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HORSE POWER
STEAM

COMPUTER FOR
ENGINES

Principle of the Instrument.-The couiputer is au ingenious form of
mechanical calculator for solving the numerous problenrs connectecl with the
power, size and speed of steam engines of all kincls. Its action is based
upon the well-kuown principle of logarithmic calculation, the operations of
multiplication and clivision being effected mechanically by the addition and
subtraction of clistances proportional to the logarithms of Lhe quantities
represented.

Deseription.-Aswill be seen from theillustration (p,10) the courputer con-
sists of four concentric cliscs, A, B, C, and D, suitably provided with logarithmic
scales to represenc various quantities, such as boiler pressure, speecl, size, ancl

power. The lower disc, A, is provicled with two scales, E and F, bhe forrner
representing horse-power, ancl varying from 5 to 1000, ancl the labter (scale 1-)

representing boiler pressure in lbs. per square inch absoiute pressure, and
extends from 10 lbs, to 400 lbs. These two scales E a,nd F are in reality one

continuous scale, the one being a continuation of the graduations of the other,
the result being that the horse-power scale E is pract ically unlimitecl in
extent, tlie lower por[ion of the boiier-plessure, scale F, being used for .horse

powers greater tlian 1000 I and similarly the lower porl,ion of the horse-power
scale E can be utilised, if clesired, for boiler pressures greater bhan 400 lbs.
per square inch.

The secoucl disc, B, mounted above A and rotating upou it, is furnished with
two scales, G and H, ttre outer scale G representing tlie nunrber of expansions
employecl from 1 to 40, and the irrner scale H being glacluatecl for various
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values of " diagrarn factor " from 0'5 to I 0. The graduations of the scale G

are ploportioual to l,he oo-efficient of isot'hei'mai expansion,
t-tlqg{, 

wheLe
,1"

r r:epresents the ratio or number of expansions ernployed. For multi-
cylincler engines, the number of expansious taken is frour the point of cut-off
in the high-pressure cylinder dorvn to the end of the stroke in the low-pressure
or final cylinder. Similarly bhe value of " cliagrarn factor " H, used for multi-
cyliuder engines, will be the combined cliagrarir facbors of all the cylinders
composing the engine; or the ratio of the total mean effective pressures in all
the cylinders referred to the lorv-pressure cylincler, to the theorebical mean

effective pressure obtairred by expanding steam hyperbolically from the boiler
pressure r tirnes.

The uext disc, C, also contains two scales, J and K, the forrner scale. J, on

the outer edge representing the strolie of the engine varying from 6 inches to
10 feet, and the inner scale K represenbing the speed of the engine in revolu-
tions per rninute from 20 to 600. The scale K is continued to form an ex-
tension scale K., represenbing the ratio of cylinder areas, the use of which will
be explained later.

The upper disc, D, is also provided rvibh two scales, L aud M, the former
represenl,ing diameters of cylinders (for rnulticylinder engines, the diameter
of the low-pressure cylinder) varying from 6 inches to 120 inches, and the
extension carrying the scale M to read off scale E represeriting various
mechanical efiiciencies from 0'5 to 1'0, beiug provicled rvith an indicator N at
unit elliciency termed " LH.P. inclical,or."

Application to Gas and Oil Engines.-l'or gas and oil engines working
on the Otto cycle of operatiorrs with one power strol<e for every two revolutions
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of the engine, the two scales G and H on disc B are not required. When the
mean effectiye pressure is known, set the index 1 on the expansions scale G
to the given mean eff'ective pressrlre on scale F, and set tho stroke of the
engine on scale J to the inclex 1 on the diagram factor scale H, then set the
number of explt,sions per miuute (or one-half ttie nuinber of revolutious per
minute rvhen working at full load) on scale K to the diameter of the cylinder
on scale L, u,hen the I.H.P. will be given on scale E opposite the index 0'5
on the rnechanical efficiency scale M.

Applieation to Single-acting Steam Engines.-When usirg the corn-
puter for single-acting elgines giving one power stroke for each revolution of
the crank, read the I.H.P. on scale E off the index 0'5 on the mechanical
efficiency scale M.

Application to Steam Engine Problems.*The uses to which the com-
puter can be put in solving the various problenrs in steam engine design
connected wit,h the horse power, size, speed, and pressure, are very numerous,
but the following are a few of 1,he rnore irnportant ones, a consideration of
which wiil indical,e generally the scope of the instruinent.

Bxeltpln I.-To fincl the LH.P. of any engine, given the sizes of bhe

engine, speed, and pressure. Set bhe nurnber of expansions on scale G bo the
boiler pressure on scale 1', Reaci the theoretical meau effective pressure on
scale I' opposite 1 on scale G, ancl subtract a suiLable baclr pressure (say"3 Ibs.
for condensing engines, ancl 16 lbs, fol norr-condensing engines) by rotating
disc B anti-clockwise. Set the given sl,roke on scale J to a suitable valne of
diagram factor on scrale H; set the cliarneter of the cylinder (or L.P. cylinder
as the case rnay be) ou seale L to the given speecl irr revolutions per minute ou
scaie K, and the indicator N rvill poirrt to the LH.I'. on scale E.

1
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Exeltpr,p II.-To fincl the B.H.P. of any er.rgine, given sizes, speecl a,cl
pressure. Set the various discs as explained iu r., and opposite the mechanical
effrciency on scale M read the B.H.P. on scale E.

Itrxauplr: III.-To finc1 the theoretical m.e.p. for a given boiler pressure
and nulnber of expausions. rf the boiler pi'essllr'e be given in lbs. per square
inch gauge pressure, add 15 lbs. to allow for ihe presstLre of the atmosphere,
and subtract a suitable amount for loss of pressure betrveen l:oiier and engine
(say 5 or 10 lbs.). The result rvill be the steaur pressure at bhe engine in
lbs. per square inch absolute pressure. Set the giveu uumber of expansions
on scale G to this pressrlre on scale F, antl opposite 1 on scale G read off the
theoretical rr.e.Il. on scale tr'.

Exeupr,n IV,-To find the actual mean effectiye pressure for a given value
of cliagram factor. Set the expansions on scale G to the steam pressure on
scale l' as explainecl in III., then subtract a suitable bacl< pressure (either
3 or 16 lbs.), set 1 on stroke scale J to the given diagram fa,ctor on scale H,
bring 1 on diagram factor scale tl to 1 on stroke scale J, and opposite 1 on
scale G read actual m.e.p. on scale F.

Exltr.tpr,s Y.-To find tlie boiler pressr.rre recluired for a given power, size

of engine aud speed. Ileverse the operatious described in f., starting with
the given I.II.P., when 1 on scale G will point to the theoretical m.e.p.
required on scale F, or the given numbet of expansions on scale G will poiut
to the required steam pressLue on scale tr', As this is absolute pressure,
subtract 15 lbs., and add a suitable amount for loss of pressure between
boiler and engiue.

Exeupr,p YL-Given power, pressure, and size of engine, to find speed

required. Seb expansions on G to boiler pressure on F, subtract back
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pressure, set strolie of engine on J tr.r diagram factor ou H, set inclicator N to
given I.H.P. on scale E, or the mechanical effrciency on scale M to the given
B.H.P. on scale E, and opposite the cliameber of (L.P.) o'linder on scale L
read the recluirecl speeal in revolutions per rrrinute ou scale K.

Exaupln VII.-Given power, diameter, speed anil pressure, to find stroke
required. Set expausions on G to boiler pressLu,e on 1', subbract back
pressure, set indicator N to I.I[.P. on E, or mechauical efficiency M to
B.H.P. on E, set revolutions per minute on J to diameter of (L.P.) cylitder
on L, and opposite the given diagraur factor on H reacl off the requirecl sbroke
on scale J.

Exalrpr,r VIII.-Given power, pressure, stroke and speed, to find diameter
of L.P. cyiinder required. Seb expansions on G to boiler pressure on F,
subtract back pressure, sel stroke on J to diagram factor on H, set indical,or
N to I.H.P. ou B, or mechanical efficiency M to B.H.P. on E, and opposite
the known reyolutions on scale K reacl the required cliameter of L.P. cylinder
required on scale L. To find the sizes of the otlier cylinders, set 100 ou
scale K against d.iameter of L,I'. cylincler on scale L, and opposite the

,-ta (H) x 100 on scale K, read the diameter of the high pI:essure

cylinder on scale L. Or, opposite the ratio "t (i+) x 100 on scale K, read

the diameter of the intermediate pressure cylinder on scale L.
Exeupr,s IX.-To frncl the size of two L.P. cylinclers each of the same size.

Proceed as in VIII. aud find the size of the equivalent single L.P. cylinder.
Then set 100 on scale K to this diameter, and opposite 200 on K read
diameter of each of the two L,P. cylinilers on L. The readings on the
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instrument do nob take into account Lhe area of the piston rod, as these ale
practically negligible, only affecting the resulb by 1 or 1| per cent. If
necessary, it could be allowed for by makine' the cylitder slightly larger thtr,u

the size indicated on bhe rule, say bhe next even figure in ciiameber.

Quite a large number of minor calculations can be effectecl by the aid of
this computer, in addition to those just mentionecl, such as to find the size

of steam pipe to bear a given i'atio to the size of cylinder; or to find bhe

mechanical efficiency, given I.H.P. and B.H.P. ; or to find the piston speed,

given stroke and revolutions; or to find the number of expa,nsions for a given
rn.e.p. ancl boiler pressure ; but sutficient has been saicl to show the general
scope of ttre operations porformed by the aid of 1,he instrument. Engine
clesignets rvill find this instrument of the greatest possible assistance to them
in so adjusting what may be termed. the movable or variable cprantities to
suit given conditions, such as where power and pressure only are known,
the various speeds at which different sizes of engines must, run to develop
the required power can be seen at a glance, and that size of engine chosen
which will conform most econoruically to the given conclitions. Auother
gleat ad.r,antage possessed by this instrument over the ordinary slitle rule
is that differenb quantities consisting of the same significant figures are
found iu different places on the power computer, whereas on the ordinary
slide rule the index points to the sarne place on the rule for such widely
differing results as 1'7, 17,170, and 1700. 'With this forrn of power com-
puter bhese four results are found in four disbinct and separate places; in
other words, bhe computer solves the difficulty of knowing where to put the
decimal point, which is one of the most common objections to t he use of the
slide rule raised by practical men.
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tr'or the guidance of the operator in determining the values of the best
ratio of expausion fol di1{erent boiler pressures, ancl tI're apploxiurate values
of diagram factors obtrrinecl rviih typical engines, tve gir.e below two tables
of approxirnate values which represent the meaus of average rvorking results
obtaiued in actual practice. The actual value takeu wili vary sornewliat
accordiug to the conclitions of working and with different rrakes of engiues,
so that the following rnay only be taken as a guide in the absence of more
exact figures obtained under the actual conditions of working for the
particular type of engine in question.

Taeln o[ rHE uosr Ecouol,lc,rl NuMsEn ox' ExpANSroNS.

Type oI Enginc. Boiler Plessule, in lbs. per st1. in. Gauge Plossure.

60 80 r00 t20 110 160 180 200 250

14

^L

10

10

IO

f Single Cylirrtler

Non- I ^. I UOmDOUllrl.Uonrtellslng I r
I

ITliple Expansior

4 J

8 I

8

10

Condensing

4,5

ii

5'5

1- I

11

t

I

3'5 1'5

Single Cylinder

Conrpouncl

Triple Expausion
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Tarr,u or Appnoxtuaru Dncneu Flcrons ron Typrclr ExctNss.

Jackcted. Non
Jacketed.

Single Cyliuder Engines

Compound Engines

SIide Yalves

Drop ot' Corliss Yalves

Non-condensing

Oondensing

Non-tonrlensing

Condensing

Non-condeusing

Oondensing

(

t

J
I

J
l.

0'83

0'8

0,7s

0'7

0.78

u'lc

0'62

0.7 2

0.67

0.58

0'65

0'62

0'78

0.7 5

0.7

0 .68

0.75

0'72

t

t

Triple Expausion, Courlensiug J;:-
t or.oo

Quarlruple Expansion, Oontlensing

Typical Exercises on the Use of the Instrument.
Exalrpr,n I.-To find the diameter of cylincler requi.ed for a small single-

c;'linder steam engine to develop 40 B.H.p. .ou-contlensing, with steam at
60 lbs. pressure, cutti,g off at I stroke, with speed (say) 1 20 revolutions, and
stroke 18 inches. set 2 expausions on scale G to 60 lbs. pressure on scale rr,
read theoretrical m.e.p. (50'7) lbs. on I'. substract 16 lbs. by setting 1 on G

Irorn

To

Mean

1

t
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to34'7 on F, set 1B-inch stlol<e on J to 0'78 on H, set 0'9 mectranical efficiency
on M to 40 on E, and leacl diameter of cylinder (13$ inches) on scale T,,

opposite 120 on K.

Exaltpr,r I1. To lind the T,H.I'. oI a compouncl elgine L.P. cylinder
24-inch cliarneler, stroire 3 feeL, revolrrtions 100, boiler-pressr-rre 160 lbs., expan-
sions 10. See illustratiou on this page. Set 10 on scaie G to 160 on scale F.

$ORSE
po t'€Q

4

ua9Bor,len e a ESS

Sdtt
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Read rn.e.p. on F, opposite 1 on G. Subtract a suibable back pressure, set
3-feet sl,rol<e on J to 0'7 on H, set 24 inches on L to 100 on K, and read
I.H.P. (304) off N on scale E.

Exlltpr,n III.-To find the B.H.P. of above engine, wibh a mechanical
efficiency of 0'88. Reacl B.}I.P. direct on scale E, opposite 0'88 on scale
M (267).

Exempr,u IV.-Io find diameter of high-pressure cylinder of above engine,
given ratio of cylinder areas:2'75. Set 24 inches on L to 100 on K, and
read diameter of high-pressure cylincler (14$ inches) on L, opposite 275 on K
(see illustratiori, p. 10).

Exelrpr,r V.-To find the diarleters of cylinrlers for a compound engine
to clevelop 200 ts.H.P., rvibh 160 boiler-pressure and a piston speed of 400
feet per minute. Set 10 on G to 160 ou F, reacl m.e.p. (53 lbs.) on F, opposite
1 on G, subtract 3 lbs. for back preseure, set 6-inch stroke orr J to 0'7 diagrarn
factor on H, set 0'88 mechanical efficiency on M to 200 on E, and read
diameter of low-pressure cylinder (26-{ inches) on scale L opposibe 400 feet per
minute (piston speed) on scale K. To fincl revolutions, rotate disc C aucl set
stroke (say 2 feet) to diagram factor 0'7 on H, aud r:pposite L:26t inr:hes read
speed:100 revolubions per minute. To flncl size of high-pressure cylinder, set
100 on K to 26$ inches on L, and read cliameter of H.P. cyiinder on L, opposite

ratio (k* ) x 100 on scale K. .-, (k+) :3, then H.P. cylincr.er:15*

inches diameter found on L, opposite 300 on scale K.
Exeupr,n VI.-To finrl the dianreters of cylinders required for a triple

expausion er.rgine to develop 800 R.H.P., say 4 feet stloke at 70 revolutions,
with 200 lbs. boiler pressure. Set 14 on G to 200 on F ancl reacl m.e.p.



12

(52 lbs.) off F opposite 1 on G. Subtract 3 lbs,, and seb 4 feet on J to 0'67
on H, set 0'85 (assur:recl mechanical efficiency) on n[ tu 800 on E, and
opposite 70 on K reacl diameter of L.P. cylinder (46, inclies) on L. Let ratio
L.P. . I,.P
fr".:8, arrcl r'atio ,i:3, set 100 on K to 46$ inches on L, aud read sizes of

high-pressure (16$ inches) and intermediate (27-inch) cylinders off L opposite
800 and 300 on K respectively.

Exeurlo YII.-To find 1,he stroke of a high-speed compound, single-
acting engiue, rvith 3O-inch low-pressure cylinder, to give 200 I.H.P. at 300

revolutions per minute, with 120 ibs. boiler pressure, working condensiug.
Set B on scale G to 120 on scale F, read rn.e.p. (46 lbs.) off F opposite 1 on

G, subtracb 3 lbs., set 0'5 on scale M to 200 on scale E, and 300 on K to
ll0 inches on L, and read stroke (12 inches) off J opposite 0'72 on H.

Exanplm YIII.-To find the LH.P. of a gas engine, cylinder 10-inch dia-
rneter, strol<e 16 inches, explosions per minute:100, assumed mean effective
prossuro:S0 ]bs. Seb 1on G to 80 on F, set 16 inches c,rn J to 1'0 on H,
seb 10 inches on L to 100 orr K, and read I.H,P. (25'5) on E opposite 0'5 on M,

ExaMrLs IX.-To find the B.H.P. of a petrol motor, with 6 cvlinders,
each 6-inch diarneter, sorol<e 6 inches, revolutions per minul,e:1000, assunred

ruean effective presstlre:66 lbs. Set 1on G to 66 on 1', set 6 inches on J to
1'0 on H, seb 6 inc,hes on L bo 500 (enplosinris) on K, and reacl I.H.P. per
cylincler (ia'1) off E opposite 0'5 on M. Total LH.P. :14'7 x 6:84'6.

Bxa.upln X.-To find the cliarneter of steam pipe requirecl for a 60-inch
cylinder, if the velocity of the steam be 15 tinies the mean velocity of the
piston. Set 60 inches on L to 100 on K, and opposite 15 on K, read dianreter
of pipe required (15| inches).


