the G.V.C. card where there is little or no cut-off. Beginning at the end of the stroke the
exhaust line of L.C. lying above the exhaust line of G.V.C., may indicate three sources of
error due to long pipe connections; (&) the kenetie energy of the steam when traveling to and
from the indicator, (b) the effect of rSevaporation due to heat stored up iIn the pipe during
admission; (¢) and to friction in the pipe. The compression line of L.C. outside of the com-
pression line of G.V.C. indicates an error due to the time which it takes for a change of
pressure in the cylinder to effect a change at the end of the pipe. The same cause, together

with the excessive condensation in the long pipe at the beginning of the stroke, produces the
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the curved line at the beginning of admission. The fact that the admission line of L.C. con-
tinues to be lower than that of 0.V.C. may be accounted for by assuming that condensation
continues to the end of the stroke. It will be seen that in all cards S.C. ana L.C. taken on
the Robinson engine, the drop at the beginning of exhaust is more gradual than that ox tne
corresponding G.V.C. cards. This 1is probably due to the same causes that produce the curved
line at the beginning of admission, except that ~evaporation occurs instead of condensation.
As to the effect of increased clearance due to the long pipe, shown by cards S.C. and G.V.C.,
the same difference is noticed as iIn the cases of L.C. and G.V.C., except in a less degree,
and the ré&evaporation seems at a maximum at about midstroke, instead of at the beginning of
exhailst.

In considering the errors due to a long pipe on the Ball engine we find that somewhat
different conditions exist, the principal difference being that cut-off is less and compression
greater. In general the errors may be attributed to the same causes as those in the Robinson

engine. Referring to card 18 PLATE 7 it will be seen that all events of the stroke, as shown

by the L.C. card, occur later than is actually the case. The steam lines of these cards are

lower than those of the corresponding cards G.V.C., which is due to the excessive condensation
in the long pipe. The steam and expansion lines of the L.C. card cross the corresponding lines
of the G.V.C. card very near cut-off, which might indicate ré&evapotation alter cut-oil, u

account of the shifting along or the expansion line, this can not be well shown on these Ccuds.
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However, cards 3.C. and G.V.C., 21 to 24, PLATE 7, show this more clearly. The lower curved
steam line of the S.C. card, resulting from condensation in the long pipe and its crossing the
steam line at G.V.C. at or near cut-off, at once suggests rSevaporation. The fact that the
exhaust lines of the two cards coincide so nearly as do the cards from the Ball engine, Iis
explained when it is observed that little or no drop in pressure takes place at the end of the
stroke, the ~evaporation having taken place _just before, as is indicated by the dotted line
above the full line between cut-off and this point. The effect of increased clearance is to
reduce compression, ard this is shown by the compression line of card S.G. falling below that
of the card G.V.C.. These cards G.V.C. and 3.0. show conclusively that a card taken from an
indicator on a short connection can not be assumed to represent the true conditions as they
exist in the cylinder if the clearance due to a long pipe be open from the cylinder when the
cards are taken. They also show, together with the cards L.C. and G.V.C., that the error due
to the use of a long pipe connection, is made up of at least three parts 1l (@) the error due to
increased clearance space of pipe; (b) the error due to increased clearance surface™ (c¢) and
the error due to the time necessary to transmit a change of pressure from the cylinder to the
indicator. In all experiments on long pipe connections the errors increased with the length
of pipe and with the speed of the engine. The statement as to speed applies only to those

experiments on the Robinson engine, as the Ball engine was run at a nearly constant speed.

The cards taken irom the looped pipe are on pages I, J and K and may be considered as
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representing more accurately the actual errors, as the traced cards have slight errors due to
the difficulties of tracing them accurately. Columns 15 and 14 of the tables are the averages
of the per cent, of error of straight and looped pipe cards at the speeds of sixty and one
hundred and twelve revolutions per minute. These values are averages which show what errors

may be expected when taking cards under conditions similar to those in these experiments.

CONCLUSIONS.

1. If an indicator 1is expected to give accurate results the connections between i1t and
the cylinder must be very short and direct.

2. The areas of cards taken on a long pipe from an engine having little or no expansion,
are less than the areas taken on a short connection, the other conditions remaining the same.

5. The areas of cards taken on a long pipe connection from an engine having a large
expansion, are larger than those of cards taken under the same conditions from short pipe
connections.

4. From the last two observations it may be inferred that for a definite length of pipe
there iIs a certain point of cut-off which will give a card equal iIn area from both the lont
and short connections. From this it may be inferred that from this neutral point, for any
length of pipe, the error increases or decreases as the number of expansions increase or

decrease.
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5. The errors in area increase with the length of pipe and with the piston speed.

6. The error in the form of the cards also iIncreases with the length of pipe and with
the piston speed.

?. The events of the stroke, as shown by a card taken from an indicator on a long pipe,
occur later than, as shown by a card taken from a short connected indicator, when the other
conditions are the same.

8. The error due to increased clearance space and surface in a one-half inch pipe, 1is a

considerable portion of the total error due to the long pipe connections.

EXPERIMENTS WITH SHORT CONNECTIONS OF DIFFERENT SIZES O£ PIPE.

Some experiments were made to determine, 1if possible, the difference due to short
connections of different sizes of pipe. The sizes selected were three-eighths inch, one-half
inch ard three-fourths inch commercial pipe. It was necessary to use two iIndicators for these
experiments and the diagrams were taken simultaneously. In order to eliminate errors due to
the indicators, after three cards had been taken on each instrument, they were changed about
and three more cards taken. These cards were averaged to determine the difference due to the
pipes. The engines and rigs were the same as described ror the other experiments. The piping
was as follows: for the half inch connection one nipple one and half¥ inches long, and

one =J' elbow, were used; for the three-fourths inch connection one 3/4"™ nipple one and one-half
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inches long and 3/4" elbow, were used; Tfor the three-eighths inch connection one reducing plug
i to 3/8", one 3/8" nipple one and one-half inches long, one reducing plug 3/8" to d' and one
in elbow, were used. This arrangement gave the following lengths of connections from the
cylinder to the indicator; one-half iInch connection 3/8"; three-fourths inch connection

2 5/8"; three-eighths inch connection 2 3/4"™ connection to indicator. It will be seen from the
tables that there was a slight difference in results in favor of the large connections. There
appears to be but little difference between the hall inch and the three-fourths inch connection.
In fact, the error i1s less than that due to the two iIndicators, as will be seen iIn the table,

indicator gave larger results when on the one-half inch connection, and

It

for In one case one

then when changed to the three-fourths inch connection it also gave the larger results.
would seem then, that, under ordinary conditions, the three-fourths inch short connection

would not be considered better than the one-half iInch connection.
These experiments cannot be regarded as satisfactory, owing to the inaccuracies of the
instruments and the liability of error in the measurement of diagrams which are so nearly equal

in area. However, they show that the error 1is not large, and In many cases might not be as

great as that due to the instrument used. It would seem that the half inch conhection should

be used in preference to the three-eighths inch connection, because it insures better results,

and in preference to the three-fourths inch connection, as a matter of convenience, the results

being practically the same. See table on PLATS 9 and cards on page L.
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EXPERIMENTS TO DETERMINE TEH EFFECT OF A CLEARANCE PIPE BEYOND THE INDICATOR.

Engines are often so piped than an open pipe extends on beyond the indicator. As long ago
as 1878 Rigg, 1in his work "The Steam Engine,” pointed out this source of error.

Experiments were made on both the Ball and the Robinson engines, to determine the effect
of such a pipe. In all cases, except one which will be described further on, the piping was
as follows: A short nipple and a tee formed the shortest possible connection from the cylinder
to the indicator; a nipple connected the tee with a gate valve, beyond which extended the

length of pipe to be used in the experiment. On the outer end of this pipe there was an elbow

which carried an indicator cock to be used for draining the pipes if necessary. It was found
that, with covered pipe, there was but little condensation. Four lengths of half inch pipe
were used as in other experiments. In taking cards steam was first admitted to the long pipe,

the pipe was allowed to warm and was drained, then a diagram was taken. Next, the gate valve
was closed and a diagram taken, a3 quickly as possible, on the short connection, the long pipe
being cut off by the gate valve. These cards, taken on the short connection, were assumed to
be true base or cylinder cards. In some cases separate cards were taken, and in the others the
cord would be shortened and two diagrams taken on one card for measurement with a pianimeter.

In many cases two diagrams, one taken over the other, were secured to show the difference in
the diagrams in a graphical way. In the experiments on the Ball engine it will be noticed that

the speed is not in all cases the same. During the time between the two series of experiments,
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the speed was slightly increased as it had been a little too slow for the purposes of the shops.
Experiments were made on the Ball engine while i1t was running under actual conditions furnish-
ing power to the shops. This will account for aslight change in the are”s of similar cards.
But as a part of the day was chosen when but little student labor was being done( the loud was
fairly constant. The two cards taken for comparison show differences nearly uniform, owing to
the fact that with two operations the two cards could be taken in so short a time that but
little change was liable to occur.

The experiments on the Robinson engine were exactly the sameas on the Bail engine, except
the speed was regulated to sixty and one hundred and twenty revolutions per minute, and the
power was absorbed by a rope friction brake, which has been described.

Table A gives results of experiments on the Ball engine to determine the effect of clear-
ance beyond the indicator. In this set of experiments the load was such as to give a short
cut-off. The per centage of difference is based on the short connected or cylinder card. The
cards were taken under actual running conditions of the engine, at a speed of two hundred and
eighty five revolutions per minute, and with abboiler pressure which did not vary greatly from
seventy pounds gage pressure.

Table B gives results of experiments on the Ball engine for the effect of clearance beyond
the indicator. In these experiments the cut-offs were greater than in those in Table A. These

were also taken under actual running conditions and the speed was two hundred and ninetyorevo-
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lutions per minute. By a comparison of Tables A and B it will be seen that the greater cut-ofS
give the greater relative differences in the diagrams.

Table C gives average results of three cards, taken under conditions similar to those
which exist when the two ends of a cylinder are connected to one indicator by pipes leading to
a tee placed near the middle of the side of the cylinder, with valves placed in the pipes close
to the cylinder, or(ﬂngle valves used at the bends near the cylinder. This is a method of
piping frequently found when but one indicator is available, but it has given way somewhat of
late to the better arrangement of using a three way cock, thus avoiding the additional error
due to the open pipe beyond the indicator. In these experiments, instead of a short nipple,
an eight inch length of half inch pipe lead from the cylinder to the tee, on which was placed
the iIndicator and beyond which was the gate valve and clearance pipe, as in other experiments.
Otherwise the experiments -were like those in Table B.

Tables for the Robinson engine, giving effect of clearance beyond the indicator, are
similar to those for the Ball engine. Experiments were performed with springs of a scale of
forty pounds per inch and twenty pounds per inch. These results differ somewhat, as will be
seen in the tables.

A few cards have been selected from each experiment. They represent well the average

difference due to the pipes.
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OBSERVATIONS AND CONCLUSIONS.

Experiments on effect of clearance pipe beyond the iIndicator.

In experiments on the Ball engine the out-offsevidently has an influence on the resulting
diagrams. Greater cut-offs give the greater relative differences when other conditions are the
same.

In all cases on the Robinson engine, and iIn most cases on the Ball engine, the effect of
clearance pipe was to diminish the area of the diagram. But in two cases on the Ball engine,
as will be seen in the tables, the resulting diagrams were larger with the clearance pipe
beyond the indicator. In one of these cases a five foot clearance pipe was used, and in the
other the connection to the indicator was eight inches iIn length and a clearance pipe two and
one-half feet long was used beyond the indicator.

For comparatively short lengths of pipe the error in the mean effective pressure 1is not
great, but the form of the card is changed. In cards on the Robinson engine it will be noticed
that the clearance pipe card is entirely within the other.

Since in nearly every case there is a difference due to a clearance pipe beyond the indi-

cator, only direct connections should be used with no open pipe beyond the indicator.
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Short connections

DIFFERENT SIZES

ROQINSONENGINE
Set r

NN - R-RtAr_
MEPTr 20.9

_ rn ~/— * _N Ao 1"=40*
Short Co>

RO81IN&ON
SET B

M.E.P* 19.9

Short

Bhil Engine
SET

R.RM. ZSO
SCHLE 60

n.EP: 18.0

Short ""con

Ball Engine:
Set z

- _ M.e.P r /7.7

Short-J?Con

Robinson

SET

M.BLP =21, £

Shortz ton.
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short
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. MEP-- /79

Short
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BALL ENGINE
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e ee . jvier  3LO0 509 Cox o w
+SC & cp
~ QP " ‘
ScRLE I=50*
. R.PPIp 230 o
/& S0
t o e
5C AM cr? c Fvo L csp
SC. O.R
MEP 3/.2 30.0
" 'f * *'*"*.. -
ysc a . ) . e./?
* - #
- £/ Yo
s.C. fl/vo ft. Op * SC  p Ao Fres
5.0, CP
| -t MH 231 25
: C’;.P '<r$ O- * # # «
. * % 4 = C.P
o \ AP # -
aR/ T
e CR? sC Pma ap ’
G .
. WeP F0 sl \ .+ nse
-es.e 't *
« ../ 5C
Vil *e
cP -,
s d?
ZtT =i 7 =5 /- HFj .

S.C nNn jo Ft. CP S C e I O p{ @D



N

BALL ENGINE
DHASRRVG- \&\RT CONNKTTION  tialeH AEANE: re BEYONDmHE INOGAIGR
Vi HE"SF
RR MZQS EZS w
"™ v u i  e® ‘o
3 m s. C SET Z
3 - "\

#’, )@—271:**# « - MEPZZL'* .

s. G /L q -FT";O..’E': * seT 2
*In¢

4 . & .
NOMRZS T -~ ? -

i P S/ 7 zmcomosc ma



0.

B ALLENGINE

DIAGRAMS— SHORT CONNECTION  fi/AVQ with
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BALL ENGINE

DIAGRAMS - <3 INCH CONNECTION TO INDICATOR ANO 1YITH CLEARANCE
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Robinson Engine
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R obinson Engine.
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SKETCH OF RIG USEDON BALL ENGINE ~ LONG AND SHORT PIPES. END VIEW.



ATTACHMENT FOR
PISTON ROD

BALL ENGINE
INDICATORRIG

SCALE 3 «- 1ft.



ROBINSON ENGINE RIG.









Straight Pipe Cards From Bobmson Engine

Q vc find s C

PPM 112 PPM 1O

\ MEP
10 rt. pipe |V

2.2.3 .
2 3.3






ROBINSON ENGINE , BOLB Fit, BALL ENGINE

Straight Pipe Looped Pipe Clearance Straight Pipe Looped Pipe CLear ance
ength Posiion PPM 60  PPM 1z  PPM GO PPM uz 0 AVerage PerCentg,iree ooy o5 ppm 200 AT Per Centgy g
Per cent Per cent PerCent percent Columns Col umns Blsp ace PerCent PerCert Columns oispiace
\pe Indicator ME P Error MEP Error MEP Error MEP Error 44-8 7rD ment Sg.in. MEP Eerror MEP Error 15-» 19 ment <B/in
cVC zo. 23.9 17.17 17.4 3.9 754  22.37 22.74 9.2s 772
ir.  SC zo 23.7 -1 439 183 ZZ.75 + 17 70.17 201
L C zo 236 -1 f 16.92 -1.4 17b2 -z.1 - 7 -1.8 4.39 783 23.37 + 4.5 235b +fm4 +405 7017 201
QVC 247 2%2 17.87 17.54 3.9 754  ZZbZ 2453 9.28 172
I+Ft. SC 2xx f2 235 -7.9 -2.5 -2.3 -1.85 -2.4 488 712 23, +1.7 11.06 230
LC 2%2 - 2. 23./ -*.6 17.03 - *.7 Ib.73 -4.6 -3.35 -4.55 4.88 272 2387 +58 2549 +39 +47 11.06 230
Qvc 22.7 2S.1 1b.ZS 17.0b 3.9 754  ZZ.715 25.12 9.28 172
5 Ft. SC 2/.? -3.6 23.7 - V.* -5./ ~5.4 -435 -5.1 5.37  270. 2400 + 5.8 12.84 288
LC 216 -*.7 23/ -8. 199v -7 1515 —1Z -6.75 -9.6 5.87 270 2562 +126 27.37 m8 ? +1075 72.84 288
QVC zs33 zz.8 1b. 46 17.38 3.9 754 2345 24.64 9.28 772
tort, SC 22.3 -4.5 20.7 -9.2 -8.5 -10.5 -6.5 -9.85 7.84 386 243Z +37 76.4 404

LcC 206 -11.e 11.4 -23.7 1371 -16.7 1z5 -28.1 -14.15 -25.9 7.84 386 28.3 +20.7 29.6 +201 +204 164 404



5hort Connections-

PPM- 100 ROBINSON ENGINE
i p *Coat SET +t i Con CON
2 0.9 M.E P 2 1.2 20.2
Z1.0 235 2 LA
20.7 21.2 2 1.0
TOTALS 1-°CO* /2.2 CON  1Z~h3
~'aoN. SETS - ¢c s D
__totals 79.0 (~M-C~ARDsS)
PER Cent OIF
i Corv. SETS  cefisvo F
TOTALS hog (6 C /TITOS )
PER CENT DIF
- B ,
deon. D%kt ENGINE
_TOTALS &Q.Z (6 cards;
PER CENT DIF
$r"CON. SETS | ano<
__ TOTfILS 12.2 (6 CPIRDS)

PER C BOF.

different sizes

Boiler pres. 75*

SET s i"CON
19.9
20.7
20.4-
PERCENT o1F; 0.2-4-
ft"Con.
78. 3
0.88%
-x§vCon.
112.3
0.62%
% Cor/
8 76
0.6 9
i Coiv.
72 0

0.21%



BALL ENGINE

TABLE
Length Apparent n 1./? Per cent
CLEARANCE Cut- off Shogg con. CLEARANCE DIPPERENGE
Pipe SHORT CON. INDICATOR Beyond- SHYY con”BASE
ffo 3l.0 30.9
1 27F . .39 29.7 29.6
4 0 30.4 30.2 -0.M X
43 31.2 30 0
4~ 31.2 30.0
£z Fe % 31.9 30.1 -4.4 /
.33 2S.4- 25.9
5Ft. .33 25.3 26.2
.32 29.1 25.9 - /17
.33 3o0.¢ 22.5
10 Fe .33 30.0 230 -24 .97

cylinder Q'x1 0 " R.PM.290.Scale



B ALL ENGINE

TABLE
Length of R PPAR MEP Per-Cent
CIEfIfffl/MCE Cut - off Short cgp. Clearance difference
PIPE Short con. INDICATOR beyond ino. Short Con- base
21 22.2 2 2.1
1 N frt. z1 21. 2 1.8
21 22.7 22.6 — Q.4- 9°
22.5 22 v
Z-jgFr 25 2 2.6 2 2./
2 3.0 22.8 1.7 %
13 /7.* 17-
5F¢ 15 18.6 18.2
13 H .2 17. + 2.3 %
.n 18 17.2
70F t. .10 18s 17. 1
.n 18.6 17.1 - 7
cylinder o) R.RM.ZSS CBijiler Pres #
TRBLE C
Length of A pparent Mz.p Per CENT
CLEARANCE Ctkoff & Inchcon. Clear ance DI FFERENCE
Pipe Short con. Indicator Beyond- INd. 8 inch QN
1a Pt .62 3Z.G 3 2.5 — 0.3 %
Lz itft AO 34.9 33.Z + 0.8 I+
5 Ft 43 3 3.3 31S - +.S" %

ft.RM. 290



Robinson Engine

- 60 Rev.Pe* min.

Qkum ssilI™M [ —————
3cC BHP spring
LENGTH of ME:.p
CLERRRNCE Short con. CLERRRNCE
Pipe to INDICATOR BEYOND
1 7/ 17.0
14 17-4 LIZ
118 17.1
17 .4- 170
2>i, Ft. /7.4- <1/
Il.z 16.S
16 2 IS. 5
5 Ft 16.1 153
1 6. 15.3
5.6 13.8
/0 Ft. 15.6 (3.7
16.0 14.1

----------------------- Rty csiepfees. 7FH:

Mi:

op-Spbinz

PER CENT SHORT CON. CLERRRNCE PERCENT
INOCRTO BEYOND /NO. OlF

OF.

-0.eI°

-4.4%

1l.a %

14.6
14.5
14.1
15-1
15.0
15.0
13.0
14.0
13 5

17.5
17.5
no

14.6
145
14.1 0. %
14.9
14.8
143 - 1 0%
12.6
13.5
13.0 -3.5%
158

162
15.6 -& M



R obinson Engine

cylinder. 8 » x/6 [20 /Bv Boiler Pres. 70-
Scale of spehs /'=2Q* scale of Spring /"= 40
length of M_E P M [i.R
cLEARANCE  SHOFFT QON. CLEARANCE per cent SHORT cON. cLEARANCE PER CENT
Pipe: T0  Indicator BEYOND ind. DIF. To INDICATOR  Beyond Ao. DIF.
112 /7.7 14.6 14 .4
£ Ft /7.7 ns 14.5 14.3
1/ .3 112 -0.9n 14.7 14.6
18.3 | 1 16.8 16.2
Z i Ft /7.6 17.1 16.8 15.7
lie n. —jj i 16.6 16.3 -3.5°/°
1 19 16.1 16.0 14.8
S5 Ft ire 16.5 , / 150 14.0
176 16.2 14.8 14.0 6 8 i*
185 15. 16. 14.0
JOFt. 11.3 14.8 15.6 13.9
18.3 15.5 - /B3 & 13.5 14.0



